
REQUIREMENTS by 2050

INNOVATIONS

Tidal CIties:
East Oakland
East Oakland is home to 
people from ethnic minority 
groups with a long history of 
facing social barriers. About 
70% rent their homes. Low 
incomes are common, and 
housing costs are rising 
dramatically. 
 The district is also at risk 
of flooding from sea level rise, 
rain, and rising groundwater. 
An airport (OAK), a saltwater 
inlet (San Leandro Bay) and 
a tidal marsh border the 
land. A highway and rail lines 
separate most residential areas 
from the water. Its history is 
industrial, with persistent soil 
contamination that could be 
remobilized by rising waters.
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- Prepare for flooding from sea level rise, groundwater rise, and 
rain-driven flooding along tributaries to the San Francisco Bay. 
- Adaptation designs must also be appropriate for a severe 
seismic event (8.0 on the Richter Scale) on a nearby fault.
- Some industrial land must be maintained near the Bay, with 
barge access for earthquake reconstruction purposes.
- Prevent displacement of lower-income residents.
- Prevent loss of wetland habitat for species protected by law.

- California recommends use of extreme SLR scenario of 2m+ 
by 2100 for major projects (state highway, urban district).
- Groundwater is shallow in East Oakland, and could rise in a 
1:1 ratio with sea level within 1 km of the Bay.
- Floating districts with 3-story housing and local commercial 
areas can be built with prefabricated units and shared decking.
- Canals can be used to drain existing neighborhoods up to 
about 1.2 m of groundwater/sea level rise.
- Wetlands can be raised in their current locations to keep up 
with 1 m of sea level rise, and after that they must move inland.
- Airport terminal functions move offsite; dedicated train links.

Sea Level Rise + 
Groundwater 
Shallow groundwater comes 
from rain, rivers and leaking 
water infrastructure. It is less 
dense than saltwater, so it lies 
above sea level with relatively 
little mixing. As sea levels 
rise, this groundwater will also 
rise and can emerge at the 
surface as flooding. Even if 
seawalls and earthen dikes 
are built, rising groundwater 
will eventually cause 
extensive flooding. Pumping 
could accelerate subsidence, 
worsening the problem.
  We think one solution is to 
build floating urban districts 
to live with the higher water, 
instead of pumping or trying 
to wall it out.

Early Adopter 2020

First: build Tidal City housing 
on a current parking lot, build 
linear parks along creeks, 
raise and widen tidal wet-
lands, and start building ca-
nals to protect older residen-
tial areas.  
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Second: Highway realigned 
in a tunnel for protection. Key 
bayside industrial land raised 
for emergency use after an 
earthquake. Airport terminal 
relocated to high ground.
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Early Adopter 2050

Tidal Cities continue to ex-
pand to floodable areas. Re-
gional dike built over and 
between permanent transpor-
tation corridors. Rising Bay 
eliminates some tidal wetland 
areas.  
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SCENARIO A: 
EARLY 
ADOPTER
An early-adopter scenario would build Tidal City neighborhoods 
into the low-lying Coliseum site that is already at high flood risk, 
and is now being re-developed. Coastal wetlands that provide 
protection from wave energy would be widened, and linear parks 
along creeks could enhance access to the Bay. Canals could be 
used to protect existing housing until around 2050. Tidal Cities 
would gradually expand to all of the floodable areas in the dis-
trict. Acting early to design and pilot adaptation strategies allows 
the private and public sectors to share in both the costs and the 
benefits of urban re-development as sea levels and groundwater 
rise.
 Early adaptation supports continuous infrastructure services, 
such as recreation, transportation, habitat and flood protec-
tion. It provides efficient use of public funds, by avoiding legal 
conflicts that are likely to occur if land value and infrastructure 
services are reduced. Community land trusts can be used in a 
free-market land tenure system to extend benefits to low-income 
residents, so all citizens benefit from adaptation. 
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Late Adopter 2035

Wetland parks, the interstate 
highway, and the newly built 
regional sports facility experi-
ence frequent flooding. Prop-
erty values drop, and the deci-
sion is made to adapt late.
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Tidal Cities introduced where 
saltwater flooding occurs. Air-
port terminal relocated to high-
er ground, highway placed in 
tunnel. Wetlands rebuilt, but 
fewer species survive.  

SCENARIO B: 
LATE
ADOPTER
Flooding from high tides and emergent groundwater causes 
flooding, closing some lanes of the regional interstate highway 
at high tide. Owner of the new sports facility and housing will 
need new public infrastructure to protect the site and its ac-
cess routes. Some properties lose value and become vacant. 
Wetlands collapse to mudflats and provide less protection from 
wave energy and flood waters, and much less saltmarsh habitat 
for Federally-endangered species. 
 Adapting late transfers significant costs to the public sector 
and to low income residents. Adaptation is framed as “emergen-
cy action” rather than a planned transition. Innovative public-pri-
vate strategies might still be used, such as Tidal Cities, but wa-
ter pollution and flooded roadways will create a perception that 
the district is not suitable for new market-rate housing. Reduced 
land values will cut funds for public services, creating a negative 
trend that will be harder to reverse when adaptation costs rise, 
because all coastal cities share the same needs for materials 
and labor. 

By waiting to adapt until sea level and groundwater rises, City, 
County, State and Federal agencies will reach the point where 
they become unable to fulfill their responsibilities to provide safe 
transportation routes, protect biodiversity, treat sewage wastes, 
and maintain a healthful environment for residents.
 In a scenario where government fails to act early, real es-
tate markets will respond with lower land values. The value of 
land that floods regularly will decline, and some buildings will be 
declared unoccupiable for health and safety reasons. Workers 
from the local area as well as the larger region will be unable 
to reach jobs north and south of East Oakland, dividing the re-
gion’s economy into two separate metropolitan units on the East 
Bay side. Lawsuits will drain public budgets as environmental 
groups and private land owners sue the City and other jurisdic-
tions over their lack of action, in spite of early vulnerability stud-
ies that predicted the flooding.
 If a major earthquake occurs during this period, there may 
be an influx of Federal and State funds for reconstruction, sup-
porting adaptation. Alternatively, equally strong demands for 
help in other coastal cities may create so many demands on 
Federal and State money that both recovery and adaptation will 
rely solely on funds from the metropolitan area, creating a drag 
on the regional and State economy.     

Impacts of delayed adaptation
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California’s “H++” extreme sea level rise scenario
(2018)

3.12 m by 2100

STATUS AND SEA LEVEL RISE TRENDS: East Oakland in the San Francisco Region, California, USA

Adaptation pathways dia-
grams have been used to 
represent alternative futures 
for coastal infrastructure. 
This method of representing 
the implementation of alter-
natives over time can be ex-
tended to consider the suite 
of strategies that might be 
used to adapt an entire urban 
district. We used (b) to repre-
sent a proposed sequence of 
changes in East Oakland.

HIGH GROUNDWATER 

Polluted Bay Waters from 
flooding of contaminated soils

High-Tide Extent (Dashed Blue Line)

Flooding blocks highway, airport 
runways; sewer drainage func-
tions cease; wetlands collapse 
to mudflats. Soil contamination 
spreads. Buildings are damaged 
and vacant. 
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SCENARIO C: 
NON-
ADOPTER  

This scenario represents a total loss of land value and land 
use in frequently flooded areas of this urban district, and partial 
losses of value in a much larger area. The metropolitan region 
would be divided into northern and southern zones, with little 
or no land-based transportation functioning between them. 
Biodiversity and ecosystem services would decline dramatically, 
and both surface and groundwater would become polluted, 
including the waters of the Bay. Private land owners would lose 
their property, and the City would lose a significant % of its 
economic/cultural diversity.
 Gray polygons in this image indicate land that would likely 
be flooded, seasonally or permanently, either by ocean water or 
groundwater. Underground infrastructure will cease to function 
before buildings become inaccessible. Increasingly frequent 
flood events will cause a loss of value before facilities become 
unusable. Public agencies and insurers would determine 
whether structures are unsafe. Mold, blocked sewers and other 
variables may drive the decision to declare buildings unusable. 
Loss of wetland habitat would trigger monetary penalties for the 
City, according to Federal laws.  

California has provided guidance for public agencies that 
recommends consideration of a potential “H++” extreme sea 
level rise scenario for long-term investments, such as high-
ways and airports. This approach could help to protect Oak-
land neighborhoods for a century or more.

TABLE 1. PROJECTED SEA LEVEL RISE IN FEET FOR SAN FRANCISCO 
(State of California Sea Level Rise Guidance, 2018 Update)

(a) California’s extreme sea level rise scenario, H++ (2018)

(b) Adaptation pathways diagram for East Oakland, based on H++ sea level rise scenario

ABC Team

(A) This map by Plane and Hill (2017) shows that groundwater is very shallow beneath 
the urban land areas around the San Francisco Bay.

Tidal City Prototype
a mixed-use district adapted to high tides and 
high groundwater

The primary reason for using the 
Tidal City strategy is that conven-
tional development will be more 
likely to fail as sea levels and 
groundwater rise, because the dis-
trict is on landfill in an earthquake 
zone. Second, artificial ponds al-
low management of excess rain-
water in a storm event, and can 
filter out some pollutants. Third, 
excavation allows contaminants to 
be sequestered under new earth-
works, or removed from the flood 
zone altogether before they are 
spread to the nearshore environ-
ment.
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Team:  

The Tidal City proposal originated in research by Kristina Hill in 
2014, and developed in a series of UC Berkeley graduate stu-
dios led by Kristina Hill, with assistance from Nate Kauffman 
and Tomas McKay. We evolved and refined the idea with a team 
of professionals (the ABC Team) in the Resilient By Design Bay 
Area Challenge in 2017-2018. www.resilientbayarea.org
The ABC team included faculty from California College of Arts, 
planners, designers and engineers from: CMG, AECOM, SKEO, 
Silvestrum, and David Baker Architects. Participants from Oak-
land groups included: Marquita Price, Colin Cook-Miller, and 
Beth Teper. We also benefited from a series of community meet-
ings where people from East Oakland community groups of-
fered their input and guidance.

Citations: 
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Hill, K., (2015) “Coastal Infrastructure: A typology for the next 
century of adaptation to sea level rise,” Front Ecol Environ 2015; 
13(9): 468–476, doi:10.1890/150088.

East Oakland already has very shallow groundwater. Adaptation to sea level rise must also adapt to higher 
groundwater. Pumping on the former wetland soils of this coastal urban area could lead to rapid subsidence.

ADAPTATION MUST BALANCE CUT-AND-FILL

Most coastal adaptation projects seek to raise the elevation 
of coastal land. Using earthworks makes sense, because it 
requires a minimum of concrete and steel, and can be added to 
by successive generations without replacing existing material. 
But mounding alone is a limited strategy, since there is only so 
much fill available. Balancing cut and fill is a better strategy.
Excavating artificial ponds provides fill material to expand 
wetlands and build dikes. Then tide gates are installed to 
minimize water level changes. Finally, prefabricated units are 
stacked on shared decking, supported by pontoons. 

(C) This luxury housing area near Rotterdam was built in an artificial pond, 
using pile foundations. Floating buildings are used in Amsterdam. 

(D) Berkeley student Arturo Ortiz demonstrates the floating housing concept.  

TIDAL CITY CONCEPT
A Tidal City floats pre-fabricated 
housing units, 2-3 stories tall, on 
shared decking in an excavated pond. 
The pond stores excess floodwater 
from adjacent tributaries, and allows 
daily tidal exchange using tidegates. 
Larger buildings can be built adjacent 
to the ponds using deep pile 
foundations.

The Tidal CIty strategy is flexible. Its 
components can be relocated if sea 
level rise is higher than anticipated. 
New ponds can be excavated farther 
inland, and the modular components 
can be moved by barge or flatbed 
truck. Old ponds can be re-filled to 
expand or replace tidal wetlands that 
have collapsed. 
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EARTHWORK-BASED ADAPTATION SKETCH
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Sea level rise will drive groundwater levels higher near the coast, 
causing problems for buried infrastructure, remobilizing soil pollution, 
increasing seismic risks, and eventually producing surface flooding.

(B) This detailed analysis shows how shallow groundwater is under East Oakland (Plane and Hill 2017).


