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Can we 
cope when 

our world 
changes 

irreversibly? 

BY ROY SCRANTON

ILLUSTRATIONS BY 
KELSEY NIZIOLEK 

he fantasy version of 
apocalypse always 
begins with the long-
awaited event—a missile 
launch, escaped virus, 
zombie outbreak—and 

moves swiftly through collapse into 
a new, steady state. Something hap-
pens, and the morning after you’re 
pushing a squeaking shopping cart 
down a highway littered with aban-
doned Teslas, sawed-off shotgun 
at the ready. The event is key: it’s a 
baptism, a fiery sword separating 
past and present, the origin story of 
Future You. 

Catastrophic global climate 
change, however, is not an event at 
all, and we’re not waiting for it. We’re 
living it right now. 

In August 2018, in a summer 
of forest fires and shattered heat 
records, the strongest, oldest ice in 
the Arctic Sea broke up for the first 
time on record, presaging the final 
throes of the Arctic death spiral. In 

September 2018, the secretary gen-
eral of the United Nations, António 
Guterres, gave a speech warning: “If 
we do not change course by 2020, 
we risk missing the point where we 
can avoid runaway climate change.” 
The months following saw the US 
government crippled by a fight 
over whether to build a wall on the 
southern border to keep out cli-
mate change refugees, news that 
greenhouse-gas emissions have not 
decreased but in fact have acceler-
ated upward, and a populist revolt in 
France sparked by opposition to a 
gas tax. 
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Despite this, Plenty Coups offered 
his people a vision of a future in which 
meaning and events might once again 
become possible. He framed his vision 
through a dream he’d had of the dis-
appearance of the buffalo. Within the 
dream, a chickadee teaches Plenty 
Coups to listen carefully, learn from his 
enemies, and “learn to avoid disaster by 
the experiences of others.” 

“The traditional forms of living a 
good life were going to be destroyed,” 
writes Lear. “But there was spiritual 
backing for the thought that new good 
forms of living would arise for the 
Crow, if only they would adhere to the 
virtues of the chickadee.” 

Today the Crow—just like the 
Sioux, the Navajo, the Potawatomi, 
and numerous other native peoples—
live in communities that struggle with 
poverty, suicide, and unemployment. 
But these communities are also home 
to poets, historians, singers, dancers, 
and thinkers committed to indigenous 
cultural flourishing. The point here 
is not to glamorize indigenous close-
ness to “nature,” or to indulge a naive 
longing for lost hunter-warrior values, 
but to ask what we might learn from 
courageous and intelligent people 
who survived cultural and ecological 
catastrophe. 

We must go on
Like Plenty Coups, we face the 
destruction of our conceptual reality. 
Catastrophic levels of global warming 
are practically inevitable at this point, 
and one way or another this will bring 
about the end of life as we know it. 

So we have to confront two distinct 
challenges. The first is whether we might 
curtail the worst possibilities of climate 
change and stave off human extinction 
by limiting greenhouse-gas emissions 
and decreasing atmospheric carbon diox-
ide. The second is whether we will be 
able to transition to a new way of life in 
the world we’ve made. Meeting the lat-
ter challenge demands mourning what 
we have already lost, learning from his-
tory, finding a realistic way forward, and 
committing to an idea of human flour-
ishing beyond any hope of knowing what 
form that flourishing will take. “This is 
a daunting form of commitment,” Lear 
writes, for it is a commitment “to a good-
ness in the world that transcends one’s 
current ability to grasp what it is.” 

It is not clear that we moderns 
possess the psychological and spiri-
tual resources to meet this challenge. 
Coming to terms with the situation as it 
stands has already proved the struggle 

of a generation, and the outcome still 
remains obscure. Successfully answer-
ing this existential challenge may not 
even matter at all unless we immedi-
ately see substantial reductions in global 
carbon emissions: recent research sug-
gests that at atmospheric carbon dioxide 
levels around 1,200 parts per million, 
which we are on track to hit sometime 
in the next century, changes in atmo-
spheric turbulence may dissipate clouds 
that reflect sunlight from the subtrop-
ics, adding as much as 8 °C warming 
on top of the more than 4 °C warming 
already expected by that point. That 
much warming, that quickly—12 °C 
within a hundred years—would be such 
an abrupt and radical environmental 
shift that it’s difficult to imagine a large, 
warm-blooded mammalian apex pred-
ator like Homo sapiens surviving in sig-
nificant numbers. Such a crisis could 
create a population bottleneck like 
other, prehistoric bottlenecks, as many 
billions of people die, or it could mean 
the end of our species. There’s no real 
way to know what will happen except by 
looking at roughly similar catastrophes 
in the past, which have left the Earth 
a graveyard of failed species. We burn 
some of them to drive our cars.

Nevertheless, the fact that our situa-
tion offers no good prospects does not 
absolve us of the obligation to find a way 
forward. Our apocalypse is happening 
day by day, and our greatest challenge 
is learning to live with this truth while 
remaining committed to some as-yet- 
unimaginable form of future human 
flourishing—to live with radical hope. 
Despite decades of failure, a disheart-
ening track record, ongoing paralysis, a 
social order geared toward consumption 
and distraction, and the strong possi-
bility that our great-grandchildren may 
be the last generation of humans ever to 
live on planet Earth, we must go on. We 
have no choice. 
Roy Scranton is the author of  
We’re Doomed: Now What? (Soho Press, 
2018) and Learning to Die in the 
Anthropocene. He teaches at the 
University of Notre Dame.
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Extreme Drought
During drought, the South 
Florida Water Management  
District constantly monitors our 
water supply sources and storage 
areas such as ground (aquifers) and 
surface (lakes, wetlands, canals, 

ponds, etc.) water levels, including Lake Okeechobee and 
the Everglades Water Conservation Areas. These levels can 
fall fast because they are recharged by rainfall. When levels fall too 
low, the District declares a water shortage emergency imposing mandatory 
water use restrictions to stretch our limited water supplies and protect our 
natural systems. Depending on levels, the District also can move water from 
storage areas through the system to recharge public water supply well fields and 
prevent saltwater intrusion from tainting our drinking water.  

Our 
Connected
System
The South Florida Water 
Management District operates 
the regional water management 
system of canals, levees and 
water control structures and 
has, for more than 60 years, 
helped to lessen the impact of 
flood and drought. With more 
than 2,600 miles of canals and 
levees, about 1,300 water 
control structures and 66 pump  
stations, it is one of the
largest water control systems in 
the world. The system connects 
to community drainage districts 
and hundreds of smaller 
neighborhood systems to 
effectively manage floodwaters 
during heavy rain and to move 
water to manage water supplies 
for cities, farms and the 
environment during drought.

KNOW THE FLOW: A THREE-TIERED SYSTEM

After a heavy rain, excess 
“surface water” slowly drains 
to community lakes and 
ponds via street and drainage 
grates, swales, ditches or 
neighborhood canals. 
Maintenance of community 
drainage facilities is typically 
the responsibility of residents 
or homeowner associations.

The water then drains from 
the neighborhood or “tertiary” 
system through culverts or 
underground pipes to the 
“secondary system,” usually 
operated by special drainage 
districts or the county/city. 

NEIGHBORHOOD DRAINAGE SYSTEM
Tertiary Drainage System

Usually a network of local gates, pump 
stations, canals, structures and storage 
areas, “secondary” drainage systems can 
cover several hundred square miles and serve 
a number of communities. The secondary 
system’s canals typically discharge water 
into the “primary” flood control system. 

Huge gravity-operated gated 
spillways help control the 
amount of excess water 
discharged to the ocean or gulf 
as quickly and safely as possible. 
Because these large-volume 
spillways can control the quantity 
of excess water released, they are 
also used to help block saltwater 
intrusion into coastal freshwater 
aquifers/well fields. 

SECONDARY DRAINAGE SYSTEM
Local Drainage District/County or City

PRIMARY DRAINAGE SYSTEM
South Florida Water Management District (SFWMD) Canals and

Natural Rivers/Other Waterways

The SFWMD operates and maintains the 
“primary” drainage system built by the 
federal government along with other 
system components. During and after 
heavy rains, excess water is routed through 
primary waterways using pump stations 
and other structures to storage areas or 
coastal discharge points to relieve 
flooding. In areas not served by the federal     
         project, the primary outlets are 
          rivers and other waterways.  

WET SEASON,  DRY SEASON

Our central and south Florida weather can be one of extremes from droughts to 
hurricanes — sometimes in the same year! Our region has two seasons: the wet 
season, from June through October, when 70 percent of the year’s rain falls, 
and most hurricanes occur; and the dry season, from November through May. 
We typically get an abundance of rain, about 52 inches a year, falling 
mostly in the wet season. But, Mother Nature isn’t always typical and she 
does not always follow the wet/dry calendar. Knowing that we can 
expect two seasons, we can all be prepared to handle too little or too 
much rain.

   MANAGING
EVERY DROP

   MANAGING
EVERY DROP

        Engineers, meteorologists and water managers 
          monitor weather conditions and water levels 
          24 hours a day from the District's "Control 
         Room" at its headquarters in West Palm 
        Beach. They use this data to determine optimal 
      operation of the hundreds of water control 
    structures throughout the system in times of 
heavy rain or drought — and all year long.   

Weather conditions and water levels are 
monitored around the clock, 365 days a year 
using state-of-the art technology and long-term 
climatic forecasting. The District opens flood 
gates and lowers primary canal levels if heavy 
rains are expected. In extreme conditions, the 
Emergency Operations Center is activated and 
coordinates with other governmental agencies. 

When a Storm 
Approaches

Lake Okeechobee Extreme Highs & Lows . . .

. . . in the same year!

SURFACE SANDS

SURFICIAL AQUIFER
(BISCAYNE AQUIFER)

CONFINING LAYER (CLAY)

FLORIDAN AQUIFER

NOTE: The 
water control 
structures in 

the photos are 
representative of 

the many types of 
structures used 

by all three 
systems to 

convey water.
Illustration not 

to scale.

3
2
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Our underground “mountains” 
Instead of visible snowcapped mountains that capture 
water in cracks and crevices, most of our drinking water 
comes from underground “mountains” of limestone 
called aquifers — which are replenished by rain. The 
Biscayne Aquifer is South Florida’s primary source of 
fresh or drinking water. Deeper down is the Floridan 
Aquifer, separated by the confining layer of dense rock. 
The Floridan Aquifer spans the state and is usually too 
salty to drink without further treatment.   

DRAINAGE GRATES CULVERTS LOCAL STRUCTURE GATED SPILLWAYSPUMP STATIONS

SFWMD WATER MANAGERS

June 2010
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does not always follow the wet/dry calendar. Knowing that we can 
expect two seasons, we can all be prepared to handle too little or too 
much rain.

   MANAGING
EVERY DROP

   MANAGING
EVERY DROP

        Engineers, meteorologists and water managers 
          monitor weather conditions and water levels 
          24 hours a day from the District's "Control 
         Room" at its headquarters in West Palm 
        Beach. They use this data to determine optimal 
      operation of the hundreds of water control 
    structures throughout the system in times of 
heavy rain or drought — and all year long.   

Weather conditions and water levels are 
monitored around the clock, 365 days a year 
using state-of-the art technology and long-term 
climatic forecasting. The District opens flood 
gates and lowers primary canal levels if heavy 
rains are expected. In extreme conditions, the 
Emergency Operations Center is activated and 
coordinates with other governmental agencies. 

When a Storm 
Approaches

Lake Okeechobee Extreme Highs & Lows . . .

. . . in the same year!

SURFACE SANDS

SURFICIAL AQUIFER
(BISCAYNE AQUIFER)

CONFINING LAYER (CLAY)

FLORIDAN AQUIFER

NOTE: The 
water control 
structures in 

the photos are 
representative of 

the many types of 
structures used 

by all three 
systems to 

convey water.
Illustration not 

to scale.

3
2

1

Our underground “mountains” 
Instead of visible snowcapped mountains that capture 
water in cracks and crevices, most of our drinking water 
comes from underground “mountains” of limestone 
called aquifers — which are replenished by rain. The 
Biscayne Aquifer is South Florida’s primary source of 
fresh or drinking water. Deeper down is the Floridan 
Aquifer, separated by the confining layer of dense rock. 
The Floridan Aquifer spans the state and is usually too 
salty to drink without further treatment.   

DRAINAGE GRATES CULVERTS LOCAL STRUCTURE GATED SPILLWAYSPUMP STATIONS

SFWMD WATER MANAGERS

June 2010













5/18/2019 Among the Ruins of Mexico Beach Stands One House, Built ‘for the Big One’ - The New York Times

https://www.nytimes.com/2018/10/14/us/hurricane-michael-florida-mexico-beach-house.html 1/8

By Patricia Mazzei

Oct. 14, 2018

MEXICO BEACH, Fla. — As they built their dream house last year on the shimmering sands of the Gulf of Mexico, Russell

King and his nephew, Dr. Lebron Lackey, painstakingly documented every detail of the elevated construction, from the 40‑

foot pilings buried into the ground to the types of screws drilled into the walls. They picked gleaming paints from a palette

of shore colors, chose salt‑tolerant species to plant in the beach dunes and christened their creation the Sand Palace of

Mexico Beach.

They also installed an outdoor security camera. Its video footage became the only view of their property as Hurricane

Michael thundered ashore last week, the most intense storm recorded in the history of the Florida Panhandle.

The camera showed a horrifying tunnel of gray fury worsening by the hour as Dr. Lackey, a 54‑year‑old radiologist, stared

helplessly from more than 400 miles away at the corner of his roof.

[“The power grid is destroyed” in some places. Read more here about how thousands of people may not get their electricity

back for weeks.]

Among the Ruins of Mexico
Beach Stands One House,
Built ‘for the Big One’

U.S. | Among the Ruins of Mexico Beach Stands One House, Built ‘for the Big One’
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A group of scientists just presented
updated sea level rise projections to
Tampa Bay politicians. Here's what
they say.
Their projections are 12 to 18 inches higher than the same group’s 2015 estimates on
average.

By Kirby Wilson

Published May 14

Updated May 14

Beachfront areas like Redington Beach could face sea level rise of anywhere from 2 to 8 feet by the end of the
century, according to the latest projections. [Luis Santana | Times]
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Deze droogte is een
live st resstest

V�E�R�Z�I�LT�I�N�G

De maatregelen die Nederland nam om de schade van de droogte te beperken,
waren verstandig. Maar hoe zal dat in de toekomst gaan?

Door�onze�redacteur
Arjen�Schreuder

AMSTERDAM.�De droogte was hevig, heeft
vele records gebroken en houdt aan, ook al
heeft het deze week eindelijk geregend.
„Met één buitje gaan we het niet redden”,
vertelde directeur-generaal Michèle Blom
van Rijkswaterstaat woensdag in een twit-
terfilmpje. „We hebben twee tot drie
maanden typisch Nederlands weer nodig
om de voorraad weer aan te vullen.”

Hebben we de droogte goed doorstaan?
Heeft Nederland de juiste maatregelen ge-
nomen? Is de schade niet onnodig groot
geweest? En kunnen we er iets van leren,
voor vergelijkbare zomers die volgens kli-
maatwetenschappers ongetwijfeld ko-
men? „Deze droogte is een live stresstest”,
zegt deltacommissaris Wim Kuijken. Hij
voert namens de regering de regie over het
programma voor de komende decennia
om Nederland te beveiligen tegen te veel
én ook tegen te weinig water.

Wat Kuijken betreft hebben de water-
managers de test goed doorstaan. „Ik her-
inner me het recordjaar 1976 nog heel
goed. Toen werd Nederland verrast door
de droogte. Er moesten toen hals over kop
waterlopen worden verlegd. Zulke maat-
regelen waren nu niet nodig.”

De boeren hebben het zwaar. Veel parti-
culiere tuintjes zijn naar de knoppen. Be-
ken zijn drooggevallen, de natuur heeft
een tik gekregen. Maar er zijn geen uitge-
droogde veendijken bezweken, zoals in
2003 in Wilnis. De drinkwatervoorziening
is geen moment in gevaar geweest. De ver-
zilting van het water in het westen, met
z’n bolgewassen en bomenteelt, blijft be-
perkt door onder meer de aanvoer van ex-
tra water uit het Amsterdam-Rijnkanaal.
„De maatregelen waren verstandig en
goed gecoördineerd”, zegt Huub Savenije,
emeritus hoogleraar hydrologie aan de TU
Delft. „Daar valt niets op aan te merken.”

Toch geeft het relatieve succes van de
maatregelen te denken. Kan Nederland

hevige droogte ook in de toekomst aan?
Moeten we geen drastische maatregelen
nemen? Spoort de inrichting van Neder-
land nog met de natuur?

Om te beginnen zijn we door de droogte
weer met de neus op de feiten gedrukt; we
gebruiken ontzettend veel rivierwater om
het zilte water uit zee buiten de deur te
houden. Dat water zijn we ’s winters liever
kwijt dan rijk, maar ’s zomers, bij een te-
kort, hadden we het goed kunnen gebrui-
ken voor andere dingen. „We verkeren in
een luxe positie met al dat rivierwater. Ne-
derland is 36.000 vierkante kilometer
groot en krijgt via de Rijn water uit een
stroomgebied van 185.000 vierkante kilo-
meter. Daarmee hebben we een ontzet-
tend groot voordeel ten opzichte van an-
dere Europese landen”, zegt Frans Klijn,
rivierdeskundige bij kennisinstituut Del-
tares. Het zou wel mooi zijn het overtollige
rivierwater uit de winter te sparen voor de
droge zomers. „Dat is de opgave voor de
to e ko m s t .”

M a m m o e tt a n ke r
Water ‘v a s t h o u d e n’ is het devies. In natte
natuurgebieden bijvoorbeeld. In vijvers in
steden. Op boerenland. En nadenken of je
de koers van de „mammoettanker ” niet
nu al moet wijzigen, om te voorkomen dat
ons watermanagement over enkele tien-
tallen jaren stagneert. Frans Klijn: „Me t
ons huidige systeem kunnen we het nog
lang volhouden. Maar het is als bij het gas;
als je er lang van afhankelijk bent, kom je
er moeilijk los van. Het risico bestaat dat
we onszelf in een groef hebben gema-
noeuvreerd waar we niet meer uitko-
m e n .”

De verzilting treedt niet alleen op door
droogte, maar wordt ook heviger door
zeespiegelstijging. Het is denkbaar dat de
zee over honderd jaar een meter hoger ligt.
Dan krijg je problemen met het inlaten van
zoet water. We zouden veel minder rivier-
water nodig hebben door het verzilte wa-
ter al eerder tegen te houden. Je zou
nieuwe keringen of sluizen kunnen bou-
wen, zoals in de Hollandse IJssel, waar
brak water indringt, of zelfs in de Nieuwe
Waterweg bij Rotterdam. Dat is duur, en
bovendien onwenselijk voor de Rotter-
damse haven. „Al kun je je voorstellen dat
de haven op lange termijn buitengaats
komt te liggen, en schepen de Waterweg
niet meer op hoeven”, zegt emeritus
hoogleraar Huub Savenije. Maar het is nog
niet nodig, denkt deltacommissaris Kuij-
ken. „We hebben nu de kleinschalige wa-
teraanvoer om water van oost naar west te
brengen. Dat systeem gaan we komende
jaren uitbreiden. Dat is veel go e d ko p e r
dan het afsluiten van de Waterweg.”

Een andere mogelijke maatregel tegen
de droogte is het bijvullen van de natio-
nale waterton, het IJsselmeer. Geen gek
idee als je bedenkt dat er tijdens de
droogte meer water uit het IJsselmeer ver-
dampt en er wordt uitgehaald dan er via de
IJssel weer in stroomt. Onlangs is besloten
dat het peil ’s zomers enkele tientallen
centimeters mag fluctueren al naar gelang
de behoefte aan zoet water.

Maar je zou het drastischer kunnen aan-
pakken, zoals het peil structureel met an-

Zo�e�t�wa�t�e�r�i�n�f�u�u�s

Aanvoer uit IJsselmeer

Aanvoer uit Maas

Aanvoer uit Rijn,
IJssel en Waal

Waddeneilanden
geen aanvoer

Geen aanvoer
uit hoofdwatersysteem

Aanvoer uit Lek,
Brielse Meer en

A’dam-Rijnkanaal

Aan- en afvoer van zoet water in Nederland, bij Rijnaanvoer van 1.200 m3/s

Aanvoer vanuit rivieren

Afvoer naar zee

4 ‘hoofdkranen’

8 ‘nevenkranen’

100
m3/s

215
m3/s

35 m3/s

15 m3/s

15 m
3/s

2 m3/s

75 m3/s

10 m3/s

1.200
m3/s

1.000
m 3/s

950
m3/s

SLUIZEN EN STUWEN
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Je kunt niet het
water laten verzilten
en tegen de boeren
zeggen: zoek een
ander plekje

derhalve meter te verhogen. Dat was wat
oud-minister Cees Veerman in 2008, als
voorzitter van een commissie, voorstelde.
„Met die peilverhoging krijg je er een
enorme schijf zoet water bij”, zei Veerman
destijds. Dat water hebben we „hard no-
dig” in droge zomers. „Tegen het indrin-
gen van zout water uit zee. Voor het drink-
water. En voor landbouw en industrie.”

Er kwam veel verzet, vooral van steden
langs het IJsselmeer die hoge kosten voor-
zagen voor hun dijken en jachthavens.
„Plaatsen als Enkhuizen en Stavoren wa-
ren daar niet blij mee”, herinnert delta-
commissaris Kuijken zich. Het is ook niet
nodig, volgens hem. „Dat voorstel van
Veerman was een klaroenstoot. Hij wilde
het onderwerp droogte op de agenda krij-
gen. Maar voorlopig hebben we vol-
doende aan het flexibele peil waartoe we
hebben besloten. We kunnen met dat peil
gaan spelen, dankzij pompen in de Af-
s l u itd i j k .”

Alles goed en wel, maar zouden we in
Nederland toch niet wat meer moeten le-
ren leven met verzilt water? Het op een
kier zetten van de Haringvlietdam waar-
toe Nederland internationaal verplicht is,
heeft jaren vertraging opgelopen, onder
meer doordat boeren last van zilt water
zouden krijgen, en er een nieuw inlaat-
punt voor zoet water moest worden ge-
bouwd. „Dat heb ik vorig jaar geopend”,
zegt deltacommissaris Wim Kuijken. „D at
is de manier waarop we in Nederland met
elkaar omgaan. Je kunt niet het water la-
ten verzilten en tegen boeren zeggen:
zoek een ander plekje. Je moet dat fat-
soenlijk regelen. Anders krijg je geen
draag vlak.”

Lavendel in plaats van aardbeien
Maar waarom eigenlijk ligt Goeree-Over-
flakkee aan het zoetwaterinfuus van het
Haringvliet en doen de zuidelijker gelegen
Zeeuwse eilanden het ‘ge wo o n’ met
grondwater? „Geef die verzilte gebieden
terug aan de natuur”, zegt hydroloog Sa-
venije. „En zwicht niet meteen voor de
zware boerenlobby.”

Boeren zouden gewassen kunnen telen
die tegen verzilting bestand zijn. Waarom
altijd aardbeien op de volle grond telen en
geen lavendel? Waarom geen quinoa in
plaats van wortels? „De bollengewassen in
het westen van het land hebben al lang last
van verzilting en het doorspoelen van zilte
wateren wordt een dure grap”, zegt plan-
tenfysioloog en gewasonderzoeker Greet
Blom van Wageningen Universiteit.

Het kan anders, leert haar onderzoek
naar onder meer droogtebestendige ge-
wassen, waterbesparing en ondergrondse
irrigatie in Afrika. „Boeren die hier hun ge-
wassen beregenen, laten veel water ver-
dampen. Bij ondergrondse irrigatie kun je
planten op maat bedruppelen.”

Er is onderzoek naar veredeling van ge-
wassen, zoals de aardappel die dieper
wortelt bij droogte, en naar het aanpas-
singsvermogen van bestaande gewassen.
„Daar kunnen we in Nederland veel van
leren. Als je een kamerplant elke dag veel
water geeft, is hij niet bestand tegen droge
omstandigheden. Door dat niet te doen,
kan een plant weerstand opbouwen.”

Ook de weerstand tegen verzilting valt
te sturen, zegt Blom, door andere gewas-
sen te telen. De vraag is of deze „enorme
s t a p” voor boeren lonend is. „Je moet het
wel terug kunnen verdienen.” A a rd a p p e -
len, beaamt ze, zou je ook in waterbespa-
rende kassen kunnen verbouwen. „Maar
daar hangt wel een prijskaartje aan.”

De teelt van zilte gewassen is een van de
„interessante innovaties” die her en der
opduiken, constateert deltacommissaris
Kuijken. Toch moeten we er niet alle heil
van verwachten, vindt hij, net zo min als
van andere rigoureuze veranderingen.
„We hebben de laatste jaren met allerlei
extreme weertypes te maken gehad. Onze
strategie is: flexibel zijn. Flexibiliteit in al
onze maatregelen is de beste manier om
extremen op te vangen. We gaan adaptief
te werk, nuchter en alert. We kunnen onze
koers altijd bijstellen.”

Droogte�versus�regenbij�Vogelenzang�(boven)�en�de�Amsterdamse
Wa�t�e�r�l�e�i�d�i�n�g�d�u�i�n�e�n�.
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Increase in mean temperature

Temperature extremes

Precipitation extremes

Storm surges

River flooding

Coastal flooding

Drought

Change in temperature 
2010–2050
Global average 
temperature is 
projected to increase
by around 2 °C by 
2050, with large 
regional differences. 
The northern regions 
face relatively high 
temperature increases.

ºC
0.3 – 1
1.1 – 1.5
1.5 – 2
> 2

Shift in mean conditions,
strong impact on extremes
Along with a shift in average 
weather conditions and 
circulation patterns, extreme 
weather conditions are 
occurring more frequently 
and are becoming more 
extreme.

Change in net
precipitation  
2010–2050
In general, the net 
result of changing 
temperature, 
precipitation patterns 
and evaporation is 
that most dry areas 
will become dryer 
and wet areas wetter.

mm/day
< -0.5
-0.5 – -0.1
-0.1 – 0.1
0.1 – 0.5
> 0.5

Source:  PBL

Source:  PBL

Climate change involves both slow and gradual changes, such as in 
temperature, precipitation patterns and sea level rise, as well as changes  
in weather extremes, such as drought, flooding and storm surges. 

Society is primarily impacted by climate change through 
changes in the global and local water system. Changes  
in precipitation patterns, weather extremes, water-related 
disasters, sea level rise, and melting sea ice affect both 
security risks and development opportunities. The warming 
of rivers, lakes, seas and oceans negatively affects the 
quality of their ecosystems. 

CLIMATE CHANGE AND 
WEATHER EXTREMES

2322 THE GEOGRAPHY OF FUTURE WATER CHALLENGES 1 SETTING THE SCENE

THE GEOGRAPHY OF
FUTURE WATER CHALLENGES



Source:  PBL

Cities and population
density, 2050

Cities 2010
Cities 2050

Inhabitants 
(millions) 
10
20
30

Population density 
(number of people 
per 30'' grid cell)

1–100
101–500
501–1,000
> 1,000

Source:  PBL

Kinshasa will 
grow from 
7.8 million 
to 28.3 million 
inhabitants 

By 2050 Mumbai 
will be the biggest 
city (31.6 million)  

0 2,0002,000 4,0004,000 6,000

Delta

Coast

Drylands

Global

UrbanRural Mill ions

Strong population
growth in urban 
areas 

In deltas and drylands
the urban population 
will almost double 

2050

2010

Change in urban and 
rural populations, 
per type of area, 
2010–2050
Fast urban growth, 
more than doubling 
city sizes, occurs 
especially in the 
developing countries 
of East and South 
Asia and Sub-Saharan 
Africa.

URBANISATION CHANGES 
GLOBAL VULNERABILITY

In the urbanising world, cities will increasingly become 
centres of population growth and economic development. 
By 2050, 70% of the world population is projected to live  
in an urban environment, and the 600 major cities in the 
world are expected to provide 60% of global GDP. The 
global urban area is expected to expand by more than 70%, 
not only in riparian and coastal areas and in deltas, but also 
in water-stressed regions, such as drylands. By 2050, 70% 
of the global population will be living on 0.5% of the global 
land area.

The challenge of inclusive urban 
development
Today, about one billion people  
are living in urban slums. The 
rapidly growing urban population 
strongly increases the pressure on 
local resources, local environmen-
tal conditions, food availability, 
labour opportunities, and public 
services. Reducing inequality, inse-
curity and poverty in cities may be 
some of the major challenges, on 
the path towards 2050.

Because of continued global urbanisation, water-related risks will 
increasingly be concentrated in cities.  
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Cities Flood Risk Hotspots



Rotterdam is #12 $ 82 B

global flood losses coastal cities will tenfold in 2050 US$52 billion / year 
all losses global flood damage will cost US$1 trillion a year (OECD / WB)



Flood-prone urban population, in millions
Flood-prone rural population, in millions

Deltas
Coastal zones 

Deltas
Coastal zones 

2050 1,175305170

Most people potentially 
exposed to flooding live 
in cities along rivers.

Source: PBL

Built-up and flood-prone 
areas in Mumbai
From 1990 to 2014, the 
built-up area of Mumbai 
expanded by 26%, with
a relatively large share of 
the expansion in flood-
prone areas. This trend 
is projected to continue 
towards 2050, by which 
time around 60% of 
Mumbai will be located 
in flood-prone areas. 
If sea levels would rise 
by one metre, the flood-
prone area would become 
even larger and the num-
ber of people potentially 
exposed would increase 
further.

2010 114 182 799

Rivers

Rivers

0 100%

Safe up to 1990

Built-up area in km2 Flood-prone built-up area in km2

Safe 1990–2014

Safe 2014–2050

Safe 2014–2050 Flood-prone built-up area in case of 1m sea level rise

Source: JRC, PBL

Water
Built-up, up to 2014

Flood-prone area, 2050
2014–2050 Water

0 10 km

Global population growth will concentrate in cities
Globally, the population is increasingly concentrated in cities, 
most of which are located near rivers or the coast. This trend is 
projected to continue, between now and 2050. How flood risks 
and protection of formal and informal settlements will develop, 
depends on future flood-risk strategies.   

Informal settlements 
are the most exposed
In many cities, especially 
in developing countries, 
the inhabitants of infor-
mal settlements make 
up more than 50% of the 
urban population. Water- 
and climate-related 
disasters disproportion-
ately affect people living 
in informal settlements.

The number of people in flood-prone areas in the developing world 
is expanding rapidly. Without attention, flood protection inequality 
between urban formal and informal settlements will increase. 

Formal settlement 
Built on landfill

Informal settlement
Built directly on the riverbed

RiverbedLandfill

UNEQUAL FLOOD 
RISKS WITHIN CITIES
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Level of  loss
in 2010

Decline in freshwater ecosystems with 
high biodiversity levels (in 1000 km2)

Nutrient loading
to coastal seas, 2050
Absolute, x 1000 kg N

Nutrient loading, 2050 
Relative

No outflow areasHigh Low

Loss by
2050

Remaining
in 2050

Canada United 
States,
Mexico  

Europe Central 
and South
America

North
Africa,
Central
Asia

Russia Sub-
Saharan 
Africa

South
and East
Asia

0

500,000

1,000,000

1,500,000

2 ,000,000

In the coming decades, most losses are 
expected to occur in the tropical and sub-
tropical zones in Sub-Saharan Africa, Latin 
and Central America and South and East Asia.

Catchment1,000,000

Quality of coastal
seas threatened
by increased 
nutrient loading

The increase in nutrient 
emissions, towards 2050, 
will also result in an 
increase in nutrient 
loading to coastal 
waters, especially in the 
Asian region. This will 
increase the risk of toxic 
algal blooms and oxygen 
depletion in those waters, 
and will negatively affect 
biodiversity (e.g. coral 
reefs) and ecosystem 
functions, such as aqua-
culture and fisheries.

Projected quality
of freshwater
ecosystems, 2050

In the sparsely populated northern regions,
the quality of freshwater ecosystems will 
be least affected. 

Source: PBL

Level of
original freshwater
biodiversity (%)

Low (0–20)
(20–40)
(40–60)
(60–80)
High (80–100)

No data

Under the Business-as-usual scenario, developments will 
result in further biodiversity loss in nearly 40% of the 
world’s freshwater ecosystems.

Decrease in freshwater 
ecosystems with high levels
of biodiversity
Tropical regions include the most 
biodiverse river basins. High-
quality ecosystems in these 
regions, however, are already 

severely affected and will further 
decline in quality, between now 
and 2050. The strongest decline in 
quality is projected for Sub-
Saharan Africa and parts of Latin 
America and Asia. In developed 
regions, such as Europe, the 

United States and Japan/Oceania, 
most of the decline in quality has 
already occurred. Overall, natural 
biodiversity will be preserved in 
less than 60% of the world’s 
aquatic ecosystems, under the 
Business-as-usual scenario.

Japan, 
Oceania

World

x 10

Source: PBL

Source: PBL

FURTHER BIODIVERSITY 
LOSS TOWARDS 2050
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Likelihood

Im
pa
ct

Top 10 risks in terms of 
Likelihood 

Categories

Top 10 risks in terms of 
Impact

Weapons of mass destruction

Extreme weather events

Natural disasters

Failure of climate-change mitigation and adaptation

Water crises

Cyberattacks

Food crises

Biodiversity loss and ecosystem collapse

Large-scale involuntary migration

Spread of infectious diseases 

Extreme weather events

Natural disasters

Cyberattacks

Data fraud or theft

Failure of climate-change mitigation and adaptation

Large-scale involuntary migration

Man-made environmental disasters

Terrorist attacks

Illicit trade

Asset bubbles in a major economy 

1

2

3

4

5

6

7

8

9

10

1

2

3

4

5

6

7

8

9

10

5.0

plotted
area

3.40
average

average
3.48

2.5 3.0 4.0 4.5

3.0

3.5
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Figure I: The Global Risks Landscape 2018

Source: World Economic Forum Global Risks Perception Survey 2017–2018.
Note: Survey respondents were asked to assess the likelihood of the individual global risk on a scale of 1 to 5, 1 representing a risk that is very unlikely to happen and 5 a risk 
that is very likely to occur. They also assess the impact on each global risk on a scale of 1 to 5 (1: minimal impact, 2: minor impact, 3: moderate impact, 4: severe impact and  
5: catastrophic impact). See Appendix B for more details. To ensure legibility, the names of the global risks are abbreviated; see Appendix A for the full name and description.
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Figure II: The Risks-Trends Interconnections Map 2018

Source: World Economic Forum Global Risks Perception Survey 2017–2018.
Note: Survey respondents were asked to select the three trends that are the most important in shaping global development in the next 10 years. For each of the three trends 
identified, respondents were asked to select the risks that are most strongly driven by those trends. See Appendix B for more details. To ensure legibility, the names of the 
global risks are abbreviated; see Appendix A for the full name and description.
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Risks, uncertainties and opportunities

extreme weather events 

natural disasters 

failure of climate change 
adaptation and mitigation 

water crises 

cyber attacks 

large scale involuntary 
migration 

biodiversity loss and 
ecosystem collapse 

man made environmental 
catastrophes 

food crises 

failure of national 
governments



BLUE MARBLE Dec 7 1972, Apollo 17

A SYSTEMS APPROACH
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DESIGN, PLANNING AND INNOVATION

AMBITION
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enabling 
environment 
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PEOPLE

PROJECTS

>	Collaboration	
>	Consistency	
>	Capacity	building	
>	Commitment	
>	Cross-cutting



 the coalition of the willing  



A Safe Place 
Collaborate (not negotiate) 

Talent Meets Talent 
Inclusive Leadership
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2. ACCELERATE

To meet the targets, we must 
first maximize the potential of 
the existing system. In stead of 
adapting the world to the system, 
we need to adapt the system to 
the world. Secondly, we have to 
establish a network of collaboration 
and partnerships, both public and 
private, in order to reach maximum 
return on investment by developing 
parallel tracks. Do more with less. 
Thirdly, put quality first. If we do 
something and are going to invest in 
it extensively, it better be the best 
imaginable. Fourthly, the highest 
performance in implementation 
follows maximized opportunity 
investments in the concept phase. 
It takes millions to spend billions. LOW PERFORMANCELIMITED

OPPORTUNITIES

O
PP

O
R

TU
N

IT
IE

S

TIME
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      MAXIMIZED
OPPORTUNITIES

HIGH PERFORMANCE

We need millions to spend billions (right)…

Opportunity-Performance Curve. The economic production possibility curve (PPC) shows possible combinations of two goods 
that can be produced with constant resources & technology, resulting in less production of it.  

Similar dynamics take place in development: it is important to keep opportunities open as long as possible.  

Delaying decisions too long can have a negative impact on the project if not managed right and recent studies show that the 
proper management of these options & opportunities has a clear positive impact on the value of the project’s performance.  

Investing more intensively in the concept phase and using that knowledge to actively engage in decision-making, guarantees a 
more extensive performance rate during implementation.  





The Netherlands - culture of living with water
Trade, negotiations and crafts, stubbornness, luck and faith. 

Managing risks and uncertainties. 

The Netherlands is made out of water 

Below sea level: 26%

Liable to flooding: 59%

Above sea level: 29%

Outside the dykes: 3%

Meuse outside the dykes: 1%

County of Holland, 16th Century Woodcut by Sebastian Münster



MAN MAKING LAND: 3500+ DUTCH POLDERS



MAN MAKING LAND: 3500+ DUTCH POLDERS

1122	-	the	first	collabora:on	started	in	the	
Utrecht	area,	where	20	communi:es	worked	

together	on	the	local	embankment



two principles : 

SAFETY 

and 

QUALITY



MAKING LAND: 3500+ DUTCH POLDERS



WATERLAND, WATERCITIES



Transforming the institutional
• 1122: Regional Water Authorities, over 

3000, now 21 

• 1798: Establishment of Rijkswaterstaat 

• 1809-now: Ministry of Water/
Infrastructure (1947: VenW; 2010: 
IenM; 2017: IenW) 

• 1814: Water management in 
Constitution 

• 1916: Disastrous surge that led to 
decisions on previous plans for closing 
the Zuiderzee (Stevin, Kloppenburg, 
Faddegon) 

• 1916: Deltaplan dr Lely 

• 1918: Zuiderzee Law 

• 1953: Watersnoodramp (disastrous 
surge South Western part of the 
Netherlands) 

• 1953: Delta Committee 

• 1958: Delta Law 

• 2007-2017: Room for the River 

• 2008: Delta Committee 

• 2010: Economic approach: Topsector 
Water 

• 2014: Deltaplan accepted by 
parliament (funding until 2050) 

• 2015: Special Water Envoy…



Water quality - from response to 
preparedness



Water quality - from response to preparedness - Woningwet



Water quality - system and governance > Deltaprogram Fresh Water Supply

 

 
 

 

 

Concept 

Kenmerk R001-1224711EMG-V01 

  
 

  - versie 1 - Concept 

 

15\24 

Scenario Drinkwater Voorop 
In dit scenario is drinkwater de meest prioritaire functie. Drinkwater wordt in dit scenario 

gewonnen op de daarvoor meest geschikte plekken. Andere functies, tenzij reeds bestaand, 

worden op deze plekken uitgesloten. Naast de potentiele gebieden voor de winning van 

drinkwater worden in dit scenario ook de nationale grondwaterreserves beschermd. 
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Water quality - innovative and guaranteed



1916 flood  
• Response: Zuiderzee works 
• Enclosure dam of Zuiderzee and 5 polders 

Zuiderzee works



Fish migration river 

Zuiderzee works



1953



Post 1953: Delta works + new 
safety strategy

• Delta commission 

• Delta works scheme 

• Closing off estuaries 

• Compartimention works 

• Shorter coast line and fresh water 
reservoirs 

• New closure techniques,  

• New safety strategy 

• National dike designs based on 
frequency of water levels



1995  
250.000 people 

evacuated



Room for the River: 39 projects – € 2.3 bln



RIVERINE - Room for the River: Waalsprong Nijmegen



Kosten van het programma Zwakke Schakels Kust

apr
2009

Delflandse Kust

Kop van Noord-Holland

Hondsbossche en
Pettemer zeewering

Flaauwe Werk

West Zeeuws
Vlaanderen

Westkapelle

Vlissingen

Scheveningen

Noordwijk

Noordwijk

Voorne

nov
2004

programmabudget

sep
2007

apr
2008

aug
2008

dec
2008

743

572,5

653,8

834,9

782,7

Ontwikkeling totale geraamde kosten programma Zwakke Schakels Kust

Onderverdeeld naar project, op zes momenten in de tijd
(in miljoenen euro’s)

De Nederlandse kust telt enkele ‘zwakke schakels’. De zeewering voldoet hier niet meer aan de 
veiligheidsnorm. Dit is gebleken uit een toets die in 2003 is uitgevoerd. Op tien plaatsen laat het 
Ministerie van Verkeer en Waterstaat de zeeweringen versterken. Hiervoor is het programma 
‘Zwakke Schakels Kust’ opgezet. De tien locaties moeten vóór 2015 zijn aangepakt. Het ministerie 
heeft hiervoor een programmabudget gereserveerd van € 743 miljoen. 

Belangrijke kostenfactor: de prijs van zandsuppletie

De prijs die betaald moet worden voor het winnen van zand uit de zeebodem en het opspuiten 
daarvan op het land, heeft grote invloed op de kosten van het programma. Voor strand- of 
duinopspuiting zijn namelijk tientallen miljoenen kubieke meters zand nodig.

Geraamde zandprijs per project, per m3

Doel: veiligheid én ruimtelijke kwaliteit

Sober alternatief

Het programma Zwakke Schakels Kust richt zich op gelijktijdige verbetering van de veiligheid en de ruimte-
lijke kwaliteit. Deze dubbeldoelstelling leidt tot hogere kosten voor het Ministerie van Verkeer en Waterstaat. 
Dat zit hem niet in de benodigde investeringen in de ruimtelijke inrichting; de decentrale overheden ter 
plaatse dragen deze kosten. Maar het bijbehorende veiligheidsalternatief (bijvoorbeeld: zandsuppletie) is in 
veel gevallen duurder dan een eenvoudige oplossing als dijkverhoging, die ook voldoet aan de veiligheids-
norm. De meerkosten bedragen voor het gehele programma tot nu toe rond de € 107 miljoen (14%).  

Hoe worden de kosten in opeenvolgende projectfasen beheerst?

Per fase, per project (in miljoenen euro’s)
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0

Bij de meeste kustprojecten 
blijven de geraamde kosten in 
de opeenvolgende projectfasen 
vooralsnog min of meer stabiel. 

verkenning planstudie na aanbestedingsubsidieverlening

De soberste oplossing zou zijn het simpelweg verhogen van de dijken langs 
de kust. Veiligheid (voorkomen van overstromingen) is dan het enige doel. 

Kustversterking met behulp van zandsuppleties 
(opspuiten van zand) is duurder. Maar deze oplossing 
maakt een ruimtelijke inrichting mogelijk die de 
natuur, het landschap en/of de recreatie in de om-
geving ten goede komt. Dat betalen de regionale 
overheden.
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Bij de start van het program-
ma werd uitgegaan van een 
zandsuppletieprijs van € 3 per 
kubieke meter. Dat bleek echter 
een historisch lage prijs; eind 
2008 lag de prijs rond de�€ 7 
per kubieke meter.

Kostenverdeling 
bij het project ‘Noordwijk’

722,1

Voorkeursalternatief

Delflandse Kust

West Zeeuws
Vlaanderen

Vlissingen
Westkapelle
VoorneScheveningen

Hondsbossche en
Pettemer zeewering

Kop van Noord-Holland

btw
16%

opdracht-
geverskosten
waterschappen
9%

overige
bijkomende
kosten
5%

overige directe
bouwkosten
18%

project
onvoorzien

6%

zand-
suppletie
46%

In Noordwijk is de aanpak van de kustversteviging het verst gevorderd. 
De verdeling van de uitgaven over de diverse kostenposten ziet er hier als 
volgt uit. We zien dat bijna de helft van de uitgaven betrekking heeft op 
kosten voor zandsuppletie.

Deze informatie is gebaseerd op een onderzoek van de Algemene Rekenkamer.    Over de uitkomsten is de Tweede Kamer in het najaar van 2009 per brief geïnformeerd. Deze poster is een bijlage bij de betreffende brief.

Flaauwe Werk



Dike in Dune - parking garage Katwijk





Tweede Maasvlakte





COASTAL	-	Zandmotor “sandmotor”



URBAN - Watersquares Rotterdam





Abc
Abc

The objective of Amsterdam Rainproof is to join together in making the city 
resistant to increasingly frequent heavy showers. But there is more: 
Amsterdam Rainproof aims not to discharge the free rainwater but to use it 
better. Heavy showers cause damage, primarily because the city is covered with 
buildings, asphalt and paved gardens. Not a drop gets through.

The platform gathers together all ideas, initiatives and information. There is a 
way for everyone to contribute. Having a water butt in the garden might seem 
like bailing out an ocean with a thimble, but Rainproof Amsterdam is ultimately 
the result of all efforts – large and small. Every drop counts! Various parties are 
working closely together on the project, from water boards and knowledge 
institutions to citizen initiatives and companies.

Status: completed

18

Amsterdam Rainproof  
A network platform for dry feet and an attractive city
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Amsterdam Rainproof  
A network platform for dry feet and an attractive city  



Kristalbad  
A combination of water storage, natural water purification and recreation  



Eendragtspolder  
Combines on 300 hectares international sports facilities and 4 million m3 waterstorage



enabling environment 

&  

institutional capacity



Institutional capacity 
• 1122: Regional Water Authorities, over 

3000, now 21 

• 1798: Establishment of Rijkswaterstaat 

• 1809-now: Ministry of Water/
Infrastructure (1947: VenW; 2010: 
IenM; 2017: IenW) 

• 1814: Water management in 
Constitution 

• 1916: Disastrous surge that led to 
decisions on previous plans for closing 
the Zuiderzee (Stevin, Kloppenburg, 
Faddegon) 

• 1916: Deltaplan dr Lely 

• 1918: Zuiderzee Law 

• 1953: Watersnoodramp (disastrous 
surge South Western part of the 
Netherlands) 

• 1953: Delta Committee 

• 1958: Delta Law 

• 2007-2017: Room for the River 

• 2008: Delta Committee 

• 2010: Economic approach: Topsector 
Water 

• 2014: Deltaplan accepted by 
parliament (funding until 2050) 

• 2015: Special Water Envoy…



Water Governance in the Netherlands: Fit for the Future? © OECD 2014 

The last episode of major floods in 1953 

triggered responses that relied on large 

structural solutions and construction projects 

(the Delta Works) based on a traditional 

engineering and “defensive” approach to water 
management. More recently, a new paradigm 

has emerged to make “room for the river”, 
combining innovative architecture, 

urbanisation and landscape solutions to build 

with nature and live with water.  

This new adaptive perspective (“the Delta 
Works of the future”), along with rising 

concerns about the consequences of climate 

change for water safety and freshwater supply 

motivated the adoption of the Delta Act in 

2012. The Act established the Delta 

Programme, the Delta Commissioner and the 

Delta Fund to advance an adaptive governance 

approach to respond to the country’s current 
and future challenges on water safety and 

freshwater supply. 

Institutional layers of water management in the Netherlands 

 

Ministry of Infrastructure and the Environment
Water, spatial planning and flood protection at national level

Planning of the national water policy
Co-ordination with other policy areas (spatial planning, 
environment, economic development, agriculture, etc.)

European level

National level

European Union

Legislation and regulation for water, 
floods and the environment

International River Basin Commissions 
(Rhine, Scheldt, Meuse, Ems)

Cross-border water management

National Water Authority

Operation and maintenance of main water system

Regional water authorities (24)
Operation and management of regional water systems

Flood defence

Water quality & water quantity

Wastewater transport & treatment

Municipalities (408)
Local spatial planning

Sewerage collection & wastewater transport

Urban drainage

Stormwater collection

Municipal levelWatershed level

Provinces (12)
Integrated spatial and environmental planning

Supervision of regional water authorities (RWAs)
Groundwater regulation

Co-ordination with other regional policy areas

Provincial level

and Watermanagement 



4 

Overview of OECD Principles on Water Governance 

 

The OECD Principles on Water Governance are expected to contribute to improving the “Water 
Governance Cycle” from policy design to implementation. 

The Water Governance Cycle 

Source: Forthcoming, OECD Working Paper, 2015, Water Governance Indicators  
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DUTCH DELTA APPROACH

Multi-layered approach: 

3. RESPONSE: 
Disaster management 

2. PLAN 
Land use planning    
(new developments, 
vital infrastructure) 

1. PROTECT 
Dam's, dikes, levees, 
dunes,....



• Delta Act, legal base for Delta 
program, fund and commissioner 

• Delta Program (providing 
continuous implementation),  

• Delta Fund, 1.0 bln є / yr 
(providing financial stability), 

• Delta Commissioner (providing 
leadership),  

• Delta decisions (providing strategic 
direction for the long term). 

Proper organization: prerequisites 
for future-proof implementation

The Delta Programme goals: 

Safety against flooding  

and adequate freshwater supply 

also at the end of the century.

�80



7.4.2 Ambition and strategy

We will expedite and intensify the realisation of a water-resilient and climate-proof design by
working on seven ambitions:

1. mapping out vulnerabilities;
2. conducting a risk dialogue and drawing up a strategy;
3. drawing up an implementation agenda;
4. capitalising on linkage opportunities;
5. promoting and facilitating;
6. regulating and embedding;
7. responding to disasters.

The above ambitions have been formulated in concert during the preparation of this Delta Plan,
and thus expressly reflect the ambitions of all government authorities involved: municipalities,
district water boards, provinces, and the central government. In part, the seven ambitions can be
substantiated concurrently and the sequence may differ from one location to the next. Any steps
that have already been taken constitute the point of departure for the new approach. And at
locations at which bottlenecks have already been identified, the parties will take no-regret
measures in anticipation of the vulnerabilities analysis and the dialogue. After all, this Delta Plan
is intended to boost rather than stem the implementation.

ƄĩƁĩſĩž :apping out Úulnera�ilities
How will extreme precipitation, heat, drought, and urban flooding affect our cities, villages, and
rural areas? Insight into the vulnerability to weather extremes is the foundation that underpins
spatial adaptation. For that reason, by no later than 2019, the aggregate municipalities, district
water boards, provinces, and the central government (including Rijkswaterstaat) will conduct
stress tests, in collaboration with the stakeholders in their area, to map out its vulnerability,
insofar as such a test has not yet been conducted. The stress tests will subsequently be repeated
every six years. Municipalities, district water boards, provinces, and the central government are
setting down regional agreements regarding collaboration in these analyses, in order to safeguard
uniformity and to capitalise on the expertise available. They will embed these agreements in their
policies; in the future, the agreements will be incorporated into the Environmental Visions and
Environmental Plans.

Fi�ure ąć
Seven ambitions
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 Adaptation
Measures to render the 
 Netherlands climate-proof 
and water-resilient

Bellamyplein water square, Rotterdam, 2017
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Hurricane Irma – Sint Maarten



PPP HACK-A-THON SINT MAARTEN



global coalition 

let’s work TOGETHER



Verenigde Staten
New York: advies over 
resilience en klimaat, 
samenwerking met 
Rockefeller Foundation.

Verenigde Staten
Boston: samenwerking 
voor klimaatadaptatie.

Verenigde Staten
Miami: samenwerking 
helpen opzetten in de 
regio, ook met Nederlandse 
waterbedrijven en 
universiteiten.

Verenigd Koninkrijk
Adviseur parlementaire 
commissie na overstromin-
gen 2015 voor integrale 
wateraanpak.

Argentinië
Samenwerking gericht op 
de waterveiligheid (klimaat) 
in de Parana Delta.

CanadaAdviseur resilience 
Adviseur resilience voor 
Toronto Waterfront en 
economische diplomatie 
voor de Nederlandse 
watersector.

Verenigde StatenAdviseur 
Betrokken bij Great Lakes 
Initiative voor rights on 
nature.

Verenigde StatenAdviseur 
San Francisco: initiator en 
jurylid Bay Area Resilient 
by Design Challenge.

Verenigde StatenAdviseur 
Los Angeles: samenwerking 
met Frank Gehry voor
LA River Project.

Mexico
Samenwerking met de 
regering voor resilient cities 
en het mede opzetten van  
een plan voor kustveilig-
heid met pilot in Cancun.

Panama
Samenwerking met de 
locoburgemeester van 
Panama City op het gebied 
van disaster response, 
water, klimaat en stedelijke 
ontwikkeling.

Peru
Adviseur van de regering bij 
aanpak overstromingen en 
reconstruction by change, 
economische diplomatie 
met Nederlandse water- 
bedrijven.

Chili
Adviseur van de regering 
over water governance, 
kennisuitwisseling en 
vergroten waterbewustzijn, 
economische diplomatie 
met o.a. Deltares.

Verenigde StatenAdviseur 
New Orleans: samen-
werking voor resilience
en waterveiligheid. Colombia

Adviseur van de 
burgemeester van Bogota 
over water, klimaat en stad.

Zuid-Afrika
Adviseur van de minister 
over waterbeleid, met o.a. 
Unie van Waterschappen, 
economische diplomatie 
met Nederlandse bedrijven 
in waterdata.

Zuid-Afrika
Adviseur Kaapstad voor 
stedelijke ontwikkeling en 
water/klimaat.

Mozambique
Stedelijke ontwikkeling, 
masterplanning, klimaat
en water, economische 
diplomatie met Nederlandse 
bedrijven in haven- 
ontwikkeling.

Myanmar
Adviseur van de regering 
en Yangon over water, 
klimaat en verstedelijking, 
Delta aanpak met andere 
internationale partijen.

Singapore
Samenwerking op het 
gebied van water, fellow van 
Center for Liveable Cities, 
economische diplomatie 
Nederlandse watersector.

Australië
Internationale samenwer-
king en hulp bij opzetten 
trilaterale samenwerking 
in Zuidoost-Azië op het 
gebied van water.

Vietnam
Adviseur van de regering 
over Mekong Deltaplan.

Japan
Hulp bij opzetten van  
samenwerking in 
Zuidoost-Azië op het 
gebied van water.

India
Adviseur van de stad 
Chennai na overstromin-
gen, met o.a. Rockefeller 
Foundation, Word Bank, 
ADB, Deltares en Arcadis.

Egypte
Samenwerking op het 
gebied van water, klimaat 
en waterveiligheid 
Middellandse Zeekust.

Bangladesh
Adviseur van de regering 
over Bangladesh Delta Plan.

De waterdreigingsmeter laat 
zien welke regio’s kwetsbaar 
zijn voor watergerelateerde 
rampen zoals droogte of 
overstromingen. De meter is 
samengesteld op basis van
de Aqueduct Water Risk Atlas.

hoog risico

laag risico

Natuurrampen in 2016

Landen met, soms ook 
gewelddadige, politieke 
conflicten die met water te 
maken hebben.

Waterdreigingsmeter

Klimaatgerelateerde rampen
extreme temperaturen, 
droogte, natuurbranden
Hydrologische rampen
Overstromingen, aard-
verschuivingen
Meteorologische rampen
Tropische stormen, tornado’s 
en andere extreme stormen

Politieke conflicten
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georganiseerde Spelen een reactie zouden kunnen 

zijn op langetermijnontwikkelingen in de wereld. In 

het eerste model Deltapolis verandert het ruimtelijk 

model van de Spelen en blijven zowel het organisa-

tie- als het businessmodel ongewijzigd. In het 

model Virtual Games veranderen zowel het ruimte-

lijk als businessmodel, het organisatiemodel blijft 

ongewijzigd. In het model Global Games tenslotte 

veranderen het business-, ruimtelijk en organisatie-

model van de Spelen. 

In elk van de drie modellen worden de Olympische 

Spelen opnieuw uitgevonden op een moment 

waarop de houdbaarheid van het huidige model van 

de Spelen onder druk staat. De Nederlandse Olym-

pische ambitie zou zich daarom kunnen onderschei-

den door het aanbod de Olympische Spelen niet te 

organiseren, maar te veranderen. Een Nederlands 

bid zou daarbij betekenis - en momentum - kunnen 

krijgen door het utopisch potentieel van de Spelen, 

als verbindend (inter)nationaal project, te gebruiken 

voor het denken over en het vormgeven aan de 

mondiale urgenties van de eenentwintigste eeuw. 

Max Cohen de Lara en David Mulder

1 http://www.london2012.com/documents/general/london- 

 2012-media-fact-pack.pdf

 http://www.bostonglobe.com/sports/specials/olympics

 http://www.guardian.co.uk/sport/video/2012/jan/03/ 
 

 olympics-2012-numbers-animation

 http://www.metro.co.uk/news/292291-olympic-tax-rebels-

 face-jail-for-33-33-bill
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Changing the world starts with key projects, with people 
and places with transformative capacity



.AME��Dutch River Region
0OPULATION��4 million 
5RBAN�OR�RURAL��Rural
!BOVE�OR�BELOW�SEALEVEL�� 
Just above
4OTAL�INVESTMENT��EUR 2.3  
billion

Extremely high water levels. That 
is the greatest challenge the river 
region in the Netherlands faces 
today. In 1993 and 1995, water 
levels in the Netherlands reached 
a critical level, weakening the 
dikes to the point of collapse. A 
quarter of a million inhabitants 
had to be evacuated, along with 
one million cattle. As heavy rainfall 
is becoming more common – and 
will become even more so in the 
future – the Dutch government is 
continually working on ensuring  
the safety of the river regions 
through programmes such as Room 
for the River.

Reinforcing dikes is not an adequate 
solution. In order to drain excess 
water into the sea, measures must 
also include widening and deepening 
rivers. At more than 30 locations, 
the Room for the River Programme 
allows rivers more space, for 
example by moving dikes, digging 
secondary channels and deepening 
flood plains.

The Room for the River Programme 
uses a globally innovative approach 

to protect areas against river 
flooding. Giving the river more room 
not only protects the river regions 
from floods but also improves the 
overall quality of the area, with 
new nature and recreational areas 
as an added bonus. In short, an 
integrated approach improves 
both safety and spatial quality. 
Multiple Dutch partners including 
central government, and local 
provinces, municipalities and water 
boards, companies and NGOs 
are implementing the Room for 
the River Programme. This close 
cooperation between national and 
regional governments ensures 
support and reduces the risk  
of delays.

Room for the River is a pilot 
programme for the Dutch Delta 
Programme, which is designed to 
prepare the Netherlands for extreme 
natural events. The main objective 
of this programme is to make water 
safety and freshwater supplies 
sustainable and predictable by 2050. 
The Dutch Delta approach is based 
on five Ds: Delta Act, Delta Fund, 
Delta Commissioner, Delta Decisions 
and Delta Programme. The so-called 
Delta Decisions, for example guide 
the concrete approach to the Rhine-
Meuse delta with regard to water 
storage and drainage, and the need 
for new dams or dikes.

www.ruimtevoorderivier.nl/english

THE NETHERLANDS
ROOM FOR THE RIVER 
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.AME��Bangladesh Delta
0OPULATION��155 million 
5RBAN�OR�RURAL��Rural,  
with several rapidly 
urbanising cities
!BOVE�OR�UNDER�SEA�LEVEL�� 
Just above 
4OTAL�INVESTMENT��EUR 
7.65 million

Bangladesh, encompassing 
the Ganges-Brahmaputra-
Meghna river systems, 
can in many respects be 
considered one of the 
most dynamic deltas in 
the world. Huge amounts 
of water and sediment 
often exceed the carrying 
capacity of Bangladesh’ 
rivers. Cyclones and coastal 
floods, intensified by climate 
change effects, and a range 
of socio-economic trends, 
pose additional challenges. 
The Bangladesh Delta Plan 
2100 (BDP2100) attempts 
to address these issues 
by developing a long term, 
holistic delta vision and 
adaptive strategy. 

Amongst socio-economic 
trends are a rapidly increasing 
population and a growing 
demand for food. The already 
high pressure on available 
land adds to the complexity of 
water-related problems  

in the Bangladesh Delta, which 
all need to be addressed in 
order to support sustainable 
living conditions and continued 
economic growth. 

The Bangladesh Delta Plan 
aims to deliver an umbrella 
development vision, strategy 
and implementation plan 
that can act as a frame 
of reference for new 
governmental policy, thereby 
supporting the integration of 
existing sectoral development 
plans. At the same time it  
aims to provide anchorage  
for numerous on-going 
projects and no-regret 
measures to delta challenges 
in the short term.

A range of stakeholders is 
involved in an interactive 
manner, ensuring the 
necessary institutional 
support for the development 
and implementation of the 
programme. BDP2100 links 
with the Five Year investment 
plans, which are coordinated 
by the Government of 
Bangladesh. Importantly, the 
Bangladesh Delta Plan will 
build on insights from the 
Dutch Delta Programme and 
the Mekong Delta Plan.
 
www.bandudeltas.org

BANGLADESH 
INTEGRATED DELTA PLANNING 

�
�
ª�
�
�
��
�
�
v�

.
��

�
ª�
�
�
��
�
�
v�

%

long-term approach vs. 
short-term measures

cooperatIon wIth other 
government levels and 
stakeholders

Integrated approach
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.AME��Nile Delta
0OPULATION��10 million 
5RBAN�OR�RURAL��Urban  
and rural
3EA�LEVEL��Just above
4OTAL�INVESTMENT��EUR 2.4 
million 

The Nile delta is heavily 
populated, with up to 1,600 
inhabitants per square kilometre. 
The Nile delta coastal zone 
encompasses more than 40% 
of Egypt’s industries and hosts 
vital centres for tourism, 
agriculture and fish farms. By 
the year 2075, a coastal area of 
about 500 km2 will be vulnerable 
to flooding. The sandy barrier, 
separating the inland lakes from 
the sea, is very narrow and low 
lying, presently subject to strong 
erosion. 
 
A UNDP report on climate change 
impacts estimates that hundreds 
of billions of Egyptian pounds, 
about 2 to 6% of future gross 
domestic product, could be lost 
from effects of climate change 
on water resources, agriculture, 
coastal resources and tourism. 
Thousands could die from air 
pollution and heat stress. Millions 
could lose jobs in agriculture as 
the result of climate change. In a 
middle scenario of sea-level rise, 
about 40 km2 of agricultural land 
will be lost by the year 2060. 

The Egyptian-Dutch High Level 
Water Panel, established 38 
years ago, addresses these very 
urgent coastal zone challenges. 
Dialogues, knowledge exchange 
sessions and preparatory studies 
led to a public procurement for 
the development of an Integrated 
Coastal Zone Management 
strategy (ICZM) and a shoreline 
management plan for the 
Egyptian Mediterranean Coast 
from the Libyan border to the 
Gaza border. It should recognise, 
incorporate and address the 
concerns of all stakeholders 
through a well-defined and 
structured participatory 
approach. 

Next to the tremendous natural 
challenges there are also a 
number of institutional and legal 
challenges. The institutional 
framework for addressing 
responsibilities in Egypt is 
complex and sometimes unclear. 
Cooperation among agencies is 
limited. The ICZM strategy must 
incorporate all required legislative 
and institutional changes that 
would facilitate the adoption, buy-
in, and seamless development and 
implementation. The project, with 
a total budget of EUR 2.4 million, 
will be funded by Europeaid and 
should start by the end of 2014 
and be finished within 30 months. 

EGYPT 
NILE DELTA NEEDS A SHORELINE MASTER 
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Integrated approach
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.AME�OF�DELTA��Ayeyarwady 
Delta
0OPULATION��6.6 million
!BOVE�OR�BELOW�SEA�LEVEL��+3 m
5RBAN�OR�RURAL��Rural

The Ayeyarwady Delta in 
Myanmar is extremely fertile. 
The area, which is plagued by 
floods, salinity and erosion, 
can play an important role in 
the economic development of 
this Southeast Asian country. 
The first step is to assess the 
vulnerabilities and, in particular, 
the resilience of the delta. 
 
At about three metres above sea 
level, the  
delta’s sediment plays a dominant 
role in the large-scale cultivation 
of rice. The delta region is densely 
populated and is dotted with 
fishing communities in villages 
and market towns,  
mostly located along the rivers 
and streams.  
That is why the destruction 
caused by Cyclone Nargis in May 
2008 was so catastrophic, causing 
nearly 140 thousand casualties 
and severe economic damage. 

Myanmar has asked the 
Netherlands to take the lead 
in drawing up an adaptive, 
integrated water management 
plan for both the delta and 

the rest of the country to cope 
with Myanmar’s expected huge 
economic growth and increasing 
pressure on water resources as 
a result of this. Delta Alliance 
Partners Deltares and Alterra 
are conducting a Vulnerability 
and Resilience Assessment 
Ayeyarwady Delta study, which 
is financed by the Global Water 
Partnership (GWP) and Bay of 
Bengal Large Marine Ecosystem 
(BOBLME).

The Ayeyarwady Delta is 
currently still, for the most part, 
underdeveloped. Uncoordinated 
exploitation of its resources in 
some areas may pose serious 
threats to the health of the 
delta. Effective, cross-sectoral 
management of the water system, 
in which local stakeholders are 
involved, will lead to sustainable 
solutions in the long term. The 
list of problems may seem long: 
Mangroves are cut down for fuel, 
there is overfishing, river bank 
erosion and deterioration of water 
quality as a result of salinisation. 
However, by applying Integrated 
Water Resources Management 
(IWRM), the delta can be used 
by the local people without 
compromising the integrity of 
these systems or overexploiting 
their natural resources. 

MYANMAR 
MAKING USE OF THE RESILIENCE OF 
THE DELTA 
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.AME��Beira
0OPULATION��0.6 million
5RBAN�OR�RURAL��Urban
3EA�LEVEL��Just above 
4OTAL�INVESTMENT�� 
Approx. EUR 2 million

Beira and Rotterdam: two 
low-lying cities in densely 
populated deltas with 
ports serving a massive 
hinterland. People keep 
flocking to Mozambique’s 
seaport and settling in 
low-lying areas that are 
not fit for habitation. 
Waterborne diseases, 
especially malaria, are 
rampant and the city’s 
infant mortality rate is 
dramatically high. What 
can Beira learn from its 
Dutch counterpart? 
 
Focusing solely on water 
safety and water supply 
in these neighbourhoods 
means you are only 
addressing part of the 
problem. In addition 
to water safety, the 
integrated approach of 
the Beira Master Plan 
2035, which has been 
commissioned by the 
Beira Municipality and 
drawn up in consultation 
with all stakeholders in 
the city, aims to stimulate 

both land development 
and economic growth. 
One important insight 
and result gained during 
the development process 
of the Beira Master Plan 
is the need for a public-
private Land Development 
Company (LDC).  
A company responsible for 
site preparation and for 
allocating suitable parcels 
of land for housing and 
business purposes. The 
Beira Municipality drew 
up the master plan in 
association with a Dutch 
consortium, aided by 
funding from the Dutch 
Global Water programme. 
The establishment of 
the LDC, again with help 
from the Netherlands, is 
currently underway.

The next step is preparing 
land development 
business cases aimed 
at generating concrete 
investment projects. 
At the request of the 
Beira Municipality, Dutch 
experts will remain 
actively involved. Detailed 
financial engineering and 
the inclusion of crucial 
development partners  
will be the next step  
after that. 

MOZAMBIQUE
A MASTER PLAN FOR BEIRA 
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.AME��Vistula and Oder 
Delta
0OPULATION��2 million 
5RBAN�OR�RURAL��Urban  
and rural
!BOVE�OR�BELOW�SEA�LEVEL��
-1.8 m to +2.5 m

Poland is a country of water, 
although it does not have a 
reputation as such. Almost 
all major Polish cities are 
located by the sea or a river 
and are directly influenced 
by water. Sometimes, as is 
the case with the Vistula and 
Oder Rivers, which run from 
the mountains in the south 
to the Baltic Sea and the low-
lying, flat deltas in the north, 
the influence of water is too 
great. The one-dimensional 
river system set up in the 
past is highly susceptible to 
flooding.
 
In the last century, 
various Polish rivers were 
canalised and subsequently 
poorly maintained. Water 
management was considered 
an architectural problem, 
with concrete as the solution. 
Little attention was paid to the 
natural behaviour of rivers, 
resulting today in flooding 
problems causing annual flood 
damages of up to EUR 3 billion 

in 2010 alone. In addition, cities 
such as Warsaw and Cracow 
are unable to exploit the social, 
economic and ecological 
potential of their rivers to 
the full.

Awareness that things can 
and must change is gaining 
ground in Poland, which is 
also being affected by climate 
change. Economically, the 
Central European country is 
doing well. Poland is reaping 
the fruits of EU membership, 
also in terms of knowledge 
exchange. There are valuable 
lessons to be learned from the 
Netherlands and the Dutch 
Delta Programme in terms of 
its holistic, integrated approach 
to spatial planning and water 
management.

In the coming years, aided 
by Dutch knowledge and 
innovation and European 
funding, efforts will focus 
on ensuring water safety in 
the form of infrastructure, 
retention and limiting building 
in areas susceptible to flooding. 
This alternative approach will 
make room for nature while 
creating opportunities for 
tourism, recreation and nature 
development, both in flood 
plains and on city shores.

POLAND 
WATER KNOWLEDGE HAS 
ECONOMIC POTENTIAL
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.AME��Mekong Delta
0OPULATION��17 million 
(expected shrink to 15 or 
growth to 30 million)
5RBAN�OR�RURAL��
Urbanisation 28% 
!BOVE�OR�UNDER�SEA�LEVEL��
Greater parts + 1.5 m

In the past decades, the Mekong 
Delta, with its rich land and 
water resources, successfully 
developed into the granary of 
the country and turned Vietnam 
into one of the leading rice 
exporters globally. On the other 
hand, the economic development 
of the delta lags behind other 
regions in the country. In its 
present state, the Mekong 
Delta is very vulnerable. Floods, 
droughts and salinity are 
dominant problems, hampering 
a prosperous and sustained 
economic development. 
 
Inspired by the experiences in the 
Netherlands, the Government of 
Vietnam expressed the strong 
intention to work towards a 
Mekong Delta Plan for a safe, 
prosperous and both economically 
and environmentally sustainable 
development of the delta. It 
presents a vision to use the 
comparative advantages of the 
delta and focus on agro-business 
industrialisation. Organisation of 

the agricultural producers enables 
a better position to reduce 
transaction costs, platforms 
for more sustainable land and 
water resources management, 
improvement of product quality 
and competitiveness.

Diversification over the provinces 
is necessary to adapt as much 
as possible to available land 
and water resources. Important 
examples are a saline coastal 
zone with room for aquaculture 
integrated with mangrove 
restoration and in the upper delta 
controlled flooding with water 
retention and fish farming in the 
flood season instead of a third rice 
crop. Still, large-scale measures 
to guarantee flood protection 
and fresh water availability may 
be required when climate change 
causes persisting sea level rise 
and droughts. 

The plan offers an assessment 
framework for government, 
donors and international financial 
institutions for moving from 
planning to implementation. The 
plan enjoys broad support –  
from the World Bank, the Asian 
Development Bank, the United 
Nations and countries such as 
Australia and Germany.

VIETNAM 
MEKONG DELTA PLAN: LONG-TERM 
VISION AND STRATEGY 
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.AME��Upper valley of the Cauca 
River
0OPULATION��4,5 million 
5RBAN�OR�RURAL��Rural and urban
3EA�LEVEL��+1,000 to +1,200 m
4OTAL�INVESTMENT��Approx. EUR 
2.5 million

Inundation in the Cauca Valley 
has caused  major socio-
economic damage. As the valley 
is an important agricultural 
region  representing the heart of 
Colombia’s sugarcane industry, 
flooding also affects Colombia’s 
national economy. The challenge 
is to limit the risk of flooding from 
the river and tackle the problem 
of insufficient drainage while 
paying sufficient attention to river 
ecology recovery. This requires 
balancing the interests of a large 
number of stakeholders.
 
Due to the flat nature of the Cauca 
Valley, the area suffers from fre-
quent flooding, the last of which 
occurred in 2011. The ministry, the 
local councils and the farmers own-
ing land adjacent to the river are all 
responsible for flood safety, which 
makes the process of reaching 
agreements far from easy.  
The economic interests of  
the sugarcane farmers are great. To 
strike the right balance between the 
desired level of safety and  
a healthy river ecosystem it is  

vital that all stakeholders participate 
in the development and implemen-
tation of a flood risk management 
plan.

The Regional Autonomous Corpora-
tion of the Cauca Valley (CVC) plays 
a central role in this initiative. With 
support from a Dutch consortium, 
CVC experts analyse present water 
safety levels and assess the effects 
of potential measures.  
They draw up a master plan using 
the experience from the Dutch 
Room for the River Programme. 
This includes an active participation 
of stakeholders and an integrated 
approach.

Dutch experience has shown that 
stakeholders need to be involved 
in an active and timely manner. It 
is important to provide the right 
level of detail during the develop-
ment process, moving from general 
concepts to concrete actions. Ulti-
mately, the individual landowners 
and local councils are responsible 
for the implementation of structural 
or physical measures. The CVC can 
assist in the implementation of non-
structural measures such as subsidy 
programmes, training programmes, 
regulation and enforcement. The 
project also includes searching 
for funding from external sources, 
such as the World Bank or the Inter-
American Development Bank.

COLOMBIA
BALANCING INTERESTS AROUND  
THE CAUCA RIVER

�
ª�
�
�
��

�
�.

��
�
�
ª�
�
�
��

�
�7

�

Integrated approach

cooperatIon wIth other 
government levels and 
stakeholders

fInance and ImplementatIon

supported analysIs

21



.AME�OF�DELTA��North East  
region USA
0OPULATION��NYC 9.5 million,  
New Jersey 8.8 million 
5RBAN�OR�RURAL��Urban
!BOVE�OR�UNDER�SEA�LEVEL���2.5 
metres (lowest point NYC)
4OTAL�INVESTMENT��USD 930 
million

Hurricane Sandy painfully clarified 
the implications of climate change 
for the north-eastern region of 
the United States, exposing the 
vulnerabilities of the area. Since 
then the affected region has not 
just been rebuilt, but solutions are 
being sought that are in line with 
the natural and socio-economic 
characteristics of the region. Not  
a plan, but a culture change.
 
In the autumn of 2012, 650,000 
homes and hundreds of thousands of 
companies in the largest metropolis 
of the nation were damaged or 
destroyed. In response, President 
Obama appointed the Hurricane Sandy 
Rebuilding Task Force in order to 
deliver aid, help and respond effectively 
and coordinate the rebuilding of the 
New York – New Jersey region. To 
become more resilient to climate 
change the Sandy Task Force, together 
with philanthropy, set up an ambitious 
project: Rebuild By Design (RBD). 

After Hurricane Sandy revealed 
alarming infrastructural, environmental 

and social vulnerabilities, RBD 
assembled 10 teams (out of 148) of 
architects, engineers, planners and 
environmental scientists to undertake 
a regional research-intensive design 
process, identifying environmental 
concerns and developing strategies 
that will have a significant impact on 
the region and its communities. RBD 
is positioned not just to rebuild after 
the storm, but also to design a more 
sustainable and resilient region over  
the long term.

The designs combine innovation 
and regional strategy with location-
specific, customised solutions. Each 
design team is made up of a coalition 
of local stakeholders including 
government officials, entrepreneurs, 
residents, researchers, NGOs and 
other organisations. This level of 
cooperation is unprecedented and has 
a strong Dutch flavour. 

The same is true for the innovative 
designs – with members in six out 
of 10 teams, the Dutch are well 
represented here, too. The winning 
Rebuild by Design projects were 
announced in June 2014. The city of 
New York and the states of New York 
and New Jersey are responsible for 
implementation of the projects. An 
initial billion dollars of federal funding 
has been received for the realisation 
of the six projects.

www.rebuildbydesign.org 

Integrated approach

 InnovatIon

fInance and ImplementatIon

supported analysIs

NEW YORK (USA)
REBUILD BY DESIGN AFTER HURRICANE SANDY 
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momentum, leapfrog



Launch 
June 20 2013

Select 10 Teams 
August 8 2013

Present Research and opportunities 
October 28 2013

Present final designs 
April 3 2014

Research DesignCompete Implement

Select 6 winners 
June 2 2014



10 TEAMS 

1 REGION



IMPLEMENTATION - building and learning

$920 M CDBG DR



“…building on the successful model set forth by HUD’s Rebuild by 
Design competition.”

REPLICATE NATIONALLY



“…building on the successful model set forth by HUD’s Rebuild by 
Design competition.”

REPLICATE INTERNATIONALLY



Sandy, NY USA:  
post disaster clean up the mess 

>>  

pre-disaster, prepare, be ready, resilient!



REPLICATE REGIONALLY
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How can these tools be applied in the Bay Area?

Potential impact on the Bay Area

Climate change adaptation benefits
In The San Francisco Bay area are maintained several monitoring networks by different organizations, 
e.g. water quality in some Nature reserves by the U.S. Natural Park services, water quality and sediment 
of the Bay Area by SFEI, water levels of the Bat area by the Army Corps of Engineers, groundwater 
levels at random locations by the USGS and many more. Monitoring efforts could be improved after a 
discussion about needed monitoring objectives, followed by evaluating the existing networks. It’s 
clear that monitoring need to be improved in this time of Climate Change and Sea Level. Therefore all 
organizations should work together and design one ‘water and subsurface’ network, strengthen each 
other and in agreement with the objectives. In the following table all monitoring topics are summarized. 
Of course, an optimized integral monitoring can be partly based on existing sites. 
Eutrophication of the Bay Area example: To understand this process Bay water need to be sampled 
at different locations and depths (condition monitoring). To understand this condition several other 
impacts need to be monitored at the same time: the amount and quality of waste water discharge 
into the Bay, the amount and quality of stream discharges, the influence of Sacramento River, the 
temperature of the Bay, and the interaction with Bay dredge.

Towards one integrated and public accessible monitoring network for all water and subsurface data

Rain, evaporation, groundwater recharge • E.g. Lysimeter network (monitoring groundwater  
 recharge)

Groundwater • Design Bay area wide groundwater network for:
  – Groundwater levels and hydraulic heads
  – Groundwater quality
  – Fresh-salt gradients
Rivers, streams • Design Bay area wide network:
 – Discharge quantities in time
 – Quality
 – Aquatic ecology
Storm drainage pipes at Bay shoreline • Map and categorize outlets:
 – Monitor quantity and quality of selection
Urban flooding (including transport lines) • Where, how much and when (camera’s)
Bay water • Optimize level, quality, salinity, temperature, water depth and sediments  

 monitoring sites if needed. Making use of Bay model
 • Monitor ecological and morphological state of marshes and mudflats
Waste water treatment plants • Map locations WWTP’s and pipe outlets. Monitor:
 – Discharge , quality and temperature
Groundwater pumping • Map all locations and categorize: drinking water, industrial, irrigation,  

 infrastructure (BART tunnels, basements, parking garages)
 – Determine discharge quantity. quality and outlet
Subsidence • Using Lidar or satellite images and extensometers

All data in one web based database. Clear visualizations of the meaning of monitoring results. Agreements about 
consequences of monitoring results.
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Problems Actions Benefits
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Cities with productive and 
energy efficient landscapes

Cities with space for water 
storage and conveyance

Regions with program moved 
out of the floodplain

Neighborhoods with cooler 
climates and lower temperatures

Local initiative meets Systematic change

Learning from Resilient by Design

The Bay Area Challenge ‘Resilient by Design’, an international design competition with 10 team that 
finished this May 2018, has made a great start in analyzing these future challenges and drawing 
scenario’s on how to deal with these for the future. 
To join forces and make sure that all the great ideas are kept in mind and explored further, we wrote 
this brochure. Sharing our Dutch visions, tools, and integrated ideas that might hopefully help to make 
the Bay Area Resilient for the future.

Integral solutions
Safety against rising Bay water levels needs collective approaches. Perhaps, by constructing a 
defense system in the Bay parallel to the shoreline or, by closing the Bay by storm, tidal or permanent 
(but leaking) dams, to protect people and at the same time the environment. Improved treatment of 
Waste water, re-used as a resource to increase groundwater recharge can help to answer water 
demand, stop or reduce groundwater salinization and at the same time improve Bay water quality. 
Groundwater pumping need to be reduced to a minimum, and should only be used as an emergency 
source. Stream peak flows can be reduced by opening the impermeable soil and storing and/or 

harvesting urban water at every scale. At the same time stream ecology can be restored, including 
ecological connections between Bay and headwaters.

+

RESILIENT BY DESIGN gave us a sense of what 
climate ready cities in the Bay could look like.

Integrate local initiatives & pilot projects 
into an integral large scale / system 
approach to increase resiliency effects
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georganiseerde Spelen een reactie zouden kunnen 

zijn op langetermijnontwikkelingen in de wereld. In 

het eerste model Deltapolis verandert het ruimtelijk 

model van de Spelen en blijven zowel het organisa-

tie- als het businessmodel ongewijzigd. In het 

model Virtual Games veranderen zowel het ruimte-

lijk als businessmodel, het organisatiemodel blijft 

ongewijzigd. In het model Global Games tenslotte 

veranderen het business-, ruimtelijk en organisatie-

model van de Spelen. 

In elk van de drie modellen worden de Olympische 

Spelen opnieuw uitgevonden op een moment 

waarop de houdbaarheid van het huidige model van 

de Spelen onder druk staat. De Nederlandse Olym-

pische ambitie zou zich daarom kunnen onderschei-

den door het aanbod de Olympische Spelen niet te 

organiseren, maar te veranderen. Een Nederlands 

bid zou daarbij betekenis - en momentum - kunnen 

krijgen door het utopisch potentieel van de Spelen, 

als verbindend (inter)nationaal project, te gebruiken 

voor het denken over en het vormgeven aan de 

mondiale urgenties van de eenentwintigste eeuw. 

Max Cohen de Lara en David Mulder

1 http://www.london2012.com/documents/general/london- 

 2012-media-fact-pack.pdf

 http://www.bostonglobe.com/sports/specials/olympics

 http://www.guardian.co.uk/sport/video/2012/jan/03/ 
 

 olympics-2012-numbers-animation

 http://www.metro.co.uk/news/292291-olympic-tax-rebels-

 face-jail-for-33-33-bill
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georganiseerde Spelen een reactie zouden kunnen 

zijn op langetermijnontwikkelingen in de wereld. In 

het eerste model Deltapolis verandert het ruimtelijk 

model van de Spelen en blijven zowel het organisa-

tie- als het businessmodel ongewijzigd. In het 

model Virtual Games veranderen zowel het ruimte-

lijk als businessmodel, het organisatiemodel blijft 

ongewijzigd. In het model Global Games tenslotte 

veranderen het business-, ruimtelijk en organisatie-

model van de Spelen. 

In elk van de drie modellen worden de Olympische 

Spelen opnieuw uitgevonden op een moment 

waarop de houdbaarheid van het huidige model van 

de Spelen onder druk staat. De Nederlandse Olym-

pische ambitie zou zich daarom kunnen onderschei-

den door het aanbod de Olympische Spelen niet te 

organiseren, maar te veranderen. Een Nederlands 

bid zou daarbij betekenis - en momentum - kunnen 

krijgen door het utopisch potentieel van de Spelen, 

als verbindend (inter)nationaal project, te gebruiken 

voor het denken over en het vormgeven aan de 

mondiale urgenties van de eenentwintigste eeuw. 

Max Cohen de Lara en David Mulder

1 http://www.london2012.com/documents/general/london- 
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Water as Leverage for Resilient Cities Asia

PART 1 / From Global Water Issues to a Call for Action

Setting the Scene for a Call for Action Content

Asia’s Coastal Regions

The great 
diversity of water 
issues in Asia’s 
coastal regions 
means that 
challenges are also 
opportunities
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Content

Asia’s Coastal Regions
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3	project	scales	
for	Khulna

External driver
Gorai river offtake

Water Inclusive Enclave 
Khulna

Sundarbans

Polders 2.0

A Floodplain scale
•	 Gorai	offtake	restoration	(outside	scope)
•	 Extending	the	Sunderbans	(feasibility)

B Regional scale
•	 Sustainable	agriculture	polders	(feasibility)

C City scale
•	 Khulna	water	inclusive	enclave

1.					100	ponds	project	(proposal)
2.	 Mayur	river	(proposal)
3.	 Multi	level	city	(proposal)



Florida 
a water resilient state
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Ä
A©

?ï
?ï

?í?í

?ê
?ê

?å

?õ

?ö

?û

?ý

Aß

Desoto

Charlotte

HardeeManatee

Hillsborough

Pinellas Polk

Osceola

Orange

Lake

Citrus

Sumter

Hernando

Pasco

Sarasota

JA
C

A
R

A
N

D
A 

BL
V

D

S 
TO

LE
D

O
 B

LA
D

E
 B

LV
D

S 
SU

M
TE

R
 B

LV
D

W
IN

C
H

E
ST

ER
 B

LV
D

N RIVER RD

LAUREL RD E

E VENICE AVE

CLARK RD

BEE RIDGE RD

FRUITVILLE RD

ENGLEW
OOD RD

UNIVERSITY PKWY

OP70

GULF OF M
EXICO DR 

MANATEE AVE W

CORTEZ RD W

MOCCASIN WALLOW RD

FO
R

T 
H

AM
E

R
 R

D

PO
LK

 P
A

R
K

W
AY

POLK PARKWAY

MEMORIAL BLVD

LITHIA PINECREST RD

ST39

BIG BEND RD

CAUSEWAY BLVD

SELMON EXPWY

LE
E 

RO
Y

HILLSBOROUGH AVE

D
AL

E
 M

A
B

R
Y 

H
W

Y

VE
TE

R
A

N
S

 E
X

PW
Y

M
cM

U
LL

E
N

 B
O

O
TH

 R
D

CURLEW RD

PINELLAS

BYWY

G
U

LF
 B

LV
D

5TH AVE N

ULMERTON RD

E BAY DR

GULF TO BAY BLVD

OP54

SU
N

C
O

A
S

T 
PK

W
Y

BR
U

C
E

 B
D

O
W

N
S

BL
V

D

ST587 RIDGE RD

OP52

LI
TT

LE
 R

D

LO
G

IS
TI

C
S

PK
W

Y

ST675

UNIVERSITY PKWY EXT

LAUREL RD EXT

COUNTY LINE RD

PORT MANATEE CONNECTOR

Levy

Marion

Highlands

1

2

3

4

5 6

7

8

9

10
11

12 13 14

15

16
17

18

19 20
21

22

32 33

34

3635

37

38

39

40

41

42

43

44

47

46
45

48

49

50 51

52

53

54
55

5657

58
59

60

61
62

63

64

73 74

75 76

77

78
79

86

92

93

94

97
98

Tampa Bypass
Canal Trail23 24

25
26

27
28

29

30
31

65 66

67
68

69

70
72104

71

80
105 81

82 83

84
85

87

88

89

90 91

95

96
99 100

101
102

103

Withlacoochee State
Trail Extension

Upper Tampa
Bay Trail

Duke Energy
Trail

106

Va
n 

Fl
ee

t T
ra

il

W
ithlacoochee State Trail

Su
nc

oa
st

 T
ra

il

Pi
ne

lla
s 

Tr
ai

l

Courtney Campbell
Trail

Legacy Trail
Nothern Extension

Legacy Trail,
Osprey Junction Trailhead

Legacy Trail

107

108

110

109

Suncoast Trail/
Good Neighbor
Trail Connector

Duke Energy
Trail

Anna Maria
Island Trail

Willow - Ellenton Trail

South Tampa
Greenway

Heart of Florida
Loop

Anclote
Coastal Trail

Orange Belt Trail

Seminole

Volusia

Flagler

Starkey Gap
Connector Trail

Glades

Heart of Florida
Loop

Dunnellon Trail Connector

Suncoast II

Su
nc

oa
st

 T
ra

il

Courtney Campbell Causeway
Trail Overpass

South Coast Greenway
Phase 1

Maydell Bridge

Tenoroc Trail
Phase 1

Haines City
Rail Trail 
Phase II

Upper Peace
Legacy Trail

Southwest Trail

Van Fleet Trail
Bridge Replacement

Ft. Fraser
Trail Bridge

US Hwy 19 - Marine
Overpass

Ybor City
Trailhead

)¥

)¥

)¥
)v

)v

)v

)z
)z

)p

)p

)p

)q

)q

)p

)p

)p

)v

)¥

)¥

)v

)v

){

){

)v

){

)o

)o

)o

)s

)s

)s

)z

)z

)v

)v

){

){

)v

)¥

!"̀$

!"b$

!"b$

!"b$

%&g(

%&g(

%&g(

%&g(

!"̀$

!"̀$

!"b$

!"b$

!"b$

!"b$

%&i(

%&e(

?â

?â
?ò

AÛ

?ò

AÌ

A¿

?ò

?ò

?á

Ä
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Asbury Park Capacity-Building: The City of Asbury Park

HUD Rebuild by Design | HR&A Advisors with Cooper, Robertson & Partners

NO SILVER BULLET - NOT EASY
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BLUE MARBLE Dec 7 1972, Apollo 17

let’s work TOGETHER!
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