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Background Photo Credit: Iowa State University

Effects of 
land use and 
watershed 
management 
affect how 
much and 
how quickly 
rainfall is 
transformed 
into river 
flow.

Greenhouse 
gas emissions 
can increase 
rates of 
evaporation 
and the 
quantities and 
intensities of 
rainfall as well 
as the 
percentage of 
precipitation 
that falls as 
rain vs. snow. 

Probability



Before During

Longmont, Colorado September 2013  Photo Credit: 
Huffington Post

Consequence
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The Netherlands 



Or is it Holland?
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Population 16.7 million 38 million
(CV: 6.5 million)

4.5 million

Land Area 16,039 sq mi  163,696 sq mi
(CV: 22,500 sq mi)

51,843 sq mi

Percent Water 18.41 % 4.7% 15%

Population Density 1,047.9/sq mi 242/sq mi
(CV: 288/ sq mi)

105/sq mi

Per Capita Income $50,355 $61,021 $26,100

Temperature of Flood 
Water

37 to 48°F 50°F 80°F

Number of Cows 4 million CV: 1.8 million 0.5 million 

Estimated Value of 
Agriculture

$55 billion (3rd in 
world-wide exports)

38 billion
(CV: 17 billion)

10.7 billion

Cross Culture Comparison
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Types of Flooding

• From the Sea (storm 
surges)

• From the Rivers (high 
flows)

• From Precipitation 
(localized)



History of the battle with water

• 1906 Storm surge flood in 
Zeeland

• 1910 Sturgeon extinct

• 1916 Flood in North 
HollandAfsluitdijk

• 1953 Storm Surge flood in 
Zeeland

• 1954 Salmon extinct 
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Risk = Probability x Consequence

1) Match flood protection 
investment with risk

2) Time flood protection 
investment with development 
and growth

But, these are Risk Based Standards?



Protect the property and economic investments  in a dike ring to 
a level that is commensurate with the value of property and 
investment.

But, these are Risk Based Standards?



10,000 year flood protection?
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 1 in 10,000: highly populated coastal 
areas

 1/4000: less populated coastal areas

 1/2000: tidal zones

 1/1250: Rhine river corridors

 1/250: Maas river corridors

 1/? : localized intense precipitation



Traditional ApproachTraditional Measures



“There are two kinds of levees—

Those that HAVE FAILED and those that WILL FAIL”



“There are two kinds of levees—

Those that HAVE FAILED and those that WILL FAIL”

Probability Consequences
System was not built large enough—esp 
with the uncertainty of climate change

Dense urban development behind levees

Poorly constructed levees Critical infrastructure impacts

Subsidence, earthquakes, sea-level rise Water Quality and Soil Contamination
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Room for the River



Rivers need roomRivers need Room



Existing floodway

Expanded Floodway 

Room for RiversRoom for the River



Room for the River
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Room for Rivers

Reduces Risk
Improves Water Supply

Enhances Ecosystem

Room for the River



US flood protection?



US flood protection?



Lessons SharedLessons Learned: Safety



Floodplains Enhance Fish Growth

Below floodplain Floodplain
Jeffres et al. 2008     

Enclosed experiment, same age Chinook



Water Supply Benefit of expanding floodways 
and bypasses

Existing levee system constrains rate of downstream release, 
requiring a large flood pool

Flood pool

Supply pool

Vfp = Vin - Vout

Vin

Vout



If downstream capacity allows larger releases, the flood 
pool can be smaller -- leaving more water in the supply pool

Flood pool
Additional water supplySupply pool

Vfp = Vin - Vout

Vin

Vout

Water Supply Benefit of expanding 
floodways and bypasses



New Madrid Birds’ Point Floodway

1928 Mississippi River 
and Tributaries  project



Yolo Bypass

Can convey 80% of flood 
flows (500,000cfs= 14,000 
m3/s)

2/3 is privately owned and 
used for agriculture

When wet, critical habitat 
for migratory salmon and 
birds



Questions? 

Katie Jagt, PE
Fulbright Fellow

katiejagt@gmail.com



Let’s talk taxes: Funding has to come 
from somewhere…

Waterboards are 95% funded via a 
pollution levy and population tax

And WBs function under their own 
budgets

Nationally, all flood defense 
expansion and maintenance cost 
1.2-1.5B euros per year--less than 
1% of GNP



Land Subsidence



Land Subsidence—Ground Water



Land Subsidence—Ground Water



Land Subsidence—Ground Water



Land Subsidence—Ground Water



Land Subsidence—Ground Water



Land Subsidence—Ground Water



Land Subsidence—Ground Water

Lost Freshwater 
Storage!!



Land Subsidence
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