Appendixes to the article Exploring pathways for sustainable water management in River deltas in a changing environment
Appendix A

Most relevant cause-effect relations used in the IAMM. From left to right and top to bottom: suitability for three ship types in relation to water depth; stage discharge relations for different locations along the Waas; chance of dike failure in relation to the difference between the dike level and water level.
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Appendix B
Costs of the strategies are based on the strategies along the river Waal in the Netherlands (Table 1).
Table 1. Costs of the strategies with an explanation of how they were derived.

	 Strategy
	Total costs (Meuro/year)
	Total costs (Meuro)
	Explanation

	DH500
	1.1
	Mean

All 

112

No cl.

82

G

100

Wp

152


	Costs for dike raising include fixed costs and variable costs depending on the embankment length and amount of dike increase. For all ensembles for all transient scenarios, the costs for dike raising are calculated for each year (if they are raised). Each year the average dike height increase is calculated for the part of the dike that needs to be raised. Also the km of dike needed to be raised is calculated. This is used to calculate the costs based on the following formula for the costs of dike raising of 40 km of the river Waal*: (fixed_costs_97_Meuro + dike_raising)*exp(1)^0.00095*dike_raising_cm 

	DH1000
	1.4
	Mean

All 

142
No cl.

108
G

125
Wp

195

	see DH500

	DH1.5
	2.3
	Mean

All 

228
No cl.

219
G

231
Wp

236

	see DH500

	RfR-large
	2.7
	269
	To give large scale room for the river dikes, are set back on two sides of the river (12 km length, 4m high). Building a new embankment (further away from the main channel) has  two times higher fixed costs than dike raising. The variable costs depend on the embankment height and length. A small amount of urban area (4 ha) needs to be removed. Assuming 200 m2 per house, this corresponds to approximately 200 houses. We assume these houses will be bought for 0.03 Meuro each.

	RfR-small
	1.4
	138
	See large scale room for the river. For small scale room for the river dikes are set back on one side of the river only (6 km length, 4 m high). 

	CopU
	0.003
	0.03
	Three fte government workers communicating with the upstream government to reduce peak flow.

	FloatH
	0.6
	6.15
	This involves 200 ha of urban area, where houses will be bought and rebuilt. These houses are about 5% more expensive than existing houses of 0.03 Meuro.

	FaC
	5.5 - 6.5 
	550-650 
	New embankments are built around the cities. Approximately 25 to 30 km of embankments of about 4 m are implemented.

	Mound
	10.1
	1006
	Mounds with an elevation of 4 m are built for 200 ha of urban area. Current houses need to be bought and rebuild. These houses are about 5% more expensive. Assuming 50 houses at 1 ha for 0.03 Meuro, results in 6.15 Meuro for buying and rebuilding the houses. Costs for building a mound is estimated at 5 Meuro/ha, resulting in 1000 Meuro for the mounds. This estimation is based on a pilot project in a Dutch polder along the river Waal. This project builds 9 mounds of 4 m height for 17 farms, removing and rebuilding the farms and building 6 km of new embankments and costs 90-100 Meuro**. 

	SmallS
	0.4
	40
	Based on the assumption that the same load should be shipped and the potential load of the ships (300 ton for small ships), the number of ships needed to ship the load is calculated. The cost for a small ship is assumed to be 0.05 Meuro. NB Large ships (6000 ton) cost 1 Meuro. The total load for shipment is assumed to be  60,000 ton. Ships need to be replaced after 20 years.

	MediumS
	0.4
	40
	See small ships. Potential load for medium ships is 3000 ton. They cost 0.5 Meuro

	SmallD
	0.015 - 0.02 
	0.015 - 0.02 
	The amount of dredging per m3 is multiplied by the costs based on the yearly costs for the Port of Rotterdam (5 milj. m3 cost 11 to 14 Meuro/year)***. 70000 m3 is dredged/year

	LargeD
	0.18 - 0.22 
	0.18 - 0.22 
	800000 m3/year


* De Grave and G. Baarse (2011)



** http://www.overdiepsepolder.nl



*** Aquatic Sediments Expert Centre (AKWA). 2001 Dutch Master plan for management of dredged materials (in Dutch: Basisdocument TienjarenscenarioWaterbodems) AKWAreport 00.014
Appendix C
Tables 1 - 10 present the absolute results for individual policy options. For each policy option, the average performance is given for all ensemble members of all climate scenarios for the period of 100 years (table1); and for each climate scenario separately (tables 2 - 5). The colours refer to the acceptability categories for the Hierarchist (Table 1 in the manuscript) and indicate whether targets are achieved (Green: acceptable; Yellow: moderate results; Red: unacceptable). Table 2 in the manuscript gives a description of the policy options. The improvement factor is the proportion of results for indicators with and without strategies. For the flood management strategies, the average of the indicators is taken. 
Table 1 Performance of the individual policy options for all ensemble members of all climate scenarios for 100 years
	Results
	Dike rings flooded (#)
	Urban area flooded (km2)
	Total damage (M euro)
	Agricultural damage (M euro)
	Non navigable time (%)
	Improvement factor for flood and low flow indicators

	Flood management policy options

	No strategies
	41
	26
	27362
	1056
	 
	N/A

	Dike 1:500
	8
	6
	5227
	167
	 
	5

	Dike 1:1000
	7
	5
	4285
	139
	 
	6

	Dike 1.5 times 
	2
	2
	1256
	41
	 
	19

	Room for the River large
	8
	5
	4706
	149
	 
	5

	Room for the River small
	35
	20
	21767
	748
	
	1

	Upstream Cooperation
	39
	24
	26077
	1013
	 
	1

	Floating Houses
	41
	26
	8479
	1056
	 
	2

	Fort around Cities
	41
	0
	6381
	1056
	 
	26

	Houses on mound
	41
	20
	15837
	1056
	 
	2

	Low flow management policy options

	No strategies (large boats)
	 
	 
	 
	 
	8.93
	N/A

	Small boats
	 
	 
	 
	 
	0.20
	44

	Medium boats
	 
	 
	 
	 
	6.38
	1

	Small scale dredging
	 
	 
	 
	 
	0.46
	19

	Large scale dredging
	 
	 
	 
	 
	0.30
	29


Table 2 Performance of the individual policy options for all ensemble members of without climate change
	Results
	Dike rings flooded (#)
	Urban area flooded (km2)
	Total damage (M euro)
	Agricultural damage (M euro)
	Non navigable time (%)
	Improvement factor for flood and low flow indicators

	Flood management policy options

	No strategies
	28
	17
	18343
	706
	 
	N/A

	Dike 1:500
	6
	5
	3816
	121
	 
	4

	Dike 1:1000
	5
	4
	3012
	98
	 
	5

	Dike 1.5 times 
	2
	1
	981
	32
	 
	16

	Room for the River large
	5
	4
	2948
	92
	 
	5

	Room for the River small
	23
	14
	14433
	487
	
	2

	Upstream Cooperation
	27
	17
	17907
	692
	 
	1

	Floating Houses
	5
	4
	2948
	92
	 
	5

	Fort around Cities
	28
	0
	4323
	706
	 
	18

	Houses on mound
	28
	13
	9984
	706
	 
	2

	Low flow management policy options

	No strategies (large boats)
	 
	 
	 
	 
	7.11
	N/A

	Small boats
	 
	 
	 
	 
	0.20
	35

	Medium boats
	 
	 
	 
	 
	4.84
	1

	Small scale dredging
	 
	 
	 
	 
	0.26
	27

	Large scale dredging
	 
	 
	 
	 
	0.24
	30


Table 4 Performance of the individual policy options for all ensemble members of the G climate scenario

	Results
	Dike rings flooded (#)
	Urban area flooded (km2)
	Total damage (M euro)
	Agricultural damage (M euro)
	Non navigable time (%)
	Improvement factor for flood and low flow indicators

	Flood management policy options

	No strategies
	38
	23
	24860
	961
	 
	N/A

	Dike 1:500
	8
	6
	4992
	160
	 
	4

	Dike 1:1000
	7
	5
	4065
	133
	 
	6

	Dike 1.5 times 
	2
	2
	1162
	35
	 
	18

	Room for the River large
	7
	4
	3827
	119
	 
	6

	Room for the River small
	31
	18
	19246
	662
	
	2

	Upstream Cooperation
	36
	22
	24124
	938
	 
	1

	Floating Houses
	7
	4
	3827
	119
	 
	6

	Fort around Cities
	58
	0
	9004
	1501
	 
	23

	Houses on mound
	38
	18
	14117
	961
	 
	2

	Low flow management policy options

	No strategies (large boats)
	 
	 
	 
	 
	6.39
	N/A

	Small boats
	 
	 
	 
	 
	0.20
	31

	Medium boats
	 
	 
	 
	 
	4.33
	1

	Small scale dredging
	 
	 
	 
	 
	0.25
	26

	Large scale dredging
	 
	 
	 
	 
	0.23
	28


	
	
	
	


Table 5 Performance of the individual policy options for all ensemble members of the Wp climate scenario

	Results
	Dike rings flooded (#)
	Urban area flooded (km2)
	Total damage (M euro)
	Agricultural damage (M euro)
	Non navigable time (%)
	Improvement factor for flood and low flow indicators

	Flood management policy options

	No strategies
	58
	37
	38884
	1501
	 
	N/A

	Dike 1:500
	11
	8
	6872
	221
	 
	5

	Dike 1:1000
	9
	7
	5780
	185
	 
	6

	Dike 1.5 times 
	3
	2
	1626
	55
	 
	21

	Room for the River large
	13
	8
	7342
	235
	 
	5

	Room for the River large
	50
	29
	31621
	1095
	
	1

	Upstream Cooperation
	54
	33
	36201
	1408
	 
	1

	Floating Houses
	13
	8
	7342
	235
	 
	5

	Fort around Cities
	41
	0.4
	6381
	1056
	 
	37

	Houses on mound
	58
	29
	23410
	1501
	 
	1

	Low flow management policy options

	No strategies (large boats)
	 
	 
	 
	 
	13.30
	N/A

	Small boats
	 
	 
	 
	 
	0.20
	65

	Medium boats
	 
	 
	 
	 
	9.97
	2

	Small scale dredging
	 
	 
	 
	 
	0.87
	15

	Large scale dredging
	 
	 
	 
	 
	0.45
	30


Appendix C. Relation Perspectives with the policy options.

The table below presents the view of each Perspective on the policy options. Green indicates preferable option, yellow an acceptable option, and red is unacceptable for this Perspective.

 
	Results
	Hierarchist
	Egalitarian
	Individualist

	Flood management policy options

	Dike 1:500
	Dikes offer safety and have proven to be a reliable strategy to control discharges and prevent floods. The higher the safety norm, the more preferred. 
	Dikes are unnatural, disturbing for the natural ecological river  functions . (Trying) to control nature to a large extend is inherently wrong.
	Dikes are in general old fashioned and do not offer inhabitants additional living enjoyment. Some dikes can be preserved to protect economical hot spots, but more innovative solutions are preferred. Climate dikes may offer opportunities for self development and innovation.

	Dike 1:1000
	
	
	

	Dike 1.5 times 
	
	
	

	Room for the River large
	In general, unnecessarily dangerous. People inside and outside the winter bed should be protected for floods and high discharges.   
	Preferred policy option, as it provides space for water and natural development and decreases human interferences within the natural system. The more space is reserved for natural processes, the better. 
	Wasting valuable space that may become particularly important if the population grows and more space be needed for living and building areas. Besides, it is lacking innovation and may be characterized as old fashioned. On a small scale this could be interesting if combined with floating houses.

	Room for the River small
	This may be acceptable if it is used to let the excessive discharge flood in a controlled way and if it is combined with dikes that protect the landside.   
	
	

	Upstream Cooperation
	It is good to put efforts in a properly controlled river outside our own country borders. However, safety and drinking water supply should be guaranteed regardless of the actions taken by upstream areas. 
	As we share the responsibility of river management with the entire catchment area we should strive for one natural management strategy shared by the entire catchment area
	It is important to stay independent and therefore we should not make too may concessions. Because it is a relatively cheap way to adapt to problems, it is acceptable.  

	Floating Houses
	Potentially very dangerous, as protection from drowning can not be guaranteed, and inconvenient. Effects on health (water quality) should also be investigated. Too expensive to guarantee government responsibility.   
	It is positive that water will gain more space  (also in the winter bed) but not very keen on innovative technologies. Besides disturbing effects on the natural discharge and biodiversity are hard to prevent. 
	Preferred, as it approaches water as offering opportunities and it combines climate adaptation with maximizing living enjoyment and innovation.  

	Fort around Cities
	A potentially good strategy. However, in the current time, attention needs to be paid to the vulnerability for damage and terroristic attacks. The ‘bathtub” effect should be prevented. Implementing and testing a good working evacuation and emergency plan. 
	Rejection of controlling measures as it interferes too much in the natural dynamics. 
	Old fashioned, but in some cases acceptable to protect for example economic hot spots.  

	Houses on mound
	Could be acceptable, but instead of dealing with the consequences of a flood, prevention of floods is preferred. 
	Acceptable if these mounds are natural elevations in the landscape; otherwise unacceptable, as it damages and interferes with nature  
	Traditional mounds are too old fashioned. New, larger mounds with possibilities to adapt infrastructures to it may offer opportunities

	Low flow management policy options

	Small boats
	A transformation of our navigation fleet is not considered to be a core responsibility of the government. However, subsidies could be a way to achieve small or medium ships and to assure a durable continuation of transport   
	As dredging may have negative impacts on ecology, this strategy is acceptable. The smaller the boats, the less damaging for ecological values. Navigation is less damaging than transport along the road. 
 
	Small boats are an inherently inefficient way of transportation, but considerable if traffic jams increase due to pressure on space and non navigable time increases. 

	Medium boats
	
	
	 Medium boats decrease the efficiency of transportation. Only considerable if the non navigable time increases sharply

	Small scale dredging
	A way to control the discharge and river depth and hence preferred. However, as the main focus is on drought issues, flood prevention should not be neglected.  
	 Dredging is contra-natural and disturbs wild life values and ecology along the river bed. Only acceptable on a very local and small scale to restore natural river values. 
	Especially if private companies are responsible for dredging, this may offer good opportunities to combine profit making gravel extraction with controlling the river depth to guarantee large scale navigation.
 

	Large scale dredging
	 See small scale dredging including attention to the effects of large scale dredging on other river functions that should not get disturbed too much (recreation, cooling water, fishing, etc.)
	 Too damaging for nature and ecological values and too much focus on the willingness to control water and nature. Rejected. 
	


 
