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Propositions 

 

1. Understanding flooding as being harmful obscures thinking about the potential 

benefits it can bring.  

(this thesis) 

 

2. Flood management challenges lie in the future, solutions can be found in the past. 

(this thesis) 

 

3. The need in science to publish unique material invokes academic protectionism. 

 

4. The use of infographics to improve the dissemination and uptake of research 

findings is compromised by word count 'penalties' and color printing charges as 

is common practice among scientific journals. 

 

5. Completing a PhD with delay is a proxy of perseverance. 

 

6. Comparing the Netherlands, Bangladesh and Vietnam is like comparing soccer, 

cricket and table tennis: all ball sports but the number of players, the size of the 

field, and the rules of the game are different. 
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Chapter 1. Introduction 

1.1 Opening up flood embankments in complex delta settings 
The Indian writer Amitav Ghosh showed grippingly in “Hungry Tide” (2004) how the Bengal 

delta is home to interactions: between land and water, between normal and extreme weather 

conditions, between history and future, and between local knowledge and modernist thinking. 

In “Quagmire” (2010), American historian David Biggs presented an environmental history of 

the Mekong delta, describing hydraulic interventions from early settlement in the delta, to the 

colonial period and to developments after the Vietnam War ended in 1975. Piet Nienhuis 

investigated in an “Environmental history of the Rhine-Meuse delta” (2008) how flood 

management approaches had shifted over the last decades in the Dutch and Belgium delta, 

emphasizing increased attention being paid to the delta’s environmental processes. 

While these delta regions are geographically far apart, each author chose to highlight water-

related interactions. Recurrent saline tides, fresh river water discharge and occasional 

flooding figure prominently and in doing so the authors suggest that water and flooding are 

important carriers of delta histories, and, deductively, delta futures. At the same time they 

portray deltas as places of complexity and dynamic interaction between the environment, 

delta societies and engineered water management systems, which makes it increasingly 

difficult to manage delta water resources. 

These environmental delta histories have served as inspirational sources and rich empirical 

accounts for this thesis, in which perennial debates about dealing with delta flooding 

(including its absence) are central. It is important to emphasize from the beginning that this 

study is different from most flood management research, which is characterized by a one-

dimensional understanding of flooding as only catastrophic and damaging. Such studies search 

for ways to adapt to climate change, to reduce flood vulnerability and disaster risk reduction, 

or to improve flood-related crisis management (Zevenbergen et al., 2013). While this thesis 

does aim to improve flood management in deltas, it has the restoration of flood dynamics as 

its object of analysis. This does not mean that it pursues large-scale flood restoration in deltas, 

but that it investigates how such “contradictory” interventions could emerge, within (and not 

necessarily conflicting with) contexts characterized by flood prevention strategies.  

The following chapters explore such contested interventions, located in various deltas of the 

world, that consist of modifications to flood embankments to enable the (temporary) return 
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of flooding on previously enclosed lands. Suggestions to relocate, lower or completely remove 

flood-preventive embankments have been noted in various deltas, so under various socio-

institutional settings, environmental conditions, and engineering capacities. Interestingly, 

they materialize in policy environments characterized by a paradigm, often dominant for 

decades, consisting of full flood prevention. This raises the question why and how the 

modification or even removal of embankments and restoration of flood dynamics, or in short 

restored controlled flooding, could emerge in such various places and under sometimes 

contrasting conditions. If Ghosh, Biggs and Nienhuis’ messages are to be taken to heart, it 

takes a broad analytical perspective including social, environmental and technological 

dimensions, to answer these questions. 

Besides an apparent interest among academics in controlled flooding initiatives (see Section 

1.2.1), the societal relevance of the topic is flagged by novelists-researchers expressing their 

puzzlement with why policy makers decide to bring back water on often hard-won, reclaimed 

land (De Stoop, 2015; Westerman, 2015). They in particular note the political dimension of 

suggesting to re-flood delta lands, despite social agitation (De Stoop, 2015). At the same time 

the opposite has been observed: in places where controlled flooding has actually been 

stopped following policy makers’ decisions, societal action has forcefully restored this form of 

flooding (A. Rahman, 1995). These authors popularly describe how such interventions are 

characterized by a fascinating melée of policy dynamics, politics and science. Taken together, 

this underscores that controlled flooding initiatives present interesting objects of analysis 

from an academic as well as societal perspective. 

 

 
 
 
 
 
 
 

 
 

 
 

Figure 1. Opening an intake point to restore flood dynamics on delta lands. Courtesy Leven met 
Water/Loet van Moll. Circle added. 
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1.2 Flood control and controlled flooding in deltas 

1.2.1 The rise of lowering flood embankments: restoring controlled flooding 
Over the last decades, initiatives to intentionally lower, relocate or remove flood-preventive 

embankments are mushrooming in various deltas of the world. For reasons of readability, with 

controlled flooding “initiatives” I collectively refer to conceptual ideas (proposed by eco-

inspired engineers, for example), to formal policy plans suggesting embankment removal, or 

to implementation endeavors (formal projects or less formal initiatives). The following 

chapters will be more specific and go into the details of the respective initiative for restored 

controlled flooding under scrutiny. Controlled flooding initiatives have been identified and 

studied in, among other regions, the Rhine-Meuse delta (see for the Netherlands Van Staveren 

et al. [2014] and Warner [2008a], for Belgium Cox et al. [2006] and Maris et al. [2007], and for 

Germany Becker, Huitema, & Aerts [2015] and Hartmann [2010]), the Sacramento-San Joaquin 

delta in California, United States (Bates & Lund, 2013; Suddeth, 2011), the Thames delta in the 

United Kingdom (Eden & Tunstall, 2006), the Bangladesh’s Ganges-Brahmaputra-Meghna 

delta (Nowreen, Rashed Jalal, & Khan, 2013; Van Staveren, Warner, & Khan, 2017) and the 

Mekong delta in southern Vietnam (Socialist Republic of Vietnam and the Kingdom of the 

Netherlands, 2013).  

Highlighting policy discussions on the topic in the Netherlands, the expectation that the 

modification of embankments would surface has been articulated earlier (Enserink, 2004; 

Wolff, 1992). This is not to say that embankment removal originates in the Netherlands – this 

study will go into various examples located in other deltas – but to sketch some of the earliest 

contributions to the debate in the Dutch delta between primarily environmentally concerned 

actors, engineers aiming for full flood protection, and the broader society. Henk Saeijs, one of 

the first biologists hired at Rijkswaterstaat (the organization responsible for the design, 

construction, management and maintenance of the main infrastructure facilities in the 

Netherlands) advocated an ecosystemic perspective on water management and opined that 

restoring controlled flooding is a logical consequence of impoldering since sediment 

deprivation is a downside of impoldering (Santbergen, 2015, p.211-225). In a rather 

pessimistic but not unrealistic future scenario, the Compendium on Polder Projects even 

expects that “In time, no doubt the country [the Netherlands] which gave the word polder to 

the world, will itself disappear when all the effort and cost of keeping it habitable is too high 

a price to pay” (Stoutjesdijk, 1982, p.17). While policy debates about a structural use of 

retention areas and controlled flooding came to a standstill in the Netherlands in the 1990s 
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(Santbergen, 2015, p.211-225), partly because of societal protests against the intervention 

(Roth, Warner, & Winnubst, 2006), by now dozens of projects have materialized in which flood 

dynamics are restored in reconnected floodplains or in polders (Van Staveren et al., 2014).  

This thesis focusses on controlled flooding initiatives, consisting of modifications to 

embankments located in a delta’s coastal zone or slightly more upstream in the riverine 

regions.1 It therefore concerns primarily riverine embankments, or embankments that make 

up individual polder units (to be discussed in section 1.2.2) along rivers. More strictly, in this 

thesis restoring controlled flooding is defined as the deliberate modification of embankments 

in order to enable flood dynamics on previously enclosed delta lands.  

The definition implies the deliberate submersion of land. This seems paradoxical, given that 

flooding is typically characterized by its uncontrollability. It is not surprising that water 

overflowing embankments is instantaneously equated with situations of natural catastrophe, 

since flood disasters top the world’s disaster statistics (IFRC, 2016, pp. 236-240), and this 

image makes (global) news headlines.2 But to widen the frame on floods, the figure below 

aims to distinguish between different types of flooding. It is informed by a definition of (river) 

floods proposed by Bandyopadhyay, who argues that “…river floods occur when the flow in a 

river channel exceeds its bank-full capacity, expelling the excess flow over the banks” (2009, 

p.50). This definition suggests that there is a threshold between water as contained in 

between (or on one side of) embankments, and water as overflowing embankments. The 

embankment height, or threshold, distinguishes between these two waterealities: a 

controlled, contained and “good” water flow, and a “bad” or intangible water flow (flooding).  

 
 

 

 

                                                      
1 A slightly broader formulation, as in “the modification of water controlling infrastructure to enable flooding” 
could cover the removal of numerous dams in the United States (Fox, Magilligan, & Sneddon, 2016) or the military 
practice of inundating lands for territorial defence (De Kraker, 2015; Lary, 2001). These kinds of interventions are 
outside the scope of this thesis. Similarly, coastal re-alignment (French, 2006; Pethick, 2002), or abandoning 
unproductive polders along coasts (Van Cruyningen, 2014) are regarded as being a permanent redefinition of the 
coastline. 
2 In “Before the Flood,” a documentary issued by the United Nations, Leonardo di Caprio calls for attention to 
(water-related) climate change impacts. See https://www.beforetheflood.com/, accessed December 2016.  
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Figure 2. Distinction between contained water flows, “good” floods and “bad” floods. 
 

The shaded ring, however, indicates that when water overflows an embankment, a further 

distinction can be made between moderate controlled overflow and extensive uncontrolled 

flooding. Moderate flooding is increasingly acknowledged for its positive impacts on some 

forms of agriculture, such as rice production, and the natural environment, such as wetlands. 

Controlling flood water for agricultural practices goes back to ancient delta cultures along the 

Nile and Indus, where overflow irrigation was practiced extensively to wet the lands (Kamal, 

2006; Ozden, 2014; Saeed Khan, Nawaz, Van Steenbergen, Nizami, & Ahmad, 2014). In 

hydrological terms, controlled flooding at one place can reduce peak water levels, and 

therefore flood risks, at another place. The view of flooding as solely harmful and 

uncontrollable obscures the awareness of different forms of flooding, which is more widely 

acknowledged in Asian settings (Nikula, 2008; Paul, 1984; Tuan, Hoanh, Miller, & Sinh, 2007). 

Only when the volume of water overflowing an embankment unexpectedly exceeds the 

moderate flooding threshold, extreme flooding and catastrophic situations materialize. 

In order to manage the threshold between contained water and water overflowing 

embankments, changes can be made to (1) the embankments themselves or (2) the volume 

of water discharged in between the embankments. Water discharges can be reduced by 

(temporary) storing flood peaks in upstream areas, for example in retention areas, via flood 

bypasses, behind dams or by means of purposefully using wetlands as flood buffers. 

Embankments can also be heightened, or placed further apart, to enable the river to discharge 

more water without overflowing its embankments. Modifications of embankments to restore 

flooding can consist of lowering a section of an embankment (which enables overflow via an 

intake structure), relocation (typically river widening, to reconnect floodplains to the main 

river) or full removal. In case of relocation or full removal, a second line of more inland 
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embankments typically takes over the task of protecting the hinterland. In the Netherlands 

and Bangladesh, compartmentalization has been discussed (and tried) to provide multiple 

barriers to overflowing flood water (Warner, 2010). The threshold should therefore be 

understood both in a physical as well as in a socio-political or normative sense, since it reflects 

choices about which areas to be kept flood-free, and other areas to be liable to water 

overtopping embankments.  

Controlled flooding initiatives can be classified based on the timing or duration of controlled 

flooding. Of interest in this research are initiatives that temporarily restore controlled 

flooding, which can be divided into (1) incidental, (2) seasonal and (3) multi-annual situations. 

Incidental controlled flooding can refer to the upstream storage of peak flows, for example by 

means of retention areas (Warner, 2008a). Also flood diversion (fully rerouting floods) or 

designating flood bypasses (floodplains parallel to a river spreading out flood water) are 

concepts that fit this category (Duel, Ellis Penning, Haasnoot, & Klijn, 2003). Seasonal 

controlled flooding can be practiced for agricultural irrigation purposes (Ehlert, 2012), while 

multi-annual initiatives have been found where tidal flooding is pursued in conjunction with 

capturing sediment (Nowreen et al., 2013). Controlled flooding initiatives that are more 

permanent in nature (see footnote 1) are not considered here. 

 

 

 

 

 

 

Figure 3. Temporality of controlled flooding initiatives 
 

1.2.2 Flood management in deltas: closing-off approaches challenged 
The controlled flooding initiatives investigated here are located in deltas. There are many ways 

to understand deltas, ranging from ontologically constructed realities (Zegwaard, 2016), to 

resourceful ecosystems providing certain goods and services (MEA, 2005), to objects of 

multidisciplinary scientific analyses (Collins, 2015), and to disappointingly large amounts of 
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mud (Gerrits, 2008, p.1). In geographical terms, deltas are low-lying coastal3 regions, home to 

dynamic environmental interactions between land and water, and between rivers and seas 

(Meyer, 2009; Ramachandran, Ramachandran & Lakshmi, 2010). Predominantly natural 

scientists have attempted to delineate and quantify environmental delta system process such 

as erosion, sedimentation, and flooding via geomorphological and hydrological models (Disco 

& Van den Ende, 2003; Ludwig, van Slobbe, & Cofino, 2014). This proves difficult since land 

and water movements are never stable: deltas are in constant flux. It is therefore argued that 

deltas should be conceptualized and studied as complex, interacting or adaptive systems 

(Dammers, Bregt, Edelenbosch, Meyer, & Pel, 2013; Gerrits, 2008; Renaud, Syvitski, et al., 

2013).  

Because of the ever present water bodies, deltas are prone to coastal or riverine flooding. 

Flood risk management in deltas is a huge challenge, considering the high population densities 

and built-up economic value along the coasts, near rivers and in (urbanizing) cities (Hallegatte, 

Green, Nicholls, & Corfee-Morlot, 2013; Schanze, 2012; Syvitski et al., 2009; Tessler et al., 

2015; Zevenbergen et al., 2013). Delta inhabitants’ flood avoidance strategies such as settling 

on higher grounds have increasingly been replaced by interventions aiming for flood control, 

caused by a general belief that science and technology would make development and mastery 

over nature possible (Blackbourn, 1997). Also, demands for increased food production and 

flood safety in support of urbanizing areas have strengthened this perspective (Nienhuis, 

2008). Resulting closing-off policies and subsequent infrastructures in delta estuaries and 

along delta rivers therefore developed rapidly during the last century (Blackbourn, 1997; 

Disco, 2002; Van Heezik, 2008), although contrastingly, before that time irrigation and 

drainage canals were constructed to “open up” and reclaim delta lands (Biggs, 2010). 

As an example, polder embankments have been built in the Dutch delta for several hundreds 

of years as unitary divisions between land and water (Van der Ham, 2009). Within the 

encircled polder, or impoldered area, water levels could be meticulously controlled by means 

of weirs and sluice gates, governed by means of institutional arrangements at polder scale. 

Polders were laid out to enable draining and reclamation of land, to subsequently protect 

these new agricultural units against (saline) flooding. After small-scale impoldering projects, 

an entrepreneurial perspective encouraged by innovations such as steam power and 

advanced steel mechanisms, scaled up polder construction in even lower-lying regions (Van 

                                                      
3 Deltas can also be found inland, e.g. the Inner Niger delta in Mali (Zwarts et al., 2005). 
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Cruyningen, 2014; Van Dam, 2002; Van der Ham, 2009). By now, over half of the Netherlands 

consists of impoldered, reclaimed land below mean sea level (Van de Ven, 2004). The polder 

concept has been replicated in many other deltas (Stoutjesdijk, 1982) and in that sense 

superseded local flood management infrastructure (Larkin, 2013). Constructing polders or 

river embankments was not always done irrevocably. Many breached unintentionally during 

construction, or when storms hit (Wolters, Bakker, & Garbutt, 2005). Also riverine 

embankment suffered from instability, weakness in construction or lack of maintenance (Van 

Heezik, 2008). But when hydraulic infrastructure provides a reliable protection from flooding4, 

this presented immense opportunities: drained land and relatively flood free zones created 

the circumstances for rapid socio-economic development behind the embankments.  

Planning for or construction of river closures, tidal dams and polders did not always proceed 

without scientific dispute, fierce societal protests or free from political interests (Bijker, 2007; 

D’Souza, 2006; Klingensmith, 2007b). Large scale, closing-off hydraulic infrastructure have 

become easy targets for societal protests (S. Islam & Kibria, 2006; Klingensmith, 2007b). 

Although protests might be staged for political reasons, resistance against such plans generally 

resulted from (a mix of) concerns about the local environmental impacts of engineering works 

for example on fish stocks or water supply (A. Rahman, 1995), an uneasiness with top-down, 

unsolicited decision-making by distant hydrocrats (Benedikter, 2013), and an expanding 

stakeholder network (including environmentalists) for whom large- scale engineering 

presented more disadvantages than advantages (Benedikter, 2013; Bijker, 2002; Warner, 

2008a). 

Furthermore, scholars have increasingly flagged the negative environmental impacts of 

closing off estuaries and constraining river embankments (Awal, 2014; Le, Nguyen, Wolanski, 

Tran, & Haruyama, 2007; Syvitski, 2008; Syvitski et al., 2009; Syvitski & Saito, 2007). River and 

polder embankments not only prevent flooding, but also the deposition of sediment on the 

former floodplains. Sediment deposition in narrowed rivers instead of on former floodplains 

has led to silted up rivers, which surfaces almost instantaneously in deltas with high sediment 

concentrations (Awal, 2014). Sediment deprivation coupled with groundwater extraction and 

historic peat mining in some impoldered regions effectuated that in many deltas the 

                                                      
4 A distinction can be made between flood prevention and flood protection. Although both expressions mean 
more or less the same, flood prevention highlights mostly the objective to prevent flooding. Flood protection has 
a similar objective, but places stronger emphasis on the “risk-dimension” of flooding, as in protection from 
disastrous events. In this thesis, both expressions are used interchangeably unless it is relevant to highlight a 
particular one. 
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difference between the land and water levels in rivers and along the coasts are ever increasing 

(Syvitski et al., 2009). Cycles of embankment heightening have followed, but the long-term 

sustainability (socially, technologically and financially) of this practice has been questioned 

(Gerrits & Marks, 2008; Wesselink, 2007). Since lands no longer receive sediments and 

nutrients, fertilizers need to be added to keep up with targeted agricultural production 

volumes (K. V. Nguyen, Vo, & Huynh, 2015). Finally, potential climate change impacts have 

been used as arguments to question the long-term effectiveness of flood protection 

infrastructure (Ludwig et al., 2014; Syvitski, 2008). 

1.2.3 Emergence of “greener” flood management 
Against the background of increasing global concern about the environment in the 1970s and 

1980s (Carson, 1962; Disco, 2002; World Commission on Environment and Development, 

1987), also in the domain of flood and water management environmental considerations have 

contributed to (partial) paradigm shifts (Pahl-Wostl, Jeffrey, Isendahl, & Brugnach, 2011; 

Wesselink et al., 2015; Wiering & Arts, 2006). This resulted in, and is constituted by, questions 

of how to reduce the immediate negative environmental impacts of hydraulic engineering 

works, which profoundly modifies delta landscapes (Savenije, Hoekstra, & Van Der Zaag, 2014; 

Syvitski et al., 2009), but also how to proactively make use of the potential benefits of water 

for the natural environment (Falkenmark, 2003), and in particular flooding (Ehlert, 2012; 

Nikula, 2008). In the water management sector since the 1970s, the environmental dimension 

was more strongly acknowledged and brought into water management policies via attention 

to environmental flows (Arthington, Bunn, Poff, & Naiman, 2006; Falkenmark, 2003), 

ecological guidelines for river basin development (Marchand & Toornstra, 1986) and 

(eco)systemic approaches to managing delta water systems (Disco, 2002; Saeijs, 2008). These 

developments were amplified by various global policy reports and concepts stressing the 

relevance of environmental considerations in integrated water resources management 

(Gleick, 2003). Adaptive and flexible flood management responses, both in policy and in 

material terms, are argued to be more capable of addressing future flood management 

challenge than full flood protection measures (Borsje et al., 2011; Kothuis & Kok, 2017; 

Schanze, 2012).   

New ideas about flood management infrastructure stimulated the development of a range of 

greener flood management concepts and functional designs5 (Janssen, 2015; Saeijs, 2008). 

                                                      
5 Appendix A aims to create some order as to the extent to which these greener flood management concepts 
incorporate ecosystem dynamics.  
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Ecosystem-thinkers promote flood management infrastructure that is less-impacting on delta 

environments and sometimes “works with” delta dynamics such as sea currents to contribute 

to coastal protection (Borsje et al., 2011; De Vriend & Van Koningsveld, 2012; Janssen, 2015; 

Korbee, 2015; Waterman, 2008). Ecosystem-based flood management has been used to 

categorize approaches that proactively build on and include environmental processes in flood 

management interventions (Seidl & Stauffacher, 2013). Eco-engineered interventions are 

increasingly being adopted to deal with flood challenges, as opposed to grey infrastructure 

only (Renaud, Sudmeier-Rieux, & Estrella, 2013; World Bank, 2012). Distinct bodies of 

literature that go into such measures can be found for deltaic coastal zones (Borsje et al., 2011; 

French, 2006; Van Loon-Steensma, Slim, Decuyper, & Hu, 2014; Van Wesenbeeck et al., 2014) 

and more riverine or inland regions (Duel et al., 2003). Related, the value of flexible or 

multifunctional flood defenses has been expressed (Anvarifar, Zevenbergen, Thissen, & Islam, 

2016; Kothuis & Kok, 2017).  

Besides incremental changes in water management thinking, large or near flood events have 

been instrumental in forcefully challenging dominant flood prevention paradigms (Barry, 

1998; Käkönen, 2008; Sayers et al., 2015). Flooding and near flooding along the Rhine and 

Meuse rivers in the 1990s and most recently in 2013 (Merz et al., 2014) served as wake-up 

calls. This showed that the flood containment strategy has its technical limits (Warner, Van 

Buuren, & Edelenbos, 2013), something that has been observed much earlier in Asian deltas 

where flooding occurs more frequently and in much larger volumes (N. Islam, 2001; 

Marchand, Pham, & Le, 2014). Conceptual proposals to widen river beds, connecting 

floodplains to the main river in order to spread out flood peaks, were subsequently adopted 

in the Netherlands and Germany under Room for the River programmes (Duel et al., 2003; 

Warner et al., 2013).  

The environmental benefits of moderate flooding are increasingly stressed (Ehlert, 2012; 

Nikula, 2008). In Bangladesh, farmers distinguish between barsha or good floods; annual 

inundation flushing canals and fertilizing soil that can be capitalized upon, and bonna floods; 

bad ones involving extreme and extensive flooding (Paul, 1984). In the Mekong delta, the flood 

season is referred to as mua nuoc noi (the taking advantage of the flood season [Trung, Tuan, 

Trieu, Bastakoti, & Lebel, 2013, p.118]), anticipating its irrigation, flushing and sediment 

deposition capacities. In many (other) parts of the world, such benefits have largely been 

subdued by constructing flood-preventive embankments that protect against high water but 

also prevent the intake of nutrients and sediments. 
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1.2.4 Synthesis: positioning controlled flooding 
The above has demonstrated how attention to greener forms of flood management has 

gained traction, as opposed to pursuing closing-off infrastructure. Controlled flooding clearly 

rides this wave, but at the same time this raises the question how controlled flooding can (for 

now) be positioned in relation to existing flood prevention policies in deltas. 

First, the manifestation of greener flood management approaches, including controlled 

flooding, does not imply that full flood prevention has completely fallen out of fashion. 

Controlled flooding in one place can contribute to overall flood risk reduction on a regional 

scale, by lowering peak flows or temporarily storing water. From this spatial perspective, 

controlled flooding in one place can be still defined as a flood prevention measure in relation 

to other areas. Related, letting floods back in has been argued to go hand in hand with tight 

forms of engineered control (Van Hemert, 1999). This stands out in detailed project designs 

where it is meticulously determined where, when and how much flood water is “allowed” to 

flood the land (Van Staveren et al., 2014). 

Second, controlled flooding is often presented as an innovation, but a historical perspective 

learns that it resembles age-old practices (Ehlert, 2012; Willcocks, 1930). In the Netherlands, 

the re-invention of controlled flooding in combination with living on mounds (which had been 

practiced for hundreds of years), now attracts hundreds of visitors (including international 

delegations interested in the latest innovations in water management) per year to the site 

(Van Rooy, 2015; Warner, 2012).  

1.3 Delta trajectories to understand systemic delta interaction 
Building on Section 1.2.2, this study approaches deltas as interacting social-ecological-

technological systems, where the delta trajectory concept is used as “…an analytical tool, 

intended to understand and assess the dynamic coevolution and interplay of environmental 

dynamics, social processes, and hydraulic infrastructure in deltas over time” (Van Staveren & 

van Tatenhove, 2016).6 Chapter 2 will develop the conceptual framework in more detail. The 

following sections highlight some of the most important elements, in particularly how delta 

trajectories take shape, and how they are subsequently remain stable or are liable to change. 

                                                      
6 Inspirational examples on trajectories referring to technical-economic dimensions of hydraulic engineering 
(Haasnoot, 2013) or to the availability of water resources in depleting river basins (Molle, 2003) to underline 
(un)sustainable development paths. For related ideas about systemic interaction and pathways, see (Leach et al., 
2007). Compared to those, the delta trajectory concept is more concerned with the (long-term) flood risk in 
deltas, and places this central in discussions about long-term environmental delta sustainability. 
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In the conclusion (Section 6.2.4) the case study findings are positioned in relation to such delta 

trajectory dynamics. 

Flood (2001) makes a distinction between systems thinking and systemic thinking. The former 

has been criticized for its implicit suggestion that the world is made up of functionalistic units, 

which systematically interact within a delineated environment. Rather, the point that systemic 

thinkers make, and on which this thesis builds, is that systems, composed of actors and 

processes, interact through relatively “open” boundaries, with other systems and thereby co-

evolve (Alessa, Kliskey, & Altaweel, 2009; Flood, 2001; Gerrits, 2008; Norgaard, Kallis, & 

Kiparsky, 2009). This position is also taken by Berkes et al. (2008, 2000) who developed a 

social-ecological systems (SES) perspective to study coupled interactions between the 

environment and social actors. Others have suggested to conceive of complex systems as 

interacting social-ecological-technological systems (Brugnach, Dewulf, Pahl-Wostl, & Taillieu, 

2008; Dammers et al., 2013; Kemp & Rotmans, 2005; Leach, Scoones, & Stirling, 2007), which 

addresses criticism about how to account for the influence of technological systems on the 

environment and society (A. Smith & Stirling, 2010).  

A social-ecological-technological perspective is applicable to delta settings, as dynamic 

environmental systems where high impacts from society on delta environments are felt by 

means of technological infrastructure, including hydraulic engineering (Dammers et al., 2013; 

Renaud, Syvitski, et al., 2013; Savenije et al., 2014; Syvitski et al., 2009). This analytical 

perspective is different from considering a delta and its water bodies as an (eco)system in 

itself (see Saeijs, 2008, for an example of this). Although scholars have developed a deep and 

broad interest in the place and consequences of modern technology in the socio-environment 

(Ellul, 1964; Feenberg, 2010; Giddens, 1990; M. R. Smith & Marx, 1994), this thesis adopts a 

less specific perspective. The technological system will be analyzed on a par with social-

ecological system conceptualizations: for its systemic interaction with the human and 

environmental dimension of deltas. This keeps the systemic analysis at the same “depth” and 

allows for a balanced investigation of social, environmental and technological interaction. This 

perspective explains primarily how systemic interaction takes place, and is less specific about 

systems’ internal dynamics.  

Dynamics, processes and actors of the individual systems can be specified. The environmental 

system of deltas is typically highly unstable, involving a continuous interaction between land 

and water, including seasonal flooding, erosion, sedimentation and land formation processes. 
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The technological or hydraulic engineering system refers to the network of (polder) 

embankments, estuarine barriers, canals, sluices and pumps that are all put in place to 

manage water flows (Carse, 2012; Van der Vleuten, 2013; Van Staveren, Warner, et al., 2017). 

Those account for the typical concrete and steel works, but also for “softer” forms such as clay 

dikes and wooden sluice gates that are part of hydraulic engineering systems. As Larkin (2013) 

argues, a systemic perspective also implies that non-tangible connections between related 

infrastructural networks (for example, the spread of the polder concept or water management 

policies to other delta countries) also play an important role in network formation. The social 

system comprises actors and networks that are discursively connected to water and flood 

management. This broad understanding implies that not only the “closed” circle of hydraulic 

engineers, economists and policy planners, but also the broader stakeholder network such as 

polder residents, local communities, environmentalists and international policy advisors, can 

influence how water policy evolves and how hydraulic interventions materialize. 

1.3.1 Shaping delta trajectories: kick-off… 
The delta trajectory concept describes how a certain development path has evolved by 

analyzing systemic interaction between social, environmental and technological factors. A 

delta trajectory is typically “kicked-off” by the introduction or networked expansion of 

hydraulic engineered works in support of socio-economic demands, such as water regulation 

for agriculture. An example is the construction of high flood embankments: they provide 

relatively flood-free zones which enables socio-economic developments and shapes 

agricultural practices behind the embankments. As analyzed by Wesselink (2007), the 

protected built-up areas at the same time turn into sediment deprived delta lands: they slowly 

start to subside, while siltation in rivers intensifies. Instigated by an increased difference 

between land height and water levels, societal demands for increased flood protection will 

follow. The initiated delta trajectory, characterized by successively heightening flood-

preventive embankments, is reinforced and leads to a physical “lock-in.” It is increasingly 

difficult to step away from lock-in situations (Perkins, 2003), due to the rigidity of hydraulic 

engineering works and increasing built-up value behind embankments. In the Netherlands, 

cycles of embankment reinforcement has led to embankments of more than 10 m high, with 

a difference of 8 m between the water level and the low-lying hinterland (Wesselink, 2007). 

The kick-off of a trajectory in terms of hydraulic engineering works, and increasing scale on 

which large hydraulic networks are managed, is intertwined with the formation of central 

hydraulic institutions (Van Buuren, Ellen, & Warner, 2016). Organizations such as the Dutch 
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Rijkswaterstaat, the Bangladesh Water Development Board and the Vietnamese state’s 

construction companies are powerful in terms of technical knowledge, making policy 

decisions, and implementing construction measures (Benedikter, 2013; Cook, 2010; Van den 

Brink, 2009). They often reinforce the delta’s development path by repeating the storylines of 

flood prevention and calls for expanding or reinforcing hydraulic works (Benedikter, 2013). 

This is a form of institutional path dependency (Pierson, 2000), in addition to the physical lock-

in as outlined earlier. 

Delta trajectories can be characterized based on differentiated geographies. The southwest 

delta in the Netherlands, for example, its characterized by its many estuarine closure dams 

and tidal dynamics. The Bangladesh delta’s southwest is home to extensive polder works and 

high sedimentation rates. In the Mekong delta, different trajectories can be identified based 

on the exact location and timing of seasonal flooding. They add up to a composite delta 

trajectory, characterizing the development path on the scale of the entire delta. 

… questioning long-term (un)sustainability… 
The (un)sustainability of a certain delta trajectory in relation to (the absence of) its flood 

dynamics can be challenged or questioned by various social, environmental and technological 

yardsticks. Gerrits and Marks (2008), for example, argue that in the long run it is no longer 

possible to maintain the ever-growing difference between rivers and sea on the one hand, and 

the subsiding polders on the other. Potential climate change effects may also influence 

whether a delta trajectory, for example a water containment strategy in rivers, is capable of 

transporting peak discharges in the future (Ludwig et al., 2014). Farmers might formulate 

different demands on land use and associated forms of water management, when they notice 

that certain development trajectories (e.g. rice intensification) come with aggravating 

environmental downsides (K. V. Nguyen & James, 2013). 

… and stability and change 
Resulting from the above, delta trajectories are relatively rigid, to a large extent based on the 

physical entrenchment of hydraulic works, and institutional path dependency. Such concepts 

have recently received more attention, as a way to understand policy change and stability in 

flood risk management (Van Buuren et al., 2016). Path dependency and institutional lock-in 

do not imply, however, that trajectories are set in stone forever. Its stability might be 

challenged or influenced from various directions, which relates to the systemic perspective as 

central to this conceptual framework. For a system to change, more forces need to be present, 

and need to act synergistically upon the system (Frantzeskaki et al., 2016). 
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First, from a more “internal” social systems perspective, calls for reorienting an existing 

trajectory by means of new, less-rigid flood management approaches can be formulated due 

to new insights and ideas among water policy makers, also called policy learning (Ingram & 

Fraser, 2006; Van Buuren et al., 2016). Those ideas can gradually evolve among the network 

of professional engineers, but can also be sparked by other developments. The increasing 

attention paid to ecosystem processes and the increasing involvement of environmental 

engineers in water management (Disco, 2002), for example, has stimulated thinking along the 

lines ecosystem-based flood management interventions (Borsje et al., 2011; Waterman, 

2008). Also non-professional actors can press for “new” ways of flood management: in 

Bangladesh, local communities have enforced embankment removal to restore flooding (A. 

Rahman, 1995), in the Netherlands local farmers came up with the plan to live on mounds 

instead of being relocated (Van Rooy, 2015), and in the Mekong, farmers increasingly 

emphasize the need for seasonal flooding for sustainable agricultural production (K. V. Nguyen 

& James, 2013).  

Second, especially environmental dynamics may trigger calls for new policy directions. Flood 

disasters, such as the century flood in 1988 and cyclonic storms in 2007 and 2009 in 

Bangladesh, (near) floods in 1953 and in the mid-1990s in the Dutch delta, and extensive 

flooding in the early 2000s and 2011 in the Mekong delta, have rekindled fundamental policy 

debates about the effectiveness of the flood management strategy. While it does not exclude 

the possibility that the existing strategy is actually reinforced, this might (re)open policy 

windows for the development of new flood management approaches.  

Reorienting delta trajectories towards more sustainable system states will take time (Leach et 

al., 2007; Rammel, Stagl, & Wilfing, 2007). It will probably take shape as a gradual process, 

given the path dependency characteristics outlined above. The term realignment (in use in the 

United Kingdom to express the physical redesigning of coastal protection with environmental 

processes along the coast [French, 2006]) is borrowed to express how flood management 

policies and infrastructural engineering works can be modified over time in such a way that 

delta trajectories develop in more sustainable directions. On a policy level, this could happen 

by means of including ecosystem-based concepts in flood management policy, instead of full 

flood prevention approaches alone (Seidl & Stauffacher, 2013). At the infrastructural level, 

this could materialize by way of eco-technological add-ons or modifications to embankments, 

in such a way that flooding and sedimentation are managed differently (for example, partly 

restored). 
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1.4 Research objective and research questions 
This thesis specifically investigates controlled flooding initiatives, which so far have received 

attention in a somewhat fragmented way from various scholars in the world. No extensive 

comparative study has been conducted on the topic so far, comparing insights from different 

delta settings. As a result, it is not clear how and why, under somehow similar but also very 

different conditions, controlled flooding initiatives could emerge and materialize in practice. 

In addition, it is unclear in which ways controlled flooding initiatives could contribute to long-

term flood safety in deltas.  

This thesis’ primary objective is therefore to investigate how social, environmental and/or 

technical factors have contributed to the emergence of controlled flooding initiatives in 

different delta settings. Furthermore, these insights are placed in relation to long-term 

developments in deltas. To reach this objective, a main research question and four sub-

questions were formulated, which will be addressed in subsequent chapters.  

Main research question (MRQ) 

How can the emergence of controlled flooding initiatives in different deltas be explained, and 

how do these initiatives affect the development trajectories of different deltas?  

Sub research questions 

I Which analytical framework of complex delta interaction can help to explain how 

deltas evolve over time? (Chapter 2) 

II Which socio-political, environmental and technological factors have been critical for 

the emergence of controlled flooding initiatives in different deltas? (Chapters 3-5) 

III What are the similarities and differences between controlled flooding initiatives in 

these three deltas? How can these similarities and differences be explained? (Chapter 6) 

IV How have ideas about controlled flooding been incorporated in long-term delta 

management plans for these three deltas? (Chapter 6) 

Flood management is never-ending challenge in deltas (Hallegatte et al., 2013; Tessler et al., 

2015), since it needs to be in line with continuously evolving social demands, environmental 

dynamics, and available technological means. It is for this reason that policy makers 

(re)formulate policy plans and (re)construct hydraulic engineering works, seemingly without 
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an end (Biggs, 2010, p.37). It is therefore relevant to investigate and reflect on how such 

processes take shape, as well as on how new conceptual ideas may contribute to addressing 

contemporary or long-term social, environmental and technological challenges. Insights in 

controlled flooding initiatives can contribute to a better understanding of why and how policy 

change (or stability) with regard to flood management takes place. It delivers insights in where 

drivers for change come from, given the fact that hydraulic institutions are rather path 

dependent, meaning they may prefer to stick to “known” approaches. 

1.5 Research methodology 

1.5.1 Approach 
Inspired by the environmental delta histories as highlighted in the introduction (Section 1.1), 

this thesis has pursued a particular interest in the historical background of flood management 

in the respective deltas. This historical background is essential in providing contextual as well 

as specific insights regarding environmental changes, historic institutionalization, past 

debates and practical interventions in the deltas under review. Only by means of an historical 

understanding of past plans and interventions, the evolution of flood management in dynamic 

delta environments can be meaningfully untangled. An historical analysis has the capacity to 

put the development of contemporary “new” ideas and policy debates into perspective, which 

in the case of the Mekong delta makes it possible to identify the seemingly cyclical appearance 

of long-term policy plans over the last four decades. Finally, this approach has helped to better 

understand not only “known” territory but also unknown delta settings. 

1.5.2 Case study analysis in water management 
Inspired by the emergence of controlled flooding in different delta settings, this thesis adopts 

a comparative, multiple case study approach. Such an approach is increasingly called for in the 

domain of water resources management (Mollinga & Gondhalekar, 2014; Wescoat, 2009). 

According to Mollinga & Gondhalekar (2014, p.182), “The inherently localized nature of water 

resources management as now set in a context of intensifying globalization, provides excellent 

ground for growing a new brand of comparative analysis.” Mollinga and Gondhalekar suggest 

that this is driven by an acknowledgement of shared water-related challenges around the 

globe, a perceived need to integrate the knowledge base of different localized water studies, 

and to address the dichotomy between water policy theory and practice (2014, p.183). The 

domain of integrated water resources management in a broad sense (Wescoat, 2009), flood 

management more specifically (Van Alphen & Lodder, 2006), and lately delta management 
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(Bucx et al., 2014; Renaud, Syvitski, et al., 2013) have been the object of such kinds of analyses. 

The investigated controlled flooding cases add to this line of work.  

Case studies are increasingly being employed as a research methodology in the social sciences 

(Yin, 2014). They are applicable to in-depth or detailed investigations of contemporary, real-

life issues in complex contexts (Flyvbjerg, 2006; Geertz, 1972). This applies in particular to the 

controlled flooding cases that will be discussed here: they are characterized by complexity in 

terms of hydro-morphological processes, socio-economic and political developments, and 

they are contemporary issues that impact society.  

Furthermore, in particular the use of case-oriented research for concept formation stands out. 

Case-oriented research allows for flexible analytic frames which can be modified in the course 

of the study as knowledge [insights] emerge, making case-oriented study especially well-

suited for concept formation and theory development (Mollinga & Gondhalekar, 2012) 

referring to (Ragin, 1997).  

Comparative case study design 
Comparative case studies can serve exploratory, descriptive and explanatory purposes (Yin, 

2014 p.187), while its explanatory power lies in illuminating why and how decisions about 

certain issues have been taken. Comparative case study research aims to, besides delivering 

detailed empirical case study material, develop cross-case insights in similarities or differences 

between cases (Yin, 2014). This makes it possible to identify commonalities and differences, 

which could lead to more generalizable conclusions. The comparative method is defined as 

neither a distinct methodology nor a particular theme, but rather a research design 

perspective, which “…aims to identify significant differences in structural configurations of 

different situations” (Mollinga & Gondhalekar, 2012, p.4).  

In this research the differences apply to the context in which the investigated cases 

materialize. The figure below visually demonstrates how the cases are similar thematically 

(circles) while their respective contexts are highly diverse (triangles) both in terms of 

environmental dynamics (triangle size representing such dynamics) and socio-institutional 

settings (patterns). “Comparison by contrast” (Mollinga & Gondhalekar, 2014), for example in 

comparing irrigation in water abundant and water scarce conditions (Geertz, 1972) or similarly 

a “most different” research design (Landman, 2000) highlights specific outcomes per case, but 

may at the same time extract generalizable insights, taken into account the different contexts 

where findings have emerged from. The comparative method is based on replication of an 
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analysis of similar or contrasting cases, instead of sampling where larger amounts of data are 

necessary for statistically grounded conclusions (Yin, 2014). 

 

 

 

 

 

 

Figure 4. Similar topical cases (circles) in different deltas (triangles) 

Delta site and case study selection 
Three steps were taken to select a predefined number of in-depth controlled flooding case 

studies, each located in a different delta, so under different socio-institutional and 

environmental conditions.  

An earlier, co-authored comparative delta study (Van der Most, Marchand, Bucx, Nauta, & 

Van Staveren, 2009) made it possible to have a general acquaintance with ongoing flood 

management issues in those deltas, acting as a shortlist of eight potential case study deltas: 

the Yellow River delta in China, the Mekong River delta in Vietnam, the Ganges-Brahmaputra-

Meghna delta in Bangladesh, the Ciliwung river delta in Indonesia, the Nile river delta in Egypt, 

the Rhine river delta in the Netherlands, the Mississippi river delta in the United States, and 

the California Bay (Sacramento San Joaquin) delta in the United States. 

As a second step, formulated as a criterion, controlled flooding should be discussed in 

contemporary policy debates about flood management. This would strengthen support for 

and relevance of the case study to be conducted, for policy and practice. Research findings 

from similar controlled flooding projects in one delta, may be used by stakeholders being 

involved in other cases which increases the uptake opportunities of research outputs; on two 

occasions (see Section 1.5.4). Based on literature review conducted in 2012/2013, several 

studies were retrieved that made explicit reference to this policy debate in the deltas of the 

Netherlands, Bangladesh, Vietnam and deltas in the US (Bates & Lund, 2013; Day et al., 2007; 

N. Islam, 2001; Käkönen, 2008; Shampa & Pramanik, 2012; Suddeth, 2011; Warner, 2008a).  
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A third step consisted of three related considerations: (1) to account for the “comparison by 

contrast” method as outlined earlier and (2) to search for coherence in the shape of a 

meaningful connection between the cases (beyond the obvious shared thematic connection). 

Such a connection was easily found since in the Netherlands, Bangladesh and Vietnam long-

term flood management policies have come to be reconsidered by so-called long-term delta 

processes. In addition, there is a “hydraulic connection” since in each of those deltas, polders 

(representative of aiming for flood prevention) have widely been constructed. 

Via international development cooperation relations the Dutch government assists the 

governments of Bangladesh and Vietnam in formulating long-term delta plans (Government 

of the Netherlands, 2009; Seijger et al., 2016; Zegwaard, 2016). Long-term delta planning 

evolved as a policy approach to dealing with complex delta challenges (see footnote 55 and 

Seijger et al. [2016] for motivations and methodology). Especially its most recent 

interpretation was developed into an “exportable” policy tool. The effect of such a policy 

process is that stabilized policy debates are re-opened and scrutinized for its long-term 

sustainability. It provides a window of opportunity to propose new concepts and ideas.  

Another hydraulic connection was encountered between the Netherlands, Bangladesh and 

Vietnam in the shape of polder construction, as outlined in Section 1.2.2. With a prominent 

role for Western engineers advocating closing-off infrastructure, the polder concept was 

distributed to various other delta areas (Stoutjesdijk, 1982; Van de Ven, 2004). The Dutch 

polder concept was introduced in Bangladesh in the 1960s: over a hundred polders were 

constructed in the southwest delta region and along the coastline towards the East (Leedshill-

De Leuw Engineers, 1968). In the Mekong delta, the introduction of the polder concept was 

effectuated during the time of French colonial rule in the 1930s. French colonizers transferred 

the polder concept from the Red River delta in the North of Vietnam, where farmers had been 

constructing polder-like embankments for hundreds of years (Biggs, 2010; Jansen, 2015). 

Having a polder-rich background, studying those deltas from the perspective of flood 

restoration, or “de-poldering,” presents opportunities for interesting analyses. 

After considering the potential set of case studies in its entirety, cases were selected in the 

deltas of the Netherlands, Bangladesh and Vietnam.7 These deltas display varying degrees in 

                                                      
7 There is a Dutch connection with the US deltas in terms of centuries of knowledge exchange (Bergsma, 2017), 
that there are polders (Suddeth, 2011), and that long-term delta visions are being formulated (Lund et al., 2008) 
- but all without the institutionalized Dutch assistance in developing long-term delta plans as figuring so 
prominently in the Asian deltas. As follow up on this research project, a comparative paper is being developed 
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environmental dynamics, in terms of water discharge, peak flows, and sediment concentration 

(leading to faster environmental change) in which the Netherlands and Bangladesh fully 

“contrast,” and with the Vietnamese Mekong delta positioned as an in-between case. For 

example, average discharge volumes in the Ganges-Brahmaputra are more than tenfold 

compared to average discharge of the Rhine, and the Mekong river is positioned in between. 

See Table 1 below for specifics about these environmental dynamics. While later chapters will 

in much more detail explore the individual controlled flooding case studies, the next section 

provides short introductions to the cases. 

De-poldering the Noordwaard polder in the Dutch delta 
In the Dutch delta, the Room for the River programme (2005-2015) was formulated after 

(near) flood events in the mid-1990s (Roth et al., 2006). It consists of over 30 interventions, 

including floodplain reconnection and river widening, along the main rivers in the 

Netherlands. A few controlled flooding restoration, or de-poldering projects, had been 

implemented in the mid-2000s, but during the course of this research project the Noordwaard 

polder was planned to be de-poldered. The project consisted of embankment lowering, which 

would enable the inflow of flood water during high water levels in the river Merwede, acting 

as a river bypass. The inflow of water reduces peak water levels in the river and supports the 

adjacent freshwater wetland by means of restored water dynamics. It is located at the junction 

of tides and rivers. 

Controlled flooding in beels/polders with Tidal River Management in the 
Bangladesh’s delta 
The coastal zone of Bangladesh has been home to the construction of polders in the 1960s. 

Besides stimulating agricultural productive and providing safer places to live in, this caused 

increased sedimentation in the region’s rivers and water logging in enclosed areas due to 

insufficient drainage possibilities. Mirroring historic overflow irrigation, some of the polders 

or low-lying areas called “beels” have been opened up and exposed to tidal influence again 

since the 1980s. This was initially forcefully done by the local population, by partly removing 

the flood-preventive embankments. Restored tidal dynamics scour the river beds and deposit 

sediments on polder lands, but also prevent agricultural production for a few years. This 

“illegal embankment cutting” came to be known conceptually as Tidal River Management. It 

remains a (hotly) debated policy topic within the context of sustainable management of the 

                                                      
by co-authors conducting research on controlled flooding in the deltas of the Netherlands, Bangladesh, Vietnam 
and the Sacramento-San Joaquin delta. 
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delta’s coastal zone (Gain, Benson, Rahman, Datta, & Rouillard, 2017; Mutahara, Warner, 

Wals, Khan, & Wester, 2017). 

Controlled seasonal flooding in the Vietnamese Mekong delta 
Successive long-term delta plans for the Mekong have all touched upon how to deal with the 

delta’s flood dynamics, which are characterized by its seasonality. From the perspective of rice 

production and rice intensification, constructing flood-preventive embankment networks 

have increasingly halted flood dynamics in the delta. The downside of reduced flood spreading 

is that this exposes downstream urban areas to higher peak flows, and that the agricultural 

sector (which now faces reduced nutrient intake, soil quality and therefore needs substantial 

amounts of fertilizer) is affected. The positive dimensions of controlled seasonal flooding have 

received growing attention in long-term delta plans, up to the point the latest plan (the 

Mekong Delta Plan, endorsed by the Vietnamese government in 2013) explicitly suggests to 

restore controlled, seasonally flooding in the upper regions of the delta (Socialist Republic of 

Vietnam and the Kingdom of the Netherlands, 2013). 

 Case 1#  Case #3  Case #2  
De-poldering the 
Noordwaard polder in the 
Dutch delta 

Controlled seasonal flooding 
in the Vietnamese Mekong 
delta 

Controlled flooding in 
beels/polders with TRM in 
the Bangladesh delta 

Mini-map of 
each case 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

Short case 
description 

Recently completed 
controlled flooding project 
entitled “Noordwaard de-
poldering project” (2007-
2015) within the context of 
the Room for the River 
programme.  

Suggestions to restore 
controlled seasonal flooding 
in the upper regions of the 
Vietnamese part of the 
Mekong delta, as 
incorporated in a recently 
endorsed long-term policy 
plan. 

Tidal flooding in polders or 
“beels” in the coastal zone of 
the southwest delta in 
Bangladesh, by means of the 
Tidal River Management 
concept.  
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Merwede

Amer (connected to Meuse)

The Noordwaard agricultural polder will be reconnected to the adjacent river, by means of lowering or removing dikes. 
Controlled flooding will occur in the flow–through area in times of high river water levels. Together with restoring tidal 
dynamics in the broader estuary, this restores dynamic land and water interactions around and in the Biesbosch wetlands.
Hybrid-engineered dike
Near the Steurgat Fortress, a willow forest will be laid out in front of a section of the dike. This reduces flood waves and 
compensates for required dike reinforcements.

De-poldering the Noordwaard
in the Dutch Delta
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The Mekong delta is the low-lying region of the Mekong river basin, where numerous rivers and canals release water into the 
sea. The delta is to a large extent located within Vietnamese territory. Flood water drains into the Gulf of Thailand (or West Sea) 
via a number of large canals, and into the South China Sea (or East Sea) via a number of distributaries. The Mekong's Sino-Viet-
namese name, Cuu Long, popularly translates as 'nine dragons', referring to the Mekong's nine historical branches conveying 
water towards the sea. A 'tenth dragon', however, could consist of sediment-laden flood water overflowing embankments during 
flood season. While in large parts of the delta this dynamic is prevented or reduced due to embankment construction, policy 
plans now propose to restore this form of controlled flooding in the upper regions.

Controlled seasonal flooding 
in the Vietnamese Mekong delta
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Several beels/polders in the southwest delta of Bangladesh face water logging as well as silted rivers (1). This hampers effective 
drainage of water as well as agricultural production. Tidal River Management (TRM) involves the temporary (usually several 
years) removal of an embankment section adjacent to a beel or polder. During the years of tidal in- and outflow, the area is not 
suitable for agriculture but may be used for aquaculture. With twice-daily high tide, water and sediments scoured from the river 
bed flow into the beel concerned (2). Twice-daily water flows out again, thereby leaving part of the scoured out sediment inside 
the beel (3). Over the years, river profiles improve as well as the height of the land, which is then taken into cultivation again (4).

Controlled flooding in beels/polders 
with Tidal River Management in the 
Bangladesh delta

BEELS
Beels are bowl-shaped depressi-
ons in the landscape in the 
southwest delta of Bangladesh. 
They may be individually 
surrounded by low embank-
ments, located next to bigger 
river dykes, or within polders. 
They contain water during 
some periods of the year. 

Beel Dakatia, beel Bhaina 
and beel Khedaria have 
been mentioned in the 
article text and are 
indicated here; other 
beels are visible in 
shape and location.

Several beels/polders in the 
southwest delta of 
Bangladesh face water 
logging as well as silted 
rivers

With twice-daily high tide, 
water and sediments 
scoured from the river bed 
flow into the beel concerned

Twice-daily water flows out 
again, thereby leaving part 
of the scoured out sediment 
inside the beel

Over the years, river 
profiles improve as well as 
the height of the land, 
which is then taken into 
cultivation again

CONTROLLED 
TIDAL FLOODING

Bangladesh

Beel DakatiaBeel Dakatia

1

2

3

4

Beel

1

4

2

3

N

Z

OW

0 15



| 31 
 

 
 

Environmental 
delta 
dynamics8 
 
Average 
discharge 
main river(s)  
Flooding 
Sedimentation 
Coastal 
vulnerability 

 
 
 
 
2,300 m3/s  
+/- 
4 million tonnes/y 
+/- 

 
 
 
 
16,000 m3/s 
+ 
100 million tonnes/y 
+ 

 
 
 
 
30,000 m3/s  
++ 
1,000 million tonnes/y 
++ 

Population 
density 

500 pp/km2 425 pp/km2 1200 pp/km2 

Geographical 
setting case 

Intertidal area: tidal/riverine 
junction 

Inland riverine, with some 
tidal influence 

Active coastal tidal zone 

Long-term 
flood 
management 
policy 
reconsidered? 
 
 

Earlier via the Room for the 
River programme and 
currently via the Dutch Delta 
Plan and subsequent Delta 
Program (being 
implemented) 

Mekong Delta Plan 
(moving towards 
implementation) 

Bangladesh Delta Plan 2100 
(being finalized) 

 
Table 1. Detailed information about case study deltas. 

 

1.5.3 Data collection: literature review, interviews and delta tours 
Data collection for this study consists of literature analysis, semi-structured interviews and 

(pre-)field trips to the case study projects. Literature analysis included project documentation, 

policy plans, academic analyses of water and flood management policies, as well as various 

historically oriented literature. In Table 2 a selection of different types of consulted literature 

sources has been presented. 

Literature type Specification by means of selected 
examples 

Reason 

Environmental 
delta histories 

(Biggs, 2010; Ghosh, 2004; Iqbal, 2010; 
Nienhuis, 2008) 

Solid historical background, focus on water 
and flood management, of the deltas 
where case studies were conducted 

International 
examples of 
controlled 
flooding projects 

(Bates & Lund, 2013; Becker et al., 2015; 
Cox et al., 2006; Eden & Tunstall, 2006; 
Hartmann, 2010; Maris et al., 2007; 
Nowreen et al., 2013; Suddeth, 2011; 
Warner, 2008a) 

Relevance of the topic, insights in different 
case findings, information to base delta 
case selection 

Case-based 
project 
documentation 

Noordwaard de-poldering project 
(Projectbureau Noordwaard, 2009), Tidal 
River Management studies (Nowreen et 
al., 2013; A. Rahman, 1995; Rashid & 

Detailed understanding of (past) water and 
flood management projects or initiatives 

                                                      
8 Sources: (M. R. Islam, Begum, Yamaguchi, & Ogawa, 1999; Jansen, 2015; Manh, Dung, Hung, Merz, & Apel, 
2014; Nienhuis, 2008; Van der Most et al., 2009). 
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Rahman, 2010), Mekong controlled floods 
(Benedikter, 2013; Huu, 2011; Miller, 2003) 

Long-term policy 
plans 

Dutch Delta Plans (Delta Committee, 2008; 
Van Veen, 1962), Bangladesh Delta Plan 
(Consultant Team BanDuDeltAS, 2014), 
Mekong delta plans (NEDECO, 1993; 
Netherlands Delta Development Team, 
1974; Socialist Republic of Vietnam and the 
Kingdom of the Netherlands, 2013), see 
also (Miller, 2003; Seijger et al., 2016) 

Background of long-term policy plan 
formulation 

Policy studies (Benedikter, 2013; Dewan, 2012; Käkönen, 
2008; Rashid & Rahman, 2010; Van der 
Brugge, 2007) 

Analysis of policy change in water and 
flood management in the respective deltas 

Systems-
theoretical 
literature 

(Berkes et al., 2008, 2000; Gerrits, 2008; 
Haasnoot, 2013; Molle, 2003; Molle & 
Wester, 2009; Norgaard et al., 2009; A. 
Smith & Stirling, 2010; Van der Vleuten, 
2013) 

Background on systemic delta interaction 

 
Table 2. Selected examples of consulted literature. 

 
Interviews were held with stakeholders involved with water, delta and flood management: 

policy advisors, water engineers, environmental experts, researchers and local residents. An 

interview list is included in Appendix B. Interviews were (partly) transcribed and statements 

or potential quotes from respondents checked with the interviewees for validity. Field work 

in the Netherlands was carried out in 2012 and 2013. Field work in Bangladesh consisted of 5 

field visits, each lasting several weeks, between 2012 and 2014. Three trips were made to the 

Mekong delta, one in 2014 and two in 2016. Three MSc students have contributed with data 

collection: Jan van Minnen and Leendert de Die (2013) who developed their MSc theses on 

Tidal River Management in Bangladesh and Rik Heinen who engaged in an internship in Dhaka 

(2015) and via a student assistant position, conducted guided research in Vietnam (2016).  

After preliminary delta selection and case study identification (see 1.5.2), orientation field 

visits “delta tours” were conducted in the startup period of the research project, to assess the 

suitability of each case. Delta tours were conducted from the perspective of case orientation, 

and included visiting the case study sites, getting familiar with local settings, conducted 

informal and informative discussions about the research topic, and initial network building. In 

each case the topic was confirmed to be fully active, be it in terms of policy debates or in terms 

of implementation. Selecting cases may come with doubts and it would be justifiable to 

change or drop cases at all along the way (Ragin 1997). It was not necessary to change or drop 

cases, but what has influenced the positioning of the cases and case analyses is that the 

research took place over an extended period of time. This means that some controlled 

flooding projects could be studied “in reality” during implementation, while in other cases 
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controlled flooding initiatives remained plans on paper, potentially to be developed or 

implemented at a later stage.  

1.5.4 Dissemination of findings 
This thesis has an article-based structure, which means that individual chapters (2-5) have 

been submitted to and accepted for publication with peer reviewed academic journals. Based 

on to the analytical framework and findings presented in each chapter, it was decided which 

journal would be most appropriate to submit it for peer review. An important criterion was 

which audience could be reached via the respective journals, and whether journals had 

published on related topics before.  

Chapter 2 was published with Ecology&Society, a journal which publishes extensively on 

social-ecological systems analyses from a multidisciplinary perspective. The article was 

published at the end of 2015/early 2016 (http://dx.doi.org/10.5751/ES-08168-210108). It is 

an open access journal, and the article got around 3000 views and 1000 pdf downloads. The 

third chapter was submitted to Water International in 2014 with contributions from the entire 

supervision team (http://dx.doi.org/10.1080/02508060.2014.957510). The journal has a 

broad international audience of water management scholars and practitioners. Chapter four 

was published with Water Policy in 2017. Likewise with a broad international audience of 

scholars and policy-makers concerned with water policy processes, this journal was selected 

since the chapter specifically employs a tool for policy analysis: the policy pendulum swing 

concept (http://dx.doi.org/10.2166/wp.2016.029). The fifth chapter is published in the 

Journal of Environmental Policy and Planning. The journal’s audience works in the domains of 

environmental governance and policy planning. The article was accepted for publication in 

June 2017 (http://dx.doi.org/10.1080/1523908X.2017.1348287). 

Other kinds of dissemination of and discussions about research findings have been set up 

during (among others) a Delta Lessons Seminar in Bangladesh (2012), the Amsterdam 

International Water Week (2013), the Urbanizing Deltas of the World conference in Ho Chi 

Minh City in 2016, and a Delta Lessons Seminar in the Netherlands (2017). 

Each article makes use of infographics as a way to visually introduce the investigated case 

study. This approach has been found very useful since infographics are attractive and easily 

accessible ways to disseminate often complex information. The infographics have been 

designed in a coherent layout. 
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1.6 Thesis outline 
The structure of this thesis is based on a number of published articles included as chapters. 

Chapters 2-5 have been peer reviewed and published with different academic journals 

between 2014 and 2017. Chapter 1 provides the general background information, problem 

definition, and objectives of the study. Chapter 6 ties together the findings of the individual 

case study chapters and presents the conclusions. In particular, Chapter 1 has highlighted 

how, in several deltas around the world, initiatives to restore controlled flooding in deltas 

have taken shape. Taking place against the background of decades of flood prevention, 

restoring flooding presents an interesting topic of analysis; it relates to questions about long-

term delta sustainability and about the emergence of “greener” flood management 

approaches. The chapter explains how the selection of deltas and delta cases studies has taken 

place, and which research methods have been employed. 

Chapter 2 provides the more theoretical background on systemic delta interaction which has 

been used in the subsequent case study analyses. It explores social-ecological systems theory, 

but also investigates how the field of socio-technical systems research can contribute 

conceptually to this field. It introduces the concept of “delta trajectories,” which foregrounds 

that a systemic understanding of delta interaction is well-suited to explain how deltas evolve 

over time, but that the influence of technological systems (in this case, the system of hydraulic 

engineering works) should be explicitly acknowledged. In doing so, this chapter responds 

specifically to RQ1. Chapter 2 is published with Ecology&Society. 

Chapters 3-5 present detailed, empirical findings of three case studies, conducted in three 

different deltas, and provides answers to RQ2. Chapter 3 builds on Chapter 2 by underscoring 

the argument that hydraulic engineering has an important effect on the stability, and potential 

scope for change, of a delta development trajectory. This chapter shows how in the heavily 

engineered Dutch delta, technological lock-in and path dependency emerged. The Dutch delta 

development trajectory is not only relatively stable in terms of delivering flood protection, but 

therefore also distinctively rigid when it comes to aiming for change. The chapter investigates 

the de-poldering of the Noordwaard polder, and reflects on whether “bringing in” floods could 

contribute to long-term delta survival. It has been published with Water International.  

Chapter 4 explores the Bangladesh delta. Compared to the Netherlands, the Bangladesh’s 

delta purposefully presents different scales in many ways: environmental processes are much 

more dynamic, for example when looking at the enormous volumes of sediment-rich water 
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that are carried through the delta annually, and this implies that hydraulic engineering faces 

a very challenging environment. Also, population density is double compared to that of the 

Dutch delta, which means that space is scarce. The introduction of this chapter starts with a 

social-ecological exploration of the delta’s history, and describes how hydraulic engineering 

works have increasingly been constructed in an attempt to deal with the delta’s water 

volumes. It analyzes the emergence of the Tidal River Management concept, which involves 

the temporary flooding of coastal polders by means of tidal flooding, against a policy 

background characterized by debates on whether open or closed flood management 

approaches should be pursued. This chapter has been published with Water Policy. 

In Chapter 5, the Mekong delta is central. Also here, a social-ecological delta history 

intertwined with hydraulic interventions gave shape to the Mekong delta’s development 

trajectory. In terms of environmental dynamics, this delta is positioned as “in-between” the 

Netherlands and Bangladesh. Its current development path has been questioned in several 

ways; climate change impacts, changes in how the Mekong river’s water is being managed 

upstream, and the (un)sustainability of intensive rice production have been heavily debated 

by Vietnamese and international policy makers. This chapter has a stronger focus on past and 

contemporary policy formulation processes, zooming in on how controlled flooding has 

surfaced in a series of subsequent long-term delta plans for the Mekong delta. It has been 

accepted published with the Journal of Environmental Policy and Planning. 

Chapter 6 synthesizes the findings and presents conclusions. It brings together the findings of 

the preceding case study chapters, thereby concisely answering RQ2 and RQ3. Furthermore, 

it reflects on the way controlled flooding has been incorporated in long-term delta plans for 

the three deltas, and how this could affect the delta development trajectory (answering RQ4). 

The second part of this chapter positions case study findings in relation to (the realignment 

of) delta trajectories, as an answer to the MRQ. The final part discusses in which ways the 

presented findings contribute to academic scholarship. It includes a reflection on the use of 

the conceptual framework (related to RQ1), and closes with a short future outlook on studying 

controlled flooding initiatives in deltas.
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Chapter 2. Hydraulic engineering in the social-
ecological delta: understanding the interplay between 
social, ecological, and technological systems in the 
Dutch delta by means of ‘’delta trajectories’’ 
 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 

 

 
This chapter has been published as: Martijn F. van Staveren and Jan P. M. van Tatenhove (2016) Hydraulic 
engineering in the social-ecological delta: understanding the interplay between social, ecological, and 
technological systems in the Dutch delta by means of “delta trajectories.” Ecology and Society, 2016 
www.ecologyandsociety.org/vol21/iss1/art8/ 
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Abstract 

Several of the world's largest deltas have recently been conceptualized as social-ecological 

delta systems. Although such conceptualizations are valuable in emphasizing complex 

interaction between social actors and ecological processes in deltas, they do not go into 

specific dynamics that surround technological developments in the hydraulic domain. By 

drawing from concepts originating in socio-technical systems research, we stress the 

importance of technology, particularly the domain of hydraulic engineering, in shaping a 

delta’s future. Based on two geographically distinct cases of flood management infrastructure 

in the Dutch delta, we demonstrate the influence of existing hydraulic works, in mutual 

interaction with social responses and environmental processes, on the development of the 

congregated delta system over time. The delta trajectory concept is introduced as a way to 

understand the interplay between social, ecological, and technological systems in deltas. We 

discuss options to realign unsustainable pathways with more desirable ones. Adaptive delta 

management presents a policy environment where these messages may be picked up.  

Keywords 

Adaptive delta management; delta trajectory; flood management; hydraulic engineering; path 

dependency; social-ecological systems; technological lock-in 
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2.1 Introduction 
Deltas are among the most resource rich and environmentally dynamic ecosystems on earth 

(MEA, 2005) They are said to provide delta services (Lund et al., 2008) ranging from fertile soil 

and various natural resources to a geography that allows for easy settlement, transportation, 

and navigation. Delta inhabitants have for centuries attempted to manage such services for 

human betterment: to draw from or enhance positive services on the one hand, while trying 

to control or reduce perceived negative services on the other. Dealing with a delta’s water 

resources (and, strongly related, erosion and sedimentation processes) is an exemplary 

domain of both sides of the coin: Irrigation systems are built to further improve distribution 

of limited water resources for the benefit of agricultural production, and flood management 

infrastructure is constructed to deal with high water levels in rivers or coastal areas. Hydraulic 

works have thereby significantly impacted environmental processes in deltas (Syvitski et al., 

2009). Considering general socioeconomic trends, growing pressure on space, and climate 

change consequences in deltaic environments, dealing with water and floods will be one of 

the most dominant issues for delta managers in the decades to come (Syvitski, 2008; Van der 

Most et al., 2009). In turn, hydraulic infrastructure will continue to play a central role in 

shaping future human-environment interactions in deltas.  

Within the broader field of human-environment studies, social-ecological systems (SES) 

theory is frequently used to study interactions between human actors and environmental 

processes. From this perspective, several of the largest of the world’s deltas have recently 

been conceptualized as social-ecological delta systems (delta-SES) (Renaud, Syvitski, et al., 

2013). Similar ideas also have been used at the level of large river basins, most of which include 

deltas (Cumming, 2011). Although studies inspired by delta-SES argue that human-induced 

hydraulic interventions often negatively influence environmental processes in deltas, they do 

not go into details of how such technological dynamics in the hydraulic domain came about, 

and how they continue to steer delta futures.  

Therefore, we were interested in further exploring how these dynamics, in particular the role 

of hydraulic engineering works, influencing and being influenced by social-ecological 

interactions in delta systems, affect the development pathway of the composite delta system. 

To do so we drew from socio-technical systems research. This simultaneously responds to 

earlier firm calls for intensified dialogue and exchange between SES research and socio-

technological systems studies (A. Smith & Stirling, 2010). Insights from socio-technical systems 
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research contributes to continued debate regarding the place of technology and technological 

processes in relation to SES conceptualizations (A. Smith & Stirling, 2010). 

The article introduces the concept of delta trajectories, with the objective to enrich SES-style 

analyses of deltas with ideas about technological development. Presented as an analytical 

tool, delta trajectories may be used to assess and understand the evolution of a delta-SES over 

time under the influence of mutually interacting social, ecological, and technological systems. 

We argue that the concept is useful in understanding how past hydraulic interventions are still 

profoundly shaping the present-day delta “state,” as well as outline, in an extrapolative 

fashion, possible future delta-SES pathways. This is particularly relevant when it comes to 

discussing delta futures or long-term delta planning, which is sometimes done by means of 

SES perspectives but which does not take into account the in-depth conceptual lessons that 

socio-technical system research offers. We support our observations by discussing a number 

of contemporary flood management interventions materializing in several of the world’s 

deltas; we also present options to realign identified unsustainable pathways with more 

sustainable ones, or to avoid unsustainable paths in the first place.  

2.2 Technology in human-environment conceptualizations 
Human-environment studies frequently adopt system views to understand the complex and 

intricately linked dynamics of actors, environmental processes, and physical networks, or 

respective systems (Gerrits & Marks, 2008; Glaser, Krause, Ratter, & Welp, 2008; Harden, 

2012). Among these are systems theory (Berkes et al., 2008, 2000), complex adaptive systems 

perspectives (Dammers et al., 2013; Rammel et al., 2007), and coevolutionary ideas about 

systems development (Norgaard, 1994; Norgaard et al., 2009). Despite differences and 

variations in analytical emphasis, the approaches have in common that they stress dynamic 

interaction between social and ecological (sub)systems, and nonlinearity of system 

development over time.  

Using an SES perspective primarily centers around notions of mutual interaction and 

coevolution of the social and ecological (Berkes et al., 2008, 2000; Gallopín, 2006; Norgaard 

et al., 2009). A coupled SES is conceptualized as moving over time through a trajectory of 

states, conditioned by various endogenous and exogenous processes including technologies 

(Smith and Stirling, 2010, based on Walker et al. 2006). Analytically, SES perspectives may be 

used as frameworks to assess how interactions between the social and the ecological take 

shape, and how the system under review evolves as a whole as an outcome of these 
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interactions (Berkes et al., 2008, 2000; Enfors, 2013). Concepts such as resilience and 

adaptability express systemic states or capacities for change (Walker et al. 2006; Folke et al. 

2010), whereas “rigidity traps” express persistent, inflexible system states (Gunderson, 

Garmestani, Rizzardi, Ruhl, & Light, 2015). 

The SES approach proved to be useful to study the impact of human interventions on 

ecosystems, resulting in recommendations to improve environmental policy and governance 

arrangements, and to formulate concrete management options (Anderies, Janssen, & Ostrom, 

2004; Domptail, Easdale, & Yuerlita, 2013; Folke, Hahn, Olsson, & Norberg, 2005; Lebel et al., 

2006). At the same time, Halliday and Glaser (2011) argue that the approach will benefit from 

further conceptual exploration, refinement, and operationalizing frameworks.  

2.2.1 Delta-SES 
Recently, several of the world’s largest deltas, such as the Mekong delta (Garschagen, 2010), 

the Sacramento-San Joaquin delta (Norgaard et al., 2009), the Dutch delta (Pel, Verkerk, Van 

Buuren, & Edelenbos, 2014) and the Nile delta (Redeker & Kantoush, 2014) have been 

conceptualized and studied as complex delta-SES. Using these frameworks is primarily driven 

by the different kinds of complexity encountered when dealing with water-related challenges 

in delta areas (Pel et al., 2014). 

Both general and delta-specific SES studies have in common that they tend to criticize the 

aggravating human impacts on the delta ecosystem in the form of urbanization, reduction of 

natural area and ecosystem dynamics, and indirectly, climate change effects. Technology or 

infrastructure is thereby assessed in a dichotomous way. Flood protection infrastructures, 

such as high embankments, prevent flooding but also impact the ecosystem dynamics in which 

they are constructed. Scholars have argued that some deltas may be classified as 

Anthropocene-delta-SES, in which human hydraulic engineering has completely altered the 

initial Holocene delta-SES beyond recognition and resulted in irrevocable impacts (Renaud, 

Syvitski, et al., 2013). As formulated by Syvitski and Saito (2007, p.261) “…human engineering 

is now a major influence on the growth and evolution of many deltas, through control of the 

flow path of distributary channels, and mitigation of the seasonal flood wave with 

concomitant change in the delivery of sediment load.” Although we concur with general 

observations that hydraulic engineering is profoundly impacting deltas, much more is to be 

said about how such interventions materialize and continue to affect delta futures, in other 

words, are persistent in delta systems over time.  
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2.2.2 Into technology: hydraulical engineering systems in deltas  
Insights from socio-technical systems research can contribute to continued debate regarding 

the place of technology and technological processes within SES theory (Kemp & Rotmans, 

2005; A. Smith & Stirling, 2010; Young et al., 2006). Despite the different thematic interests, 

conceptual frameworks, and general objectives of socio-technical systems research, both 

fields of study find each other in addressing complex and dynamic interactions in systems, 

while proposing forms of governance for sustainability (Rijke, Farrelly, Brown, & Zevenbergen, 

2013; A. Smith & Stirling, 2010) or managed transitions (Fischer-Kowalski & Rotmans, 2009). 

From the broad domain of socio-technical systems research, we have a prime interest in the 

subfield of large technological systems (LTS) research and associated conceptual vocabulary, 

because those perspectives are applicable to the examples of large-scale hydraulic 

engineering that will be discussed later on. 

The LTS field emphasizes the rigidity and long-term persistence of hard infrastructure over 

time by means of the mutually related concepts of path dependency and technological lock-

in. In the literature, path dependency and technological lock-in are often used 

interchangeably, but a distinction can be made between them. Path dependency emphasizes 

future development of a system, whereas technological lock-in emphasizes a certain system 

state. The central idea of both is that technology and technological systems follow 

development paths that are specific, persistent, and relatively difficult to step away from 

(Nelson & Winter, 1982; Perkins, 2003). Following Wynne (in Feenberg, 2010, p.x), “Complex 

and usually distributed but highly coordinated modern technologies, once established, lay 

down both material and imaginative pathways and constraints that themselves effectively 

delimit what may be seen as possible future developments.”  

The explicit aim of LTS research is to study the development of LTS embedded in their wider 

social and environmental context (Hughes, 1983; Hughes, 1987), such as electricity networks 

or railways. In a narrative, case study–oriented research style (Van der Vleuten, 2013), a 

conceptual vocabulary has developed that explains the emergence, expansion, and general 

development of technological artifacts and their composite systems. From this perspective, 

technology researchers have shown an interest in studying the historic evolution and 

contemporary manifestation of hydraulic engineering systems using LTS or strongly related 

perspectives (Bijker, 2002; Kaijser, 2002; Van der Vleuten & Disco, 2004), explaining 

contemporary unsustainable system states or technological pathways in deltas (Gerrits & 

Marks, 2008; Syvitski et al., 2009; Sze et al., 2009; Wesselink, Bijker, de Vriend, & Krol, 2007). 
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From here on, when referring to a technological system, we specifically mean a hydraulic 

engineered system. A broadly defined hydraulic engineered system may comprise canals 

(irrigation, drainage, or navigation), sluices, locks, pumps, small-scale hydraulic works, dams, 

coastal or river embankments (also called dikes or levees in different parts of the world), or 

storm surge barriers. We focus empirically and analytically on the latter two.  

2.2.3 Pathways to the future: delta trajectories  
To better analyze how environmental, social, and technological systems interact in deltas, we 

introduce the delta trajectory concept. We define the concept as an analytical tool, intended 

to understand and assess the dynamic coevolution and interplay of environmental dynamics, 

social processes, and hydraulic infrastructure in delta-SES over time. It departs from social-

ecological conceptualizations of deltas, emphasizing complexity, coevolutionary change, and 

nonlinearity in systems development, while incorporating insights from the domain of socio-

technical systems research about the development of technological systems. Insights resulting 

from delta trajectory analyses are useful when discussing the future of the delta system under 

scrutiny, if centered around underlying challenges regarding water and flood management. 

With the delta trajectory concept, it is on the one hand possible to analyze the way past 

hydraulic engineering has affected and will affect delta futures, while on the other hand this 

concept provides scope to the development of sustainable pathways.  

Complexity issues surface instantaneously when trying to get hold of the environmental delta 

system under scrutiny. Considering that water, floods, erosion, and sedimentation processes 

all originate in or are influenced by drivers outside the imaginary or formally delineated delta, 

and also materialize differently day by day, it is practically impossible to define geophysical or 

ecosystemic delta boundaries. Therefore, national borders or institutional jurisdiction do not 

correspond with the geophysical delta, invoking political-ecological tensions when it comes to 

delta governance. Advantages and disadvantages of attempting to define system boundaries 

are provided in studies done by others (Alessa et al., 2009; Halliday & Glaser, 2011). Here we 

argue that a too narrow delineation (“delta blinkering”) of a delta system comes with risks. 

When sea currents or upstream rivers supplying sediment are not considered to be within a 

delta’s boundaries, these sedimentation processes may be left out and not assessed for their 

capacities in raising a delta’s land surface. Narrow views may likewise disregard political 

realities when it comes to governance arrangements, policy processes, and social participation 

in hydraulic decision making or re-engineering in international delta regions (Bijker, 2007; 

Huitema and Meijerink, 2010). 
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The delta trajectory concept underscores the materiality and persistence of engineered works 

in driving the collective delta-SES trajectory. These works may start relatively small, tending 

to expand spatially over time, or take form in relatively large engineered objects such as 

coastal dams. Assuming that these structures perform in terms of preventing floods, hydraulic 

choices are often maintained by building on prevalent and proven conceptual approaches 

(Garrelts & Lange, 2011; Lach, Ingram, & Rayner, 2005). In addition to this socio-institutional 

dimension, the sunken costs of expensive technology make it economically more efficient to 

continue in the line of the established pathway (for example, by heightening or reinforcing 

existing embankments in response to floods), compared with fundamentally different 

strategies, such as river widening or embankment relocation (Bubeck et al., 2013; Garrelts & 

Lange, 2011; Ingram & Fraser, 2006). 

This is, however, not to say that a certain pathway is set in stone forever. A profound change 

of course in flood management strategy can materialize, but this would require great 

economic efforts and substantial change in policy, or as some argue from a somewhat fatalistic 

perspective, an occasional major flood event to initiate such drastic change (Geels & Schot, 

2007; Huitema & Meijerink, 2010). We look here at the capacities of social actors, notably 

policy makers and river managers, but also at other professional domains and social groups 

that have increasingly involved themselves with hydraulic decision making to proactively 

either maintain an inherited technological path or to pursue an alternative trajectory. A case 

in point is the growing influence of social actors, ecologists, and hydraulic engineers favoring 

ecosystem-based approaches to water management during what has been labeled the 

ecological turn in Dutch water management (Disco, 2002; Saeijs, 2008). This has laid a basis 

for contemporary ecoengineering, or building with nature-inspired thinking (Van Slobbe et al., 

2013; Waterman, 2008). 

Managed change in flood management strategies commonly takes shape as a gradual 

transformation or incremental change to a prevalent approach instead of a radical shift 

(Huitema & Meijerink, 2010). Policy change can be driven by policy entrepreneurs, individuals 

maneuvering between dominant policy approaches and personal objectives to bring in 

paradigmatic changed (Huitema & Meijerink, 2010). Similarly, physical adjustments to 

infrastructure or changes in management operations of the engineered works may materialize 

in the form of technological add-ons, thereby offering some room to maneuver from relatively 

strong development paths (Geels & Schot, 2007; Ingram & Fraser, 2006). 



| 45 
 

 
 

The delta trajectory concept is inspired by river basin trajectories (Molle, 2003; Molle & 

Wester, 2009) and “dynamic adaptive policy pathways” (Haasnoot, 2013). River basin 

trajectories challenge linear thinking by arguing that there is no specific, preset direction or 

path for how river basins develop, both technologically and institutionally, over time (Molle, 

2003). The dynamic adaptive policy pathways approach provides a framework to help 

assessing the “expiry date” of certain policy actions, providing indications as to whether path 

dependencies and lock-in situations may be encountered, and which management options are 

available to shift strategies (Haasnoot, 2013). On a different note, it has been argued that 

small-scale water system innovations have the capacity to open up new development 

trajectories (Enfors, 2013). Although these approaches mention the role of technology in 

shaping dynamics with and between social actors and environmental processes in deltas, they 

do not further explain how and why such dynamics are taking shape. This will be discussed in 

the second half of the article.  

2.3 Methodology 
To illustrate how delta trajectories develop over time as the result of the interplay of 

environmental dynamics, social drivers, and hydraulic system development, we selected two 

cases of hydraulic engineering in the Dutch delta: the Oosterschelde storm surge barrier as an 

example of path dependency and the delta’s river embankment network as an exemplary case 

of lock-in in delta trajectories. These cases illustrate in a detailed, empirical way how complex 

interactions give shape to a particular development trajectory. The analyses of the cases is 

based on the theoretical-conceptual lessons outlined above to scrutinize complex delta 

developments. The analyses function as examples for similar investigations in other deltas or 

delta regions, where hydraulic infrastructure and social-ecological processes interact.  

Characteristic for the Dutch delta9 (see Figure 5 below) is low-lying land formed by the rivers 

Rhine, Meuse and Scheldt, in tidal interaction with the North Sea. Centuries of water flows, 

erosion, sedimentation, vegetation growth, and human-induced modification by means of 

hydraulic engineering works are giving shape to a hybrid water-landscape. Drawing from 

insights from the Dutch delta is also legitimate because there is a growing interest in 

approaching the Dutch delta as a complex SES (Pel et al., 2014), because of the interest in 

hydraulic engineering from a socio-technical systems perspective (Bijker, 2002; Kaijser, 2002; 

                                                      
9 In the light of the earlier discussion on delta boundaries, the “Dutchness” of the delta should be nuanced 
because the majority of water and sedimentation inflow in the delta comes from upstream countries, while 
Belgium (using the Westerschelde for the Port of Antwerp’s shipping movements) is an important stakeholder 
when it comes to hydraulic engineering choices in the southwest delta region of the Netherlands. 
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TeBrake, 2002; Van der Vleuten & Disco, 2004), and because plans are being drawn up that 

address the challenges of dealing with long-term delta dynamics (Delta Program 2015, see 

also http://deltacommissaris.nl/english/, accessed April 2015). We depart from these 

examples because the hydraulic structures on which the accredited Dutch success in dealing 

with water-related challenges are based, display characteristics of technological lock-in and 

path dependency that only rarely are acknowledged or critically reflected on. 

 

 

  

 

 

 

 
 
 

 

 
 
 
 

 

 
 

 
Figure 5. The Netherlands, located in northwest Europe. For images and additional background see 

www.martijnvanstaveren.blogspot.nl/2016/01/background-info-oosterschelde-storm.htm and 
www.martijnvanstaveren.blogspot.nl/2016/01/ background-info-embankments-in.html, respectively. 

 
In this paper we place the empirical insights (primary data based on interviews, and secondary 

and referenced data based on literature) regarding historic developments in hydraulic 

engineering in the Netherlands in the light of contemporary debates about long-term, 

adaptive delta and flood management plans involving these structures.  
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2.4 Delta trajectories: examples from the Dutch delta 

2.4.1 Oosterschelde storm surge barrier: pivotal in delta decisions and initiating 
path dependency  

After a devastating flood in the southwest delta of the Netherlands in 1953, plans for large-

scale hydraulic works closing off most of the delta estuaries resurfaced. The so-called Delta 

Plan was presented as the project of the century: an icon of Dutch flood management-to-be 

and exhibiting full control over the forces of nature. The plan dated back to the 1940s but 

needed an actual flood disaster before it was taken up by governmental policy makers. It 

foresaw closing off the estuaries in the southwest delta by means of dams, each several 

kilometers long. Illustrative of a political dimension in hydraulic delta engineering (see also 

Bijker, [2007[) was that only the Westerschelde, connecting the Port of Antwerp to the North 

Sea, was exempted from being closed off. Dams in the other estuaries would substantially 

shorten the coastline; therefore, investments to reinforce and heighten hundreds of 

kilometers of more inland estuarine embankments could be dropped. As a consequence, 

however, the closures would halt tidal movement in the delta estuaries, forming new delta 

lakes containing water of a mixed quality and foreseen to slowly shift from saline tidal water 

to fresh water entering the lakes from upstream rivers (Bijker, 2002; Van Veen, 1962).  

The 9-km-wide Oosterschelde estuary presented the biggest engineering challenge. It was 

therefore planned to be the final closure, enabling the incorporation of lessons learned from 

preceding closures. When construction works of the Oosterschelde dam took off in the 1970s, 

the negative environmental impacts of those earlier closures boldly came to the fore: Instead 

of an expected transition from tidal saline estuaries to fresh water lakes, water quality in the 

new delta lakes quickly deteriorated. The Rhine river supplying water from upstream was at 

the time severely polluted, and marine ecosystems were quickly affected. Social pressure from 

concerned groups, but also growing professional doubts about environmental impacts of such 

large-scale engineering, were instrumental in the decision to step away from the plan to fully 

close off the Oosterschelde estuary. After years of social protests, compromising politics gave 

civil engineers leeway to pick up the idea and undertake the professional challenge of 

designing a storm surge barrier. In contrast with a fully closed dam, the designed storm surge 

barrier consisted of 62 sluice gates that are usually open to allow tidal movement and that can 

be closed individually in times of high water in the North Sea. The redesigned storm surge 

barrier would provide unprecedented flood protection to the region, while taking ecosystem 

dynamics into account (Bijker, 2002). 
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The structure was presented as the masterpiece of Dutch hydraulic engineering, and at the 

time it promised to provide full flood protection for 200 years. This framing enabled 

acceptance of the project budget, which more than doubled to about 2.5 billion euros. The 

storm surge barrier fulfils its task when it comes to flood protection: Since its completion in 

1986 the barrier has been closed more than 20 times to resist storm surges, most recently on 

October 21, 2014 (see http://en.wikipedia.org/wiki/Oosterscheldekering, accessed November 

2014). However, it came with several environmental feedbacks. Although the barrier allows 

the majority of tidal inflow and outflow of water in the estuary, the reduction in volume is still 

substantial, which causes rapid erosion and disappearance of mud flats and tidal creeks in the 

Oosterschelde’s interior. This causes the estuary bed to even out and at some locations 

undermines the foundations of embankments, making their underwater slope steeper. These 

second-order effects are met with additional engineering activities: Extensive sand 

supplementation is now done at strategic locations inside the estuary and broader delta, 

trying to compensate for the erosion losses of the mud flats. Within the context of the Building 

with Nature Programme, ecoengineering is brought forward as an approach to balance 

ecological dynamics and hydraulic engineering in the southwest delta, e.g. by using oyster 

reefs to stabilize eroding mud flats (De Vriend & Van Koningsveld, 2012). These interventions 

are presented as hydraulic innovations (Rijkswaterstaat, 2008). 

Cautious suggestions by the Delta Commission in 2008 to critically evaluate the barrier’s 

functioning and future, hinting at potential removal, were heavily criticized. Other calls to 

deconstruct the barrier, notably on the part of environmental protection and conservation 

organizations, also rocked the boat, leading to responses stating that it is out of the question 

that the storm surge barrier would be removed prematurely. Long-term water and flood 

management strategies being drawn up for the southwest delta repeat the latter position, 

considering the option of dam removal unrealistic. In sum, such strategies pivotally revolve 

around the enduring presence of the barrier in the delta, which is foreseen for another 150 

years, underscoring the robustness and long-term rigidity of this hydraulic structure 

(Deelprogramma Zuidwestelijke Delta, 2014; Delta Committee, 2008; Rijkswaterstaat, 2008). 

2.4.2 River embankments and impoldering: initiating a technological lock-in  
Hydraulic engineering used to provide protection from river floods and options to locally 

manage water includes river embankments, the practice of impoldering (reclaiming land by 

means of circular embankments, and small hydraulic works to manage water in their interior) 

in river floodplains or wetlands, and various types of small-scale engineered works, such as 



| 49 
 

 
 

canals, dams, sluices, and gates. A large network of river dikes, established and expanding 

since the 13th century predominantly in the centrally located region of the Netherlands, 

significantly decreased both the frequency and magnitude of river floods. Agricultural 

production could intensify (also because of better water management in protected lands), 

spurring socioeconomic development behind the embankments. At the same time, however, 

water drainage, digging for peat to be dried and used as fuel, and soil compacting caused land 

subsidence in protected or newly reclaimed lands (Kaijser, 2002; TeBrake, 2002; Van de Ven, 

2004; Van der Vleuten & Disco, 2004). 

The engineered constructions themselves impacted the hydromorphological regime within 

the rivers as well as the delta estuary. Embankments not only withheld flood waters, but also 

halted the seasonal deposition of sediments, clay, and silt on floodplains. Instead, sediment 

matter settled on, and silted up, the river beds, which increased water levels. In response to 

these issues, repetitive cycles of raising or strengthening embankments followed; in some 

areas of the Netherlands embankments are 8 m in height compared with the mean level of 

the land, holding back meters of water. This moved the Dutch delta toward a technological 

lock-in of ever-increasing embankment levels. Questions were raised about how long this can 

go on, both in technological and socioeconomic terms (Gerrits & Marks, 2008; Wesselink, 

2007).  

Over the centuries discussions arose occasionally, especially after near flood events that 

showed the relative vulnerability of “living low” behind high embankments, about whether 

the traditional approach of river embankments for flood prevention was still the right path to 

follow, or whether a more spatially oriented approach to dealing with floods (based on 

diversions, temporary water storage, or embankment relocations) should be pursued (Van 

Heezik, 2008). This debate was most recently and vigorously held after near floods in the mid-

1990s, but it did not tip the balance to one strategy in particular. The Room for the River 

Programme (2005-2015) that was subsequently formulated strongly advocated for the spatial 

flood management paradigm, but it was also preceded by a fast-track, large-scale 

embankment reinforcement programme (Warner et al. 2013). Within the context of the 

program several river stretches have been widened or “depoldered” with the aim of 

combining water safety and nature restoration at the expense of agriculture. Such spatial 

solutions require huge investments, especially when compared with strengthening existing 

embankments. A recent program updating long-term flood management strategies in the 

Dutch delta stressed that investment in strengthening existing embankments was more cost-
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effective than, for example, spatial measures that would require buying out of farmers and 

acquiring land rights (Deelprogramma Rivierengebied, 2014). The program introduced new 

flood protection norms that require several hundred kilometers of embankments to be 

strengthened and/or raised before 2050 (Deelprogramma Rivierengebied, 2014). At the same 

time, proposals to slowly move away from the river embankment protection strategy and look 

for options that are deemed to address technological lock-in have received lots of criticism, 

both professionally and from broader society (Enserink 2004; Warner 2008). On an individual 

basis, projects in which removal or lowering of embankments is incorporated (see 

www.waterdunen.com and www.perkpolder.nl, in Dutch, accessed November 2015) also met 

fierce protests from social actors defending the dikes (Warner 2008; Van Staveren et al. 2014). 

2.4.3 Analysis and discussion: realigning unsustainable delta pathways  
The above accounts show that the interaction between social, ecological, and technological 

subsystems are complex and influence each other mutually. Regarding the coevolution of 

subsystems, we primarily observed that environmental processes and technological 

developments have become strongly intertwined in the form of the Building with Nature and 

Room for the River programs.  

Moreover, they have shown how in the Dutch social-ecological delta, decisions made in the 

distant past have initiated technological trajectories based on large-scale flood prevention 

schemes. Issues associated with technological lock-in and path dependency materialized, 

which are regionally specific depending on particular environmental processes or social 

drivers. Environmental consequences of technological lock-in and path dependency usually 

are addressed by policy makers and hydraulic engineers as second-order problems and are 

counteracted by new sequences of hydraulic engineering: raising embankments to deal with 

higher flood risks as a consequence of higher water levels in the rivers and subsiding polders, 

and sand supplementation to compensate for tidal flat erosion following the construction of 

the Oosterschelde storm surge barrier. Nevertheless, considering long-term impacts of dams 

and dikes, scholars have argued that the Dutch delta finds itself in unsustainable conditions in 

the long run, with slowly subsiding polders on the one hand and rising sea levels on the other 

(Gerrits & Marks, 2008), while environmental dynamics in the southwest delta are under 

increasing pressure.  

Delta-SES that run the risk of moving toward an unsustainable or undesirable system state 

may benefit from conceptual ideas and practical interventions that can reorient an inherited 

technological pathway. We chose to further explore this primarily from the perspective of 
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ecological engineering. Coastal realignment, as an example of ecoengineering, has been 

brought forward as an approach to bring social and technological dynamics in tune with the 

options, or limitations, of coastal environmental processes (French, 2006; Pethick, 2002). It 

steps away from a sole focus on rigid flood defense structures and aims for a balance between 

hard and ecosystem-based measures (French, 2006; Pethick, 2002). This often involves 

managed retreat at locations where hard coastal protection is no longer justifiable, given the 

socio-economic conditions in the area at hand. On similar terms, eco-engineering approaches 

take a different stance towards environmental processes, positioning itself as reconciling 

hydraulic engineering with different gradations in the incorporation of ecosystem dynamics in 

design and operation of hydraulic works (De Vriend & Van Koningsveld, 2012), using 

terminology of ecotechnical system building (Van der Vleuten 2013, p.220), ecological 

engineering (Borsje et al., 2011) or building with nature (Korbee & Van Tatenhove, 2013; Van 

Slobbe et al., 2013; Waterman, 2008). 

When discussing realignment of a delta trajectory, timescales are important. Adopting long-

term timescales may help to be reflexive about the unintended consequences (Tenner, 1997) 

of hydraulic engineering. On relatively short- and medium-term timescales, hydraulic 

engineering works provide protection from extensive floods, thereby facilitating 

socioeconomic development. When seen over much longer timescales, however, the negative 

impacts of such repetitive interventions also materialize: Flood prevention inhibits the 

accretion of land in polders because of prevention of sedimentation, and polders start to 

subside. In environmentally relatively stable deltas such as those in the Netherlands, these 

processes materialize only very slowly, especially in contrast to, e.g., the Bangladesh delta, 

which is home to much more dramatic water and sedimentation processes.  

2.4.4 Realignment in the Dutch delta  
In the Dutch delta, realigning flood protection with long-term coastal environmental 

processes is the central tenet of the Sand Engine project (www.dezandmotor.nl/en-GB, 

accessed April 2015). North Sea currents slowly erode an artificially constructed sand island, 

dispersing its particles along the coast. This compensates for erosion in sections along the 

coast just north of the project site, which would otherwise require large scale-sand 

supplementation (Janssen, Van Tatenhove, Otter, & Mol, 2015). Similar plans have been 

proposed for the southwest delta region (Grontmij, 2012). Several ecosystem-based hydraulic 

measures, e.g., constructing oyster reefs to stabilize eroding mud flats, have been proposed 
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to address second-order erosion problems following the construction of the Oosterschelde 

storm surge barrier (Rijkswaterstaat, 2008). 

Realignment of unsustainable trajectories in the riverine region may likewise be addressed by 

ecosystem-based interventions, although this in practice results in different types of projects. 

River widening and depoldering take place at various locations in the Netherlands, which 

involve partial removal or lowering of river embankments. This restores flood dynamics in 

widened floodplains. Although depoldering, controlled flooding, and restored sedimentation 

processes in theory offer a way to break out of a technological lock-in (compensating for soil 

subsidence by increasing land height), it is not self-evident that this is pursued in practice. 

When sedimentation takes place in reconnected floodplains during floods, these new layers 

of soil are removed because the sedimentation would hamper the discharge capacity of the 

depoldered area (Van Staveren et al., 2014). In other large world deltas, however, despite 

differences in social-ecological drivers, temporarily restoring flood dynamics and capturing 

sediments in polders to increase land height are practiced: See Cox et al. (2006) and Maris et 

al. (2007) describing this for locations along the Zeeschelde in Belgium (the Flemish part of the 

Scheldt estuary), Bates and Lund (2013) for the Sacramento-San Joaquin delta in the United 

States, and Nowreen et al. (2013) for polders in the southwest delta of Bangladesh.  

2.4.5 Realigning trajectories with adaptive delta management  
Ideas about realigning trajectories are implicitly pursued by adaptive policies. Confronted by 

complex challenges taking place at the intersection of environmental dynamics, technological 

developments, and social processes, delta managers are turning to adaptive policies that can 

easily be adjusted over time when necessary (Walker et al. 2001; Clark 2002; Voß and 

Bornemann 2011; Becker et al. 2015). This rationale has been the foundation of adaptive delta 

management (Stratelligence, 2012) which has been developed within the context of the Dutch 

delta programme10 (Delta Programme, 2015, p.138). Central to adaptive delta management 

is thinking along potential socioeconomic development scenarios for which certain policy 

responses can be formulated, the use of adaptation pathways to deal with climate change, 

and tipping points assessing the effectiveness of policy actions (Haasnoot, 2013; Marchand & 

Ludwig, 2014). As observed earlier, these approaches have set long-term timescales for which 

                                                      
10 This national programme was launched in 2011 with the objective of developing adaptive policies in socio-
economic and climate related domains, resulting in practical challenges in the field of flood protection and fresh 
water supply in the Dutch delta (Delta Programme 2015. The final programme report has been made available 
in English. See also http://deltacommissaris.nl/english/, accessed April 2015). 
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the delta trajectory concept might be of additional use, emphasizing historical aspects in delta 

planning and calling for realignment of unsustainable pathways.  

2.5 Conclusion 
Several of the world’s deltas have recently been conceptualized and studied as complex social-

ecological delta systems, or delta-SES. This does justice to the dynamic nature of deltas, in 

terms of both environmental processes and social structures, which are capricious and difficult 

to delineate. Conceptualizations inspired by Delta-SES stress the importance of hydraulic 

engineering in shaping system states and system pathways, but apart from criticizing its 

environmental impacts, have been less explicit in explaining how specific dynamics 

surrounding technological developments in deltas take place.  

Responding to calls for an intensified exchange of insights and ideas between the social-

ecological and socio-technical systems research domains (Smith and Stirling 2010), we have 

explored dynamics in the hydraulic domain via the concepts of path dependency and 

technological lock-in. This has laid the basis for the delta trajectory concept, which is put 

forward as an analytical tool to understand the historic evolution and congregated outcome 

of systemic interplay between the social, environmental, and hydraulic systems in deltas over 

time. By means of the delta trajectory concept, hydraulic interventions may be assessed in 

relation to the complex delta setting in which they are constructed. By doing so, the delta 

trajectory concept calls for specific attention to the influence of hydraulic choices in the past 

on the historic, present, and future delta states, which reinforces the notion that hydraulic 

history matters (Kaijser 2004). In reinforcing interaction with social and ecological processes, 

hydraulic engineering acts as a strong driver of a development pathway of the social-ecological 

delta.  

We have used illustrative cases to describe two delta trajectories centered around large 

hydraulic works in the Dutch delta. The river embankment network and a large storm surge 

barrier provide high flood protection standards, facilitating socioeconomic development. They 

also came with unintended or unforeseen consequence such as soil subsidence, which has led 

some scholars to argue that the Dutch delta finds itself in unsustainable conditions in the long 

run (Gerrits & Marks, 2008; Wesselink, 2007).  

The delta trajectory concept shows that technological interventions done in the past 

profoundly shape the direction in which deltas develop. The challenge for delta managers is, 

therefore, not to pinpoint the present and start from there in designing future policies and 
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delta interventions, but to depart in their work from the “hydraulic heritage,” its enduring 

consequences, and options for improvement and adaptation over time. Within the context of 

adaptive delta management policies, delta managers are confronted by the general challenge 

to tune hydraulic interventions with long-term sustainable delta pathways.  

Ecologically informed or ecosystem-based forms of hydraulic engineering can be used for 

gradual, region-specific reorientations based on eco-technological add-ons. This does justice 

to the physical rigidity of infrastructure, to past investments involved, and to interventions 

depending on environmental processes. A more thorough understanding of technological 

development in the hydraulic domain, in relation to social drivers and environmental delta 

dynamics, will contribute to formulating sustainable social-ecological delta futures. 
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Abstract 

Controlled flooding, while heavily contested, is being experimented with in the Dutch delta as 

a new and ecologically oriented strategy to deal with floods, in contrast to the conventional 

flood prevention paradigm. The Noordwaard project (2012–15) represents an exemplary case. 

At the expense of agricultural practices, land is set aside occasionally to accommodate river 

floods, while restored flood and tidal dynamics aim to benefit nature development. It is argued 

that although controlled flooding aims to restore historical land and water dynamics in the 

area, the role of sedimentation processes has remained largely unaddressed in relation to 

shaping long-term delta futures. 

Keywords  

Deltas; flood management; technological lock-in; de-poldering; controlled flooding; the 

Netherlands 
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3.1 Introduction 
In deltas11, such as the Dutch delta encompassing the Rhine, Meuse and Scheldt rivers, dealing 

with water and floods is a never-ending challenge. The Netherlands has in large part been 

created and shaped by means of hydraulic engineering and, likewise, dealing with delta floods 

has generally been based on technocratic approaches, resulting in infrastructure aimed at 

“fighting the everlasting battle with water” and “preventing floods and protecting the land” 

(Van Stokkom, Smits, & Leuven, 2005; Wesselink et al., 2007). However, following societal 

concerns about the environmental impact of a large-scale flood protection infrastructure 

programme during the 1950s and 1960s, full reliance on infrastructure and striving for water 

control according to human needs started to be challenged forcefully in the 1970s (Bijker, 

2002; Disco, 2002). This boosted the ‘ecological conceptualization’ of water and flood 

management in the Netherlands, stimulating environmentally informed thinking about water 

management by involving different kinds of science (e.g. ecology), actors (e.g. spatial planners 

and ecologists) and measures (e.g. ecologically oriented and spatial solutions) in addressing 

floods (Saeijs, 2008; Van Hemert, 2008; Wiering & Arts, 2006).  

Following (near) floods in the Dutch rivers in the mid-1990s, the Room for the River 

programme that was subsequently formulated marked a turning point in dealing with river 

floods in the Netherlands. Objectives in the field of flood protection and improving 

environmental quality and nature restoration of the riverine landscape were accorded co-

equal importance (Min VenW, 2000b). The guiding principles of the programme included river 

widening, dike relocations and bypasses – horizontal instead of formerly dominant vertical 

measures (Roth & Warner, 2007). Although still “engineering” in nature (Van Hemert, 1999), 

this sketches the context where some interventions, which may be almost un-Dutch when 

considering the earlier historical approach, are proposed: creating room for water by means 

of de-poldering12 agricultural areas to accommodate peak river discharges, while at the same 

time restoring ‘delta dynamics’ and riverine nature. 

This paper analyses the Noordwaard project as one of the projects of the Room for the River 

programme. The Noordwaard is an agricultural polder located in the south-west of the Dutch 

delta. It will be reconnected to the Merwede River, at the expense of current agricultural 

practices. This provides space to convey peak river discharges through the middle zone of the 

                                                      
11 A delta can be defined as “the area where two different systems – river and sea – both with important 
influences on the morphology of the land, meet and influence each other” (Meyer, 2009, p.432). 
12 Reconnecting embanked polders to a river or sea in order to (re)introduce water and flood 
dynamics (Schut et al., 2010). 
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polder, while at the same time restores daily tidal dynamics and seasonal flooding 

(Projectbureau Noordwaard, 2011). Besides addressing primary objectives in the field of flood 

management, the measure is aimed at nature development13 by improving and physically 

reconnecting currently separated segments of the adjacent Biesbosch wetlands. Central to the 

project is the restoration of historic land and water dynamics in the area (Bosch Slabbers, Van 

de Goor, Lagendijk, & Rijsdorp, 2005; Projectbureau Noordwaard, 2011), which in itself has 

been shaped for centuries by land and water dynamics and the growth of vegetation (De 

Schipper, 2010). 

The main argument of the paper is that although the de-poldering project aims to restore 

historic land and water interactions in the area (contributing to nature development and flood 

management objectives), the associated and recurring sedimentation processes following 

polder floods has remained largely unaddressed. We place this finding within the context of 

societal, technological and policy debates about flood management in delta settings. The 

societal debate, largely concerned with environmental and ecological aspects of flood 

management interventions (including ecologically oriented measures), is emphasized in the 

third section. 

The technological debate focuses on the physical sustainability of the Dutch delta in relation 

to flood management and concerns about systemic, technological “lock-in” – which according 

to some authors is the current “state” of the delta (Wesselink et al., 2007). Central to the idea 

of lock-in is that systems, impacted by technological measures of which the drawbacks are 

only learnt in a later stage, follow specific and difficult-to escape paths (Perkins, 2003). In the 

case of flood management in the Dutch delta, this is reflected in the construction of an 

extended network of river dikes since the 14th century (Van der Ham, 2009). River dikes 

pinned down the rivers’ physical trajectory and in combination with expanding cultivation of 

floodplains the peak-carrying capacity of the rivers was greatly reduced (Kundzewicz, 2002; 

Van Heezik, 2008). Embankments (also called dikes) were built to protect the drained and 

cultivated floodplains, and formed polders in which water levels could be controlled. 

Subsequently, sediment was no longer deposited on wetlands or floodplains, but 

concentrated in the riverbeds. Sedimentation in riverbeds (sometimes temporary removed by 

means of dredging), on the one hand, and drainage, peat extraction and soil subsidence in the 

adjacent polders, on the other, led to self-reinforcing and repetitive cycles of building ever 

                                                      
13 A “Dutch” collective term for active (guided and regulated) and passive (encouragement) restoration and 
management of nature in the Netherlands (Van den Berg & Koole, 2006). 
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higher dikes (Wesselink et al., 2007). This infrastructural approach has its natural and physical 

limits (Saeijs, 2008), and with climate change predictions (sea level rise, and more frequent 

and higher peak river discharges) and a gradually subsiding geological base, it appears that the 

Dutch are in dire straits (Wesselink, 2006).14 

While past practices have a profound long-term influence on shaping delta developments, 

policy debates have a more forward-looking direction. Incorporating longer timescales in the 

discussion is important because today’s measures may have (unexpected) impacts in the 

future, but also because delta dynamics seen over longer timescales may in themselves 

contribute to designing more sustainable approaches (Kundzewicz, 2002; Norgaard, 1994; 

Norgaard et al., 2009). In the Netherlands, two national programmes deal with water and 

flood management objectives over longer timescales. The already mentioned Room for the 

River programme is based on a “hydraulic future” in 2100, of expected peak river discharges 

up to 18,000 m3/s (Min VenW, 2006b). On the delta scale, the Dutch Delta Programme15 is 

likewise working with a 100 year planning horizon. Besides “hydraulic futures” involving future 

scenarios on climate change (sea level rise, extreme peaks and lows in river discharges), also 

socio-economic developments are included based on four potential development scenarios 

(Deltaprogramma, 2012b). Both programmes propose a combination of infrastructural and 

ecologically oriented measures. Considering the 100-year planning horizon, it may be 

expected that the proposed measures are formulated within a context of delta developments 

on longer timescales.  

The paper is structured as follows. The second section discusses in more detail the theoretical 

background in relation to the argument, including the two themes of technological lock-in and 

dynamic delta management seen over longer timescales, already shortly introduced above. 

The third section describes how, against a history of impoldering and flood prevention, an 

ecological conceptualization took shape that provided a context for de-poldering projects. 

Although its origins date back several decades, this conceptualization continues to take 

different forms; the contemporary de-poldering case as the latest appearance. The 

Noordwaard case is then explained in more detail by zooming in on historical flood and 

sedimentation specifics of project. The paper closes with a discussion/conclusion on de-

                                                      
14 For a contrasting opinion see Stijnen et al. (2014) who argue that the Dutch polder approach may be technically 
and economically sustainable until 2100. 
15 A national programme with the objective to develop adaptive delta management strategies in response to 
expected (climate change related) challenges in the field of flood protection and safeguarding supply of fresh 
water in the Dutch delta (Deltaprogramma, 2012b). 
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poldering practices in the Noordwaard in relation to technological lock-in and long-term delta 

developments, with relevance for other world deltas.  

3.2 Theoretical background 
With concerns about technological lock-in (leaving out discussions of institutional and social 

lock-ins) as its point of departure, the paper builds on theory concerning change and 

interaction in socio-technical systems. Three interrelated elements will be discussed here: 

theoretical background on (1) technical regimes and trajectories as a theoretical “starting 

point,” (2) the growing awareness of the contribution of societal actors to technological 

developments, and (3) change in socio-technical systems seen over longer timescales. The 

Dutch delta is conceptualized for this purpose as a socio-technical system, comprising social 

actors, on the one hand, and the range of physical and technical measures employed to 

address flood management issues, on the other.  

Nelson and Winter (1982) have described and argued for “technical regimes” as a conceptual 

approach to understand how certain technologies prevail and are dominant, often supported 

by “…shared cognitive routines in an engineering community, that give shape to patterned 

development along certain technological trajectories” (in Geels & Schot, 2007, p.399). In the 

case of Dutch flood management, this is reflected in a prolonged dominant engineering 

approach to dealing with floods. In addition, in technical systems positive feedback loops 

reinforce a certain technological “trajectory” (Perkins, 2003). This is highlighted by the self-

reinforcing approach of building (higher) dikes in the Dutch river landscape, which causes 

continued deposition of sediments in the riverbed (and no longer in extended floodplains), 

leading to the need of increasing the height of the dikes again. It demonstrates the 

“entrenchment” of technologies (Wesselink et al., 2007). Due to physical “fixation” of large 

parts of the delta system and costly flood defense network in the Netherlands, large-scale and 

fundamental changes to flood management infrastructure are therefore highly problematic. 

Infrastructural measures may therefore be persistent in nature. Therefore, it is likely that 

managed change with respect to flood management strategies takes the shape of gradual 

transformation (instead of radical transition) or to some authors’ preference, add-ons (Geels 

& Schot, 2007) to existing flood management infrastructure. This may account for both 

physical infrastructure, as well as flood management strategies on a more conceptual level.  

In the 1980s researchers have called for more emphasis on the role of societal actors in 

(re)shaping “preferred” engineers’ technologies (Perkins, 2003). Notably sociologists of 
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technology have demonstrated how scientists, policy makers, users and special-interest 

groups contribute to patterning of technological development (Bijker, Hughes, & Pinch, 1987; 

Geels & Schot, 2007), broadening Nelson and Winter’s approach, to “socio-technical regimes.” 

As will be demonstrated later, the way how the design of the Oosterschelde closure dam was 

changed into a storm surge barrier, is exemplary for how this process took shape in the Dutch 

flood management domain. Professionally, the Oosterschelde example also initiated a 

professional collaboration between flood management engineers, environmentally oriented 

experts and social interest groups in developing flood management strategies. There are 

numerous perspectives on how to approach dynamics and change in sociotechnical systems 

(e.g. Geels [2005] on system innovation processes, and Rotmans et al. [2001] and Van der 

Brugge [2007] on transition management). Recently, calls for co-evolutionary perspectives 

have been issued (Norgaard, 1994; Norgaard et al., 2009), the latter authors discussing the 

past and present co-evolution of the Sacramento-San Joaquin delta in the US. Central to this 

approach is the understanding how mutual interaction between the social system and the 

delta ecosystem takes shape and outline delta development trajectories over time. As a 

consequence, such an approach calls for thinking in longer timescales. This concerns both 

historical timescales (how past practices influence and have led to present-day conditions), as 

well as future timescales (how measures of today may have long-term effects, and how long-

term dynamics may in itself be incorporated in developing measures). As will be shown below, 

discussions on technological lock-in in the Dutch river system and potential break-out fit well 

in a context where co-evolutionary and long-term delta perspectives are upheld. 

3.3 From impoldering to de-poldering in the Dutch delta 
The Dutch delta is to a large extent built up of consecutive impoldering projects (Van der Ham, 

2009), both in geographical (laterally embanking mudflats along the coast) and temporal 

(reclaiming land, sometimes multiple times lost to floods) settings. In 1968, part of Lake IJssel 

in the center of the country was impoldered to form the largest agricultural production polder 

(measuring about 100,000 ha) in the Netherlands (Van der Ham, 2009). Due to typical delta 

land and water dynamics, some of the impoldered areas have been lost to sea or rivers. Most 

of the de-poldered or reflooded areas in recent history in Northwest Europe (including 14 in 

the Netherlands) occurred due to storms breaching dikes, which were for technical or financial 

reasons difficult to restore (Wolters et al., 2005). Those de-poldered areas became quickly 

liable again to tides, flood regimes, sedimentation processes and pioneering vegetation. Yet, 

during the last two decades deliberate de-poldering is taking shape on a conceptual (both in 
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research as well as in policy arenas) as well as on a practical level in different regions of the 

Dutch delta. Discussions on de-poldering are characterized by the combined objectives in the 

field of flood management and nature restoration. Therefore, first some space is dedicated to 

show how this “ecological conceptualization of water and flood management” took shape in 

the Netherlands in the 1970s, adding to dominant engineering methods, and evolved further, 

providing a conceptual background for “greener thinking in relation to flood management and 

de-poldering (Disco, 2002; Saeijs, 2008; Wiering & Arts, 2006). The paper looks first at the 

estuarine region of the Southwest Delta, and then considers the Dutch river landscape.  

3.3.1 Ecological turn in the Southwest Delta 
The ecological conceptualization of water and flood management most notably took root in 

the southwest region of the Dutch delta. After the most devastating flood in the Netherlands 

in recent history (in 1953, claiming over 1,800 human lives in the Netherlands while also 

Belgium, France and the UK noted casualties), a committee was instated which advised to 

close off four of the five estuaries of the southwest delta with dams to prevent floods in the 

region “forever” (Disco, 2002). Planning and project implementation took off in the late 1950s, 

but in the early 1970s, when preparatory construction works for the final closure dam in the 

Oosterschelde estuary were already started, strong societal protests against the dam and its 

expected devastating impact on the estuary’s ecosystem dynamics, brought the project to a 

standstill (De Schipper, 2008). The original plans for a dam were abandoned and instead a 

technologically challenging storm surge barrier was designed. The 62 open sluice gates 

maintain to a large extent tidal flows and ecological functioning in the delta estuary, and may 

only be closed in times of storm surges. 

This “ecological turn” at the time of the Oosterschelde storm surge barrier (Disco, 2002), 

constituted two main aspects. The first aspect, mainly as a consequence of the case, is a 

“professional” ecological turn in the domain of water and flood management (Bijker, 2002; 

Disco, 2002). The appointment of biologists at Rijkswaterstaat (the organization responsible 

for the design, construction, management and maintenance of the main infrastructure 

facilities in the Netherlands) in the early 1970s turned out to be an essential factor in the 

professional ecological turn within the organization later on (Disco, 2002). “In the 

Environment Unit of Rijkswaterstaat’s Delta Department, the organization obtained in-house 

environmental knowledge which was required to respond to the established societal demand 

of environmentally sound (water) infrastructure. The eventual construction of the permeable 

Oosterschelde barrier demonstrated that ecologically informed design did not necessarily 
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preclude old-fashioned hydraulic engineering glamour - it was an invitation to civil engineers 

to embrace ecologically informed design.” (Disco, 2002, p.221).  

Moreover, it initiated a professional convergence between the water, environmental and 

spatial planning domains. This convergence became prevalent in a series of key national water 

management policy documents in the following decades, notably in “Dealing with Water” 

(Min VenW, 1985). Proponents of ecologically oriented measures challenged the concept of 

impoldering and measures that heavily impacted delta ecosystem dynamics (Saeijs, 2008). 

Early ideas on de-poldering in the 1970s integrated (on paper) the potential relevance of 

(former) floodplains for long-term delta development with temporary flood water storage, 

and contributing to improve environmental quality. 

The second aspect, functioning mainly as prerequisite of the case, concerns a broader 

movement of environmental awareness in society, initiated by a range of environmental 

problems (for example, the deteriorated quality of water in the Rhine and Meuse rivers which 

led to societal protests) (Bijker, 2002; Disco, 2002). The 1972 Club of Rome report “Limits to 

Growth” had a particularly significant impact in the Netherlands, in the sense that its messages 

were effectively picked up by a range of societal actors concerned with environmental 

problems, notably the pollution of water resources (Bijker, 2002). Re-naturalization as an 

movement against engineering practices has been anticipated in earlier studies (see 

Kundzewicz, 2002). 

3.3.2 Room for the River programme 
Conceptually, the ecological turn extended to the river landscape via Plan Stork. Plan Stork 

(De Bruijn, Hamhuis, Van Nieuwenhuijze, & Overmars, 1986) sketched a vision of the Dutch 

riverine landscape by departing from “core” river functions consisting of transporting water, 

ice and sediments. The authors proposed to allow rivers more space by widening riverbeds. 

This would restore dynamics in the reconnected floodplains in terms of sedimentation 

processes, flood regimes and pioneering vegetation based on fluctuating river levels. The role 

of agriculture in floodplains was reduced in favor of nature development. Plan Stork won a 

prestigious award in a national contest on future visions on the river landscape. The plan was 

generally well received among environmentalists and ecologists, but there were critical voices 

too, regarding the ecological soundness of the plan (Van Hemert, 2008). A few months after 

an agro-chemical disaster in Basel, Switzerland (which had devastating effects on the 

ecosystem of the Rhine), in November 1986, the ministers of the Rhine riparians adopted the 

Rhine Action Plan, which aimed at the restoration of the Rhine ecosystem (De Jonge & Van 
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der Windt, 2007). In the Netherlands, the Plan Stork approach became integrated into the 

national Rhine restoration efforts in the late 1980s. The early 1990s saw the rapid spread of 

the development of “new” nature in the floodplains of the Rhine branches (Van Hemert, 

2008).  

After flood events in 1993 (Meuse) and 1995 (Meuse, and near-floods on the rivers Waal and 

Rhine), the Dutch government prepared for a new river management programme along the 

conceptual lines of Plan Stork (Min VenW, 2000a). In the meantime, the Delta Act on the Major 

Rivers was passed that allowed for immediate dike reinforcements in 1996–97. The Room for 

the River programme that took shape in the early 2000s aimed at creating more physical room 

to accommodate peak river water discharge horizontally, but in conjunction with objectives 

in the field of nature development, landscape values and spatial quality (Min VenW, 2006a; 

Roth, Warner, & Winnubst, 2006; Wiering & Driessen, 2001). The role of dikes as flood 

protective infrastructure was changed and put in the light of spatial requirements: dike 

relocations were proposed to create physical room for flood water. Two regional Steering 

Committees were instated (for the lower and upper river region respectively) which were 

assigned with developing a package of potential measures that would enable the Dutch rivers 

to carry peak river discharges of 16,000 m3/s in 2015, and 18,000 m3/s in 2100 (Bureau 

Benedenrivieren, 2004). In the first outline of the Room for the River programme, three so-

called emergency retention areas were appointed in the upper river region, and also river 

widening measures in the lower river region were explicitly mentioned (Min VenW, 2000a). 

Emergency retention areas had to function as temporary storage of the peak volume of river 

water discharge, while river widening was intended to reduce water levels by spreading out 

water volumes, and discharge this towards the delta estuary (Min VenW, 2000a). Although 

“controlled inundations” were already included in the 4th Policy Document on the Water 

System some years before (Min VenW, 1998), broad attention in national media in 2000 

sparked waves of protests against ‘cutting the dikes’ (Roth et al., 2006). The government 

instated the Committee Luteijn, assigned with the task of investigating the need for 

emergency retention areas (Commissie Luteijn, 2000). Although they recommended that the 

emergency retention areas were necessary, inhabitants formed local action groups and 

successfully challenged the plans for upstream retention (Roth & Warner, 2007; Roth et al., 

2006). While plans for retention areas in the upstream river area did not pull through, the 

Noordwaard de-poldering case presents a different outcome. 
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3.4 De-poldering in the Noordwaard region  
The larger Noordwaard region16 is located at the heart of the Dutch delta (Figure 6 below). 

The Noordwaard agricultural polder measures 4500 ha and is wedged between the 

Sliedrechtse and Brabantse Biesbosch wetlands (Schut, Leeuwis, & Van Paassen, 2010). It is 

one of the Room for the River projects and appointed as a “de-poldering area,” meaning that 

the dikes of the area will be lowered or removed in such a way that daily tidal movements and 

seasonal flooding will occur (Min VenW, 2006b; Projectbureau Noordwaard, 2011). Restoring 

tidal and flood dynamics in the area is expected to contribute positively to the environmental 

quality of the surrounding Biesbosch wetlands (e.g. creating different types of vegetation and 

improving water quality). Before de-poldering works the area housed about 75 (farmer) 

families, who had the option to stay in the Noordwaard (often in newly constructed farms on 

mounds), or to be financially compensated to move elsewhere (De Gast, 2005; Van der 

Meulen, 2007). The project contributes to a reduction of upstream river water levels by 30 

cm, by carrying up to one-third of Merwede’s flood waters in extreme conditions 

(Projectbureau Noordwaard, 2010), which makes it possible for the Room for the River 

programme to achieve its hydraulic objective of conveying 16,000 m3/s by 2015.  

3.4.1 The fifth life of the Noordwaard 
The Noordwaard is now up for its ‘fifth life’ (Rijkswaterstaat, 2005). Tidal dynamics, 

sedimentation, flooding, land reclamation and de-poldering have interactively shaped the 

area during the last centuries. Around 900 AD the larger marshlands started to be structurally 

reclaimed, embanked and cultivated. The polder Groote Waard, covering the whole of the 

Noordwaard region, was completely flooded during the St Elisabeth flood in 1421. This created 

a large inner sea. In the centuries following the flood, tides and rivers transported 

considerable amounts of sediment which deposited on the area (Kleinhans et al., 2010). 

Subsequently it developed into a marshland with low vegetation, willow forests and reed 

lands: the Biesbosch wetlands. The slowly increasing land height allowed for small-scale land 

reclamation. At the end of the 19th century, the Nieuwe Merwede canal/river was 

constructed in the western part of the area. This canal/river conducted upstream water 

volumes through one channel, instead of via the numerous and sometimes congested creeks. 

This hydraulic measure enabled the creation of several small, embanked polders (1–2 km in 

width) in the area, separated by creeks and small lakes. From 1935 onwards, agricultural 

                                                      
16  A distinction is made between the Noordwaard region, when the larger area is concerned. When ‘the 
Noordwaard’ alone is mentioned, it refers to the de-poldering project of the Noordwaard polder (4500 ha) 
located in the centre of the region, wedged between separated Biesbosch wetlands. 
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development stimulated the improvement and merging of smaller polders and continued land 

reclamation. For more efficient water management purposes, during the 1970s several 

polders were integrated into the larger Noordwaard polder. It became fully embanked and 

although referred to as one polder, the former smaller polders are still demarcated by the old 

dikes and carry their old names. The closure of the Haringvliet17 in 1970 reduced the tidal 

amplitude in the area, which dropped from 2 m to 30 cm (De Schipper, 2010; Pleijte, During, 

Gerritsen, & Stuyt, 2005; Projectbureau Noordwaard, 2010).  

3.4.2 Introducing de-poldering in the Biesbosch 
The Noordwaard project is not the first effort aiming at de-poldering and restoring land and 

water dynamics in the region. The flooding of polder de Dood can be considered to be the first 

de-poldering in the region in the last decades. This small polder (60 ha) was flooded following 

a storm breaching the polder dikes in December 1962. Instead of repairing the dike, the new 

director of Staatsbosbeheer18 in the Biesbosch, biologist W. Thijsen, refrained from action and 

sustained tidal interactions in the area, which developed as part of the Biesbosch wetland. 

Although the area was property of Thijsen’s organization, he got in trouble professionally since 

his actions were against prevalent flood management policy (De Schipper, 2010). 

A second de-poldering initiative came up in the early 1990s. Nature development, and the 

restoration of and connection between smaller and separated nature areas became a priority 

for national governments in the 1970s, which was embedded in a nation-wide Nature Policy 

Plan, developed by the Ministry of Agriculture, Nature and Fisheries (LNV) (Min LNV, 1990). It 

introduced the so-called Ecological Main Structure which stipulated prevention of ecological 

deterioration of the river landscape and promotion of nature restoration, by (re)connecting 

floodplains to rivers and linking up separated nature areas as green corridors to allow species 

mobility (Min VenW & Min LNV, 2001). In the plan, the Ministry of LNV expresses its ambition 

for nature restoration in and around the Biesbosch wetland which was graphically included as 

part of the Ecological Main Structure and intended for nature development at the expense of 

agriculture (Min LNV, 1990). Whereas the Nature Policy Plan represented a guiding policy 

framework, by formulating the NOP19, the Ministry introduced a de-poldering paradigm in the 

region. 

                                                      
17 One of the proposed dams of the Delta Works, closing off the Haringvliet estuary, constructed in the years 
before the “ecological turn” took place. 
18 Staatsbosbeheer, founded in 1899 with a focus on forest restoration, is the biggest organization managing 
nature reserves in the Netherlands (www.staatsbosbeheer.nl/, accessed November 2013). 
19 Natuur Ontwikkelings Project (Nature Development Project). 
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Figure 6. De-poldering in the Dutch delta 
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The project was formulated in the early 1990s and planned for de-poldering 600 ha 

agricultural land in the western part of the Noordwaard, with the aim to physically connect 

the separated Brabantse and Sliedrechtse wetlands (Min LNV, 1990). After the floods in 1993, 

its water and nature objectives became co-equal when the NOP was brought under a river 

development programme jointly funded by the Ministry of LNV and the Ministry of VenW 

(Feddes, 2012; Grontmij, 2002). In the early 2000s the NOP became one of the seven so-called 

“autonomous projects” that were included in the Governmental Position Document on Room 

for the River (Min VenW, 2000b). After two years of de-poldering works, the then Dutch Crown 

Prince Willem Alexander, known for his interest in water management, completed the project 

in 2008 by operating the excavator that cut the polder embankment. De-poldering the 

Noordwaard polder followed shortly after. 

3.4.3 Non-listing, short-listing and top-listing the Noordwaard  
The Noordwaard polder itself has long been out of the picture for de-poldering works. 

Although several exploratory studies in preparation of the Room for the River programme in 

the early 2000s discussed the potential of (parts of the) Biesbosch area for flood retention, 

de-poldering the Noordwaard is not explicitly mentioned.20 Instead, often a green river21 

through the Land van Heusden en Altena (just east of the Noordwaard) is referred to multiple 

times as a highly effective, but also costly and socially contested solution (Bureau 

Benedenrivieren, 2004). During so-called “design sessions,” a round of interactive stakeholder 

consultations, a short list of 42 proposed potential room for the river measures was composed 

for the lower river region (Bureau Benedenrivieren, 2004).  

During the design session de-poldering the Noordwaard was formally not part of the 42 

measures (Schut et al., 2010). The situation changed over the course of a month, when 

decision makers in the Steering Committee had to classify22 each of the 42 potential measures 

as a go/no-go option (Schut et al., 2010). The “green river” through the Land van Heusden en 

Altena was classified as a no-go due its limited public support and huge costs. De-poldering 

the Noordwaard was discussed during the meeting as a potential alternative. This also was a 

sensitive issue, due to the province’s earlier promise in the 1990s, that the Noordwaard 

(where some of farmers relocated to, from the NOP area) would not be touched in the near 

future. During the meeting the green river and the Noordwaard were both classified as 

                                                      
20 See for the most relevant studies: Bureau Benedenrivieren (2004) and (RIZA, 2001). 
21 A green river merely consists of two dikes through a landscape, which could become operational to discharge 
water from another river (Schut et al., 2010). 
22 Classification of alternatives: unacceptable, controversial, or non-controversial. 
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“controversial”. From a non-option, de-poldering the Noordwaard was on the table at the 

same level, and as a realistic alternative, to a green river (Schut et al., 2010). After the meeting, 

a representative from the farmers’ organization ZLTO supported the Noordwaard 

“suggestion,” which was quickly picked up by the Steering Committee who coordinated the 

second phase of the consultation sessions. 

Roughly in the period 2001–03, there was no unequivocal or organized protest against the de-

poldering plans. Although it was clear that polder inhabitants were unhappy with what might 

happen to the area and to their agricultural practices, they also felt that going against the 

Room for the River programme, would have only a small chance of success. Especially 

considering that only a few dozen people lived in the area, while the Room for the River 

programme was of national relevance, both in terms of its setup and its thematic focus.23 In 

addition, protest would lead to years of procedures and uncertainty (Van den Brink, 2009). 

The farmers organization ZLTO also had a special position, since its members did not only live 

in the Noordwaard polder, but also in the Land van Heusden en Altena. According to them, it 

would be better to choose for the lesser evil and thereby secure an agricultural future in the 

Land van Heusden en Altena. 24 It was also remarked that the adjacent NOP has already 

“opened the door” for continued de-poldering in the Noordwaard (Brabants Dagblad, 2002). 

The planning and design process in the initial years was open and inclusive, which built up 

trust and reliance to co-decide on the new layout plan of the area, or to choose for financial 

compensation when farmers preferred to relocate (Van den Brink, 2009). By the end of 2003, 

the Steering Committee decided that de-poldering the Noordwaard was the preferred 

measure to reduce peaks in river discharge (Schut et al., 2010). Because the setup of the 

planning, stakeholder participation and design process changed (for example, a range of new 

actors became involved in the project 25 ), de-poldering antagonists formally organized 

themselves in the PBN26 in 2004. A series of contra-expertise studies were carried out by the 

PBN and alternatives to de-poldering were proposed (Pleijte et al., 2005; TU-Delft, 2004). In 

terms of process steps, the organized resistance and contra-expertise studies came late. The 

Ministry of VenW was not receptive to alternative design options as proposed by the PBN and 

remarked that the PBN represented only a fraction of the polder inhabitants, while the farmer 

                                                      
23 Interview former chairperson Association of Residents, 14 November 2013, Wageningen. 
24 See footnote 23. 
25 See footnote 23. 
26 Platform Behoud Noordwaard (Platform for the Preservation of the Noordwaard) was formed in 2004 by 
farmers who did not agree with layout and design plans for the Noordwaard, and who felt not well represented. 
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representative organization spoke on behalf of the majority (Min VenW, 2006a). The Ministry 

gave the Noordwaard the status of “frontrunner project” in June 2005, which means that, 

while anticipating the formal decision, implementation of the de-poldering works had already 

been formally decided upon - only the layout specifications were still open to discussion 

(Pleijte & During, 2006). 

3.4.4 Adjusting the dikes and bringing in the floods 
The role of dikes, as icons of Dutch flood management meant for flood prevention, has in the 

Noordwaard changed to enabling a certain flood regime. The dikes are adjusted (lowered or 

removed) to allow daily tidal dynamics, yearly inflow of water and submersion of extensively 

used lands in the so-called “central flow-through area,” and occasional river flooding when 

river discharge peaks. Three flood regimes will manifest in the Noordwaard: (1) daily fresh-

water tides in the intertidal areas, mainly in the Southwest section of the polder, (2) floods in 

low embanked “wet” polders in the flow-through area during winter season, and (3) floods in 

low embanked “dry” polders in the flow-through area. Daily fresh water tides of up to 80 cm 

amplitude will flood areas physically (re-)connected to the river (Projectbureau Noordwaard, 

2010, Appendix 3). In terms of flood water coming from the river, it is expected that the low-

embanked polders (in use for extensive livestock production) will be submerged for about 100 

days per year in winter season, which will affect 1350 ha. When the water level in the 

Merwede river reaches a level of 2 m as compared with average river discharges, water flows 

over the lowered primary embankment, and enters the polder via four entry points (culverts) 

in the secondary embankment (Projectbureau Noordwaard, 2009). This will flood the low 

embanked ‘dry’ polders, but only with a frequency of 1/100 in three polders and 1/1000 in 

seven polders. In those cases, an additional maximum of 700 ha becomes submerged. In 

extreme situations, which would also affect the upstream river region and substantial parts of 

the Dutch delta, also the high embanked polders (in fact the entire polder) of the Noordwaard 

will become submerged. 

3.4.5 Bring in the floods – bringing in the sediment? 
Together with tidal and river floods, sedimentation will build up in the area. In the planning 

phase, sedimentation processes have been used as an argument to look for alternative 

solutions (Pleijte et al., 2005). Based on hydro-morphological studies it is expected that this 

will amount to approximately 1 cm per year (50 cm by 2060) (Projectbureau Noordwaard, 

2009). Although the historic situation of 1905 which is aimed for was characterized by 

sedimentation rates that increased the height of the land of flood-prone areas (De Schipper, 
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2010; Kleinhans et al., 2010), sedimentation in notably creeks and channels is considered as a 

threat to their hydraulic profiles (Projectbureau Noordwaard, 2010). Although considered as 

a natural process well in line with historic land and water dynamics, sedimentation in the case 

of the Noordwaard “…needs to be kept within an acceptable range in order not to affect the 

hydraulic discharge capacity of the area.”27 In terms of the Noordwaard’s contribution to 

reducing river water levels by diverting part of the flow, there is a rather small margin and 

sedimentation in the area will immediately compromise this.28 A similar attitude is noticeable 

in terms of the growth of vegetation in the flow-through area, which likewise has to be kept 

within certain boundaries, in order not to compromise the discharge capacity (Projectbureau 

Noordwaard, 2011). Currently, discussions about detailed maintenance plans and how to keep 

the Noordwaard’s flow-through area and edges free from vegetation and sedimentation, are 

currently on-going (Rijkswaterstaat, 2013). 

3.4.6 Continued de-poldering in the Noordwaard region? 
It can be argued that the region can be characterized as not only a historical and 

contemporary, but also future “hotspot” for de-poldering when reviewing long-term plans for 

the area. While the current project is on-going, new de-poldering projects are mentioned in 

future scenarios and long-term visions for this part of the delta. The so-called Delta Rim 

scenario (2100) anticipates a physically connected delta landscape, from the Biesbosch 

wetlands, along one of the estuaries all the way to the delta mouth. Inward dike relocation is 

considered one of the options, and the scenario sketches subsequent de-poldering works in 

the west and the south of the Biesbosch (Deltaprogramma, 2012a, p.61). Moreover, in the 

report it is stated that “…just like the Noordwaard, a flow-through area will be constructed in 

the Oostwaard [an area east of the Noordwaard], with agricultural polders which will flood 

occasionally.” (Deltaprogramma, 2012b, p.39). The Biesbosch Management Plan formulates 

future objectives in the field of conservation or expansion of the Biesbosch surroundings by 

increasing the extent of creeks and canals facilitating fresh water tides (Biesbosch National 

Park Authority, 2004). This may well be in the direction of the city of Dordrecht, which 

develops plans to construct “delta dikes,” which combine a ramped embankment with 

vegetation cover, and partly de-poldering an area west the Biesbosch, to safeguard the city 

from high water levels and urban floods (Kelder, Gersonius, & Hulsebosch, 2013). 

                                                      
27 Interview Water Board Rivierenland, 15 November 2013, Tiel; Interview Rijkswaterstaat, 6 December 2013, 
Werkendam. 
28 Interview Rijkswaterstaat, 6 December 2013, Werkendam. 
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3.5 Conclusion 
This paper shows how de-poldering, within a general context of “greener thinking,” is taking 

shape in the Netherlands as an approach to deal with (river) flooding in conjunction with 

objectives in the field of nature development. It sketches how Dutch flood management has 

slowly been informed by ecologically oriented thinking, and how this culminated into efforts 

of de-poldering and the restoration of flood dynamics. The Room for the River programme 

was instrumental in providing the institutional ground and storylines in which water 

management and nature development converged. Culminating in practice, de-poldering and 

controlled flooding have added a different perspective to the functioning of flood 

infrastructure: the role of dikes, icons of Dutch water management, changed from being 

intended for flood prevention, to facilitating, up to a certain level, a (tidal) flood regime in the 

area. In the case of the Noordwaard de-poldering project, recurring sedimentation following 

restored flood regimes has not been assessed on its potential contribution to heightening the 

delta physically over longer timescales. Instead, sedimentation is seen as a threat in the sense 

that it may impact the hydraulic discharge capacity of the area. In that sense the clearly set 

hydraulic objective of the Room for the River programme (carrying expected peak river 

discharges up to 18,000 m3/s in 2100) that the project aims to contribute to, in a way “narrows 

down” the width and potential of the de-poldering concept. It can therefore be argued that 

de-poldering within the context of the Room for the River programme, where reconnecting 

floodplains and creating space for peak flows stands central, did not enable the conceptual 

opening that would connect the de-poldering concept to debates about technological lock-in 

(and potential break-out) or the opportunities of sedimentation seen over longer timescales. 

It is, however, relevant to note that the opportunities for de-poldering and sedimentation 

start with the availability of space and sediment (Stroeken & Van Winden, 2009), which are 

very different along, for example, the Dutch coast and the Wadden Sea. At the same time, 

societal actors, notably inhabitants of the areas appointed for controlled flooding, have 

resisted de-poldering plans. In the Noordwaard project, a governmental decision made an end 

to attempts of societal actors resisting the measure, thereby concluding a complex negotiation 

and decision making process. Taking new de-poldering sketches into account, it can be 

expected that de-poldering and controlled flooding will remain at the forefront of policy and 

societal discussions about flood management in the Netherlands. 
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opening up delta polders via Tidal River Management 
in the southwest delta of Bangladesh 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This chapter has been published as: Martijn F. van Staveren, Jeroen F. Warner and M. Shah Alam Khan (2017) 
Bringing in the tides. From closing down to opening up delta polders via Tidal River Management in the southwest 
delta of Bangladesh. Water Policy, 2017 19:1, 147-164 http://wp.iwaponline.com/content/19/1/147 



74 | CHAPTER 4: RESTORED TIDAL DYNAMICS IN THE BENGAL DELTA 
 

 
 

Abstract 

The southwest coastal delta of Bangladesh is not only geographically home to a dynamic 

interplay between land and water, and between fresh surface water and saline tides, but also 

to contentious debates on flood management policy. It has been argued that dealing with 

delta floods in this region boils down to adopting either open or closed approaches. This paper 

longitudinally structures the open-or-closed debate based on a number of emblematic water 

management projects in the region. Departing from a typical open wetland history, river and 

polder embankments increasingly started to constrain flood dynamics. Upheaval among rural 

populations in response to the negative impacts of hydraulic engineering plans and works 

coalesced in efforts to restore open approaches, synthesized in the Tidal River Management 

concept. Its resemblance to historic overflow irrigation is often used politically as a yardstick 

to challenge the dominant hydraulic engineering paradigm. This paper argues that dealing 

with floods in Bangladesh requires plans, policies and projects formulated against the historic 

background of complex interactions among social processes, environmental dynamics and 

technological interventions: a lesson to be incorporated in on-going policy-making processes 

and long-term delta management plans. 

Keywords 

Bangladesh; controlled flooding; delta management; hydraulic engineering; policy pendulum 

swing; Tidal River Management (TRM); water policy 
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4.1 Introduction 
It has been argued that dealing with flood dynamics in Bangladesh boils down to adopting 

either an open or closed approach (R. Hughes, Adnan, & Dalal-Clayton, 1994; N. Islam, 2001; 

R. Rahman & Salehin, 2013). Both approaches rely on hydraulic engineering, but in a 

somewhat dichotomized way, closed approaches can be characterized by high river or polder 

embankments and large water control structures, while open approaches include floodplain 

management, temporary water retention and lower embankments (N. Islam, 2001; Warner et 

al., 2013). Different policy perspectives on how water and floods should be dealt with 

prescribe different kinds of interventions. Over the last decades contentious water policy 

debates took shape, during which both perspectives have been supported as well as criticized 

(N. Islam, 2001; Klaassen, 2009).  

Although nuance to these “extremes” is justified, for now we will follow this line of thinking 

and approach water policy debates in Bangladesh accordingly. We will structure the policy 

debate longitudinally by means of selected hydraulic engineering initiatives, plans and 

projects materializing against the background of various epochs in Bangladesh’s flood 

management, with a geographical focus on the southwest delta.29 In the southwest delta of 

Bangladesh, dealing with the delta’s rivers and tidal flood dynamics takes center stage. The 

region is home to several million inhabitants who depend on its agri- and aquaculture 

producing capacities as well as ecosystem resources provided by the Sundarbans coastal 

mangrove. Prolonged water logging, sinking lands, river siltation tidal intrusion and climate 

related sea level rise have been identified as urgent environmental challenges that need to be 

addressed in the region (Brammer, 2014; Pethick & Orford, 2013; Syvitski et al., 2009). Historic 

interventions are overridden by contemporary water and flood management projects30 that 

try again and again to address old and newly emerging socio-environmental challenges. 

Understanding the evolution of water policy in Bangladesh, under the influence of on-going 

environmental, technological and social dynamics, is important given contemporary 

challenges, in particular in the country’s southwest delta (Chowdhury, 2010). In doing so we 

place contemporary policy debates 31  on water, flood and polder management in the 

                                                      
29 The southwest delta of Bangladesh comprises the districts of Khulna, Jessore and Satkhira, which are bordered 
by the Sundarbans coastal mangrove to the south. See also Figure 7. 
30 See the Blue Gold program (www.bluegoldbd.org), the World Bank’s Coastal Embankment Improvement 
Project (www.worldbank.org/projects/P128276/coastal-embankment-improvement-project-phase-1ceip-
1?lang=en), the Char Development and Settlement Programme IV (www.cdsp.org.bd), and the Bangladesh Delta 
Plan 2100 (www.bandudeltas.org), all accessed January 2016). 
31  For an impression of recent debates, see www.worldbank.org/projects/P128276/coastal-embankment-
improvement-project-phase-1ceip-1?lang=en and for discussions www.scidev.net/south-asia/environment/ne-
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southwest delta in an historical perspective and flesh out relevant insights that are not 

axiomatically incorporated into current policy making processes. 

We will analyze the debates by means of the policy pendulum concept. Its main tenet is that 

policy approaches tend to oscillate between contrasting policy directions over time under the 

influence of social, environmental or technological drivers. The pendulum’s position, located 

somewhere on an imaginary line between the two poles, characterizes the policy orientation 

dominant at the time. A pendulum swing was implicitly described in a UNDP mission report 

that reviewed a major flood management plan for Bangladesh (Faaland, 1995) and was later 

used by water policy researchers to analyze policy dynamics (Huitema & Meijerink, 2009; 

Warner, 2008b), see also Wallace (2000).  

Hydraulic engineering often attempts to control water dynamics prevalent in world deltas by 

means of ”separation”: land from water, or fresh water from saline water. During British 

colonial rule a large infrastructural network was put in place which physically prevent seasonal 

overland water flow from spreading out over the floodplains in Bengal. This kind of ‘dividing’ 

infrastructure was not only implemented from the perspective of flood prevention; hundreds 

of miles of slightly raised earthen walls were constructed in muddy floodplains to support a 

vast railway network, intended to ease inter-delta communication and transportation (Iqbal, 

2010).  

The process of compartmentalizing the delta, initiated at the end of the 19th century, soon 

started to display its side effects (Bhattacharyya, 2011). The earthen walls were often 

constructed perpendicularly to the direction of flows, thereby crisscrossing and damming 

various waterways. Insufficient drainage capacity in the form of culverts underneath the 

embankments resulted in stagnant water in enclosed areas. Failed crops and reduced 

agricultural production, extensive and abnormal floods elsewhere, and water-related diseases 

including severe outbreaks of malaria started to plague the delta’s population (Iqbal, 2010). 

 

 

 

                                                      
ws/bangladeshi-experts-defend-coastal-dikes.html and www.newscientist.com/article/-mg22229752.700-ba-
ngladeshs-sea-walls-may-make-floods-worse.html, all accessed January 2016). 



| 77 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7. Tidal River Management in the Bangladesh delta 
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While general concerns regarding the socio-environmental impacts of the construction of the 

railway-supporting and floodplain-constraining embankment network were expressed as 

early as 1846 (Sage, Simms, and M’Clelland 1846 cited in Bhattacharyya 2011, see also 

Harrison 1875; Majumdar 1938), explicit critiques of the closing-off infrastructure came from 

British health researchers. Charles Bentley convincingly showed that the breeding grounds for 

mosquito larvae (along water edges) dramatically increased following the construction of 

embanked water pools and the resulting stagnant water (Bentley, 1925). Sir William Willcocks, 

the renowned British civil engineer who designed the first Aswan dam in Egypt and who was 

stationed in Calcutta in the late 1920s at the end of his career, heavily criticized the 

interventions that affected water flows in the region (Ozden, 2014). He questioned British 

colonial interventions in Bengal head-on by publicly and vigorously advocating for traditional 

forms of overflow irrigation covering Bengal’s wide floodplains and fields: “Overflow 

irrigation, with the muddy waters of the river floods, is the only kind of irrigation on which 

engineers, agriculturists, and public health authorities can be in absolute accord, for it 

enriches the soil, combats malaria and relieves the congestion of the river in flood” (Willcocks 

1930:104). This statement should be seen as “…yet another call for colonial engineers to be 

more attuned to the physical and historical conditions of their territory” (Ozden 2014, p.203 

referring to Klingensmith, 2007). The Bengal Irrigation Department interpreted his message 

as a call for large scale removal of embankments and responded by stating that “…it is easy to 

pile up embankments, [but] it is a most complex matter to remove them” (Addams-Williams, 

1919 cited in Klingensmith, 2008, p.9). 

The short historic debate outlined above shapes the contours of a by-now centuries-long, and 

most likely “delternal” policy struggle over dealing with water, and its associated flood and 

sedimentation processes, in Bangladesh. The hydro-morphological characteristics of the 

Bengal delta pose seemingly insurmountable challenges for policy makers (Chowdhury, 2010; 

Sadoff et al., 2013). Similar policy discussions have been ongoing in other large deltaic areas, 

resulting in evolving insights and policy re-orientations, which sometimes include the 

rediscovery or restoration of “old” practices. In the case of the Mississippi delta, a long period 

of reliance on river-constraining levees, or “levees only” policy, was complemented by ideas 

including proposing floodways and flood diversion after a major flood in 1927; this was more 

in line with the historic dynamics of that river system (Barry, 1998; Priscoli & Stakhiv, 2015). 

In the Dutch delta, a Room for the River Programme was launched in the early 2000s, which 

proposed embankment setbacks and re-opening up floodplains for controlled flood dynamics 
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(Warner et al., 2013). This style of river management had previously been replaced by 

straightjacketing and dredging of rivers (Van Heezik, 2008), an approach currently strongly 

supported in Bangladesh (Cook, 2010).  

The article continues by sketching a brief social-ecological history of the southwest delta 

(Iqbal, 2010). A third section highlights selected key initiatives 32  that have profoundly 

impacted the debate in recent decades: the Coastal Embankment Project (CEP), the Flood 

Action Plan (FAP) and the Khulna-Jessore Drainage and Rehabilitation Project (KJDRP). We 

characterize the FAP as a policy formulation project, with the objective of crafting a national 

policy and action plan in response to Bangladesh’s floods. The KJDRP engaged with the socio-

environmental consequences of the CEP and was an implementation project in the southwest 

delta. Within the context of the KJDRP, the contested Tidal River Management concept 

materialized. This concept is further explored in more detail in the fourth section. A final 

section presents concluding points. 

4.2 A brief social-ecological history of the southwest delta of Bangladesh  
For millennia the Bengal delta has been home to a dynamic interplay of water and land, for 

which catchwords such as “fluid geographies” and “hybrid landscapes” have been coined to 

indicate the difficulty of demarcating where land ends and water starts (Lahiri-Dutt and 

Samanta 2013; see also Biggs 2010). Peak discharges in the rivers Ganges, Brahmaputra and 

Meghna, tidal movements, and an occasional earthquake drive erosion and land formation 

processes in the delta (R. Hughes et al., 1994; Sarker, Akter, & Rahman, 2013). This has created 

the basis of a typical flat delta landscape, characterized by braided rivers, moving islands and 

fertile soil, but which is profoundly atypical when considering the enormous volumes of water 

and suspended sediment passing through the delta. The delta’s hydro-morphology changes 

on a daily basis and ranks the delta amongst the most dynamic in the world.  

Rivers in Bangladesh frequently change their courses. Maps depict rivers as floodplains 

stretching for miles in width, comprising various strands of channels and sandbars. The delta 

is scattered with baors, or oxbow-shaped lakes. These are remnants of meandering rivers that 

have changed course over time and left physical marks of their past trajectories in the 

                                                      
32 Selection of the projects is based on existing overviews of water and flood management projects (Ahmed, 
2013; Chadwick & Datta, 2001; Dewan, 2012) and discussions with experts, in order to identify a manageable 
number of projects which have significantly influenced water and flood management in Bangladesh and are 
relevant to the open versus closed debate. The focus on these events is justified because water management 
policy in Bangladesh is heavily based on flood events and their aftermath (Sultana, Johnson, & Thompson, 2008). 
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landscape. The Ganges, one of the most prominent rivers in the delta, used to flow southward, 

through the Hooghly river and Calcutta in India and straight into the Bay of Bengal. It was only 

a few centuries ago that the river started to discharge part of its water towards the southeast, 

entering contemporary Bangladesh via its western border. This new trajectory started to form 

the southwest delta of the Bengal delta, and it expanded the Gorai river. Presently, the Ganges 

itself is facing substantially reduced incoming flows of water and suspended sediment for 

various reasons; it is reorienting its course due to geological tilt (Sadoff et al., 2013).  

During medieval times, consecutive rulers built series of embankments to protect their 

capitals from seasonal flooding. Especially under Nasiruddin Mahmud Shah (1442-59), 

portions of the southern region of Bengal were equipped with irrigation and drainage works. 

These local forms of hydraulic infrastructure were far from systematic hydraulic schemes. 

During the rule of the Mughals, which started in the early 17th century, emphasis was placed 

on flood and irrigation management and on the distribution of water via canals. These rulers 

also introduced new water governance arrangements. Zamindars33, local landlords who held 

large amounts of land and employed peasants or raiyats to work in their fields, assumed the 

task of pulbandi works, or public (water) works constructed by communities. A governmental 

budget was allocated for these tasks, and Zamindars were entitled to charge taxes to people 

using or benefiting from hydraulic infrastructure (Kamal, 2006; Van Schendel, 2010). 

In the haor34 and beel35 regions of Bangladesh, particular forms of hydraulic engineering 

materialized. In both regions contour bunds, or relatively low embankments, were 

constructed for water management purposes since the 14th century (Quassem & van Urk, 

2006). Also referred to as submersible embankments, these low dykes protect Boro, or winter 

rice, which is cultivated during the dry season, during its final growth stage against high water 

in the flood season. By the time harvesting was completed, embankments started to overflow 

and thereby inundated the haors for several months. After flood season, the embankments 

needed repair, which was conducted by community labor (CEGIS, 2012; Duyne, 1998; R. 

Hughes et al., 1994). 

                                                      
33 The social structure, in which Zamindars held important positions, was in place when the British took control 
over the region. With the establishment of East Pakistan as a provincial state of Pakistan, followed by the Tenancy 
Abolition Act, the Zamindar position was formally abolished in 1950 (Van Schendel, 2010). 
34 Haors are bowl or saucer shaped shallow depressions that contain water during the whole year. They form a 
regional wetland found in northeast Bangladesh (CEGIS, 2012). 
35 A beel is a bowl shaped natural depression in the southwest delta landscape, which contains water during 
parts of the year. There may be several beels in one polder. 
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Very similar to hydraulic practices in the northeast, in the southwest delta Zamindars oversaw 

the construction of low, temporary embankments and wooden sluice gates in the tidal coastal 

region during the 17th and 18th centuries. These temporary embankments were called 

ostomasi badh (BWDB, 2003; Institute for Right View, 2010), meaning “embankments for eight 

months”. They were operational roughly between October and May (Begum, 2011). The 

embankments prevented inflow of tidal water in the rice fields during the last months of the 

dry season, when the Aus spring rice was ready for harvesting. After harvest, farmers would 

partially dismantle the temporary embankments to allow flood waters to enter into the 

previously enclosed areas, which enabled the deposition of sediments, nutrients and also 

allowed for seasonal fishing. This flood period, roughly between June and September, could 

be labeled jowar bhata khelano, meaning free play of tidal flow, on agricultural lands (Institute 

for Right View, 2010). It was important not only for fertilizing the soil and for widely 

distributing sediments but also for spreading out flood waters during flood season. For this 

form of overland irrigation and soil nourishment, embankments are “…an abomination, unless 

they are freely pierced by openings” (Willcocks, 1930, p.101). 

Under British colonial rule a number of developments took place that tipped the balance 

towards structural closing-off efforts. In addition to an extended railway network, 

embankments were systematically constructed alongside rivers, for example along the 

Damodar river (Bhattacharyya, 2011; Lahiri-Dutt & Samanta, 2013). According to 

Bhattacharyya (2011), the first major hydraulic works were laid out by the British beginning in 

the 1830s in an attempt to protect the city of Barddhaman (Burdwan) in lower Bengal. The 

plans to strengthen the left bank of the Damodar were accompanied by plans to remove 25 

miles of embankments across the river, allowing that side to overflow first in case the river 

water levels reached a critical height. The Bengal delta was regarded as a region with mis-

behaving rivers and delta wastelands that should be trained and reclaimed respectively for 

revenue generating purposes (Iqbal, 2010, pp.26-28). The 1793 Permanent Settlement Act 

built on the existing Zamindar socio-institutional system and created a governance structure 

that stimulated land reclamation, private ownership (and hence, protection) of land, and 

discouraged the Zamindars taking social responsibility for coordinating maintenance of canals 

and other hydraulic works (Iqbal, 2010; Kamal, 2006). This quickly led to river siltation. Rivers 

started to overflow their banks and sometimes breached at various locations, against which 

the British formulated stronger protective strategies. It did not occur to them that many of 

these breaches or kanwas were secretly made by communities in an attempt to have water 
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flow through “dead” or silted up rivers again. This represented the last remnants of a 

disappearing form of overflow irrigation (Kamal, 2006; Willcocks, 1930). Silted up canals were 

referred to as dead rivers or drainage lines at best, and they lost their meaning as flood 

irrigation canals in combination with temporary embankments (Kamal, 2006). 

This short social-ecological history has sketched how a combination of technological 

interventions, environmentally dynamic processes and social drivers and responses started to 

close off parts of the open delta landscape. Interventions were still relatively isolated as well 

as temporary in nature, but during the British colonial period, more priority was given to 

schematic embankment construction and land reclamation using flood protective 

infrastructure. This went hand in hand with sharp debates on whether systematic river 

embankments were appropriate interventions in this fluvial environment or were, instead, an 

approach that should be avoided. By the 19th and into the first decades of the 20th century, 

the Bengal delta was socio-environmentally in decline; emblematic of this decline was the 

need to start importing rice from neighboring Burma (Iqbal, 2010).  

From the middle of the 20th century “modern” water management policy, along with its 

particular ontology, technologies and concepts were introduced to Bangladesh in general and 

to the southwest delta in particular. As shown by David Biggs in his analysis of the Mekong 

delta, the advent of foreign hydraulic experts as well as implementation of new hydraulic 

projects does not occur on a clean slate. History and a gradual process of new forms of water 

management merge or overlap with pre-existing prevalent approaches (Biggs, 2010). This 

“introduction,” in the case of Bangladesh, was distinctively dominant because institutional 

organization was weak and technical assistance from international donors was channeled 

solely through a new national executing agency (EPWAPDA, later BWDB or Bangladesh Water 

Development Board). BWDB quickly evolved into a massive and technocratic institution to 

pursue primarily flood protection and food production, based on a technical-engineering view 

on water management. This happened in close connection to international institutions and 

individuals, who saw Bangladesh as a region of unequalled professional challenges regarding 

delta management (UNESCO, 1966). The next section will discuss a number of plans and 

projects resulting from these developments. They distinctly represented, as well as 

contributed to, the evolution of the open versus closed policy debate. 
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4.3 Hydraulic projects: closure and slowly opening up  
Foreign involvement in water management has arguably flooded Bangladesh, leading to an 

overwhelming number of plans and physical interventions in the hydraulic domain since the 

1950s. Consecutive floods in 1954, 1955 and 1956 caused large-scale damage to human lives 

and food crops in East Pakistan (now Bangladesh). The Government of Pakistan requested 

technical assistance from the United Nations to formulate engineered flood prevention 

measures. The international advisory mission, known as the Krug mission36, expressed serious 

doubts about the need for a policy consisting of large flood protection schemes alone (R. 

Hughes et al., 1994). While stressing the possible benefits of embankments, such as improved 

protection against floods, the mission stated that “…another objection to the use of 

embankments is that they exclude flood water at times when it may be beneficial in irrigating 

the crops and in bringing silt which increases the fertility of the soil”. Additionally, “…the 

erection of embankments across natural drainage outlets has led to water logging and 

malarious conditions. Drainage of areas behind the embankments should always receive 

careful consideration” (United Nations 1957, p.251). In contrast to common belief, the Krug 

mission clearly exhibited hesitation regarding how to best approach flood issues; it 

encouraged smaller water control and drainage projects, including in the southwest region 

(United Nations, 1957). With the Great Bengal Famine of 1943-44 in the back of its mind, the 

government’s Irrigation Department had already initiated a relatively small programme of 

embankment construction in the 1950s. In an effort to initiate a (pre)green revolution 

intended to re-establish the “granary of Khulna” (Haque, Chowdhury, & Khatun, 2014; Iqbal, 

2010) saline tidal floods were to be kept out of the lands to facilitate increased rice production 

(Quassem & van Urk, 2006).  

The Krug mission recommended establishing the East Pakistan Water and Power Development 

Authority (EPWAPDA), which represented a run-up to hydraulic initiatives of a different 

magnitude. Right after its founding in 1959, EPWAPDA ordered research to be conducted by 

its technical consultant on a larger, intensified flood prevention programme in the southwest 

delta. The International Engineering Company (IECO), based in San Francisco, California, 

subsequently coordinated this study and proposed to scale up the on-going embankment 

                                                      
36 The mission was headed by J.A. Krug, former United States Secretary of the Interior. Another member was 
Dutch professor W.J. van Blommenstein, who has been active in developing large flood control, drainage and 
irrigation systems in East Asia. A third member was C.W. Okey, formerly working with the Tennessee Valley 
Authority (United Nations, 1957), a large scale water control project intended for regional economic 
development. 
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construction efforts in a concerted programme. It lost the nuance conveyed in the Krug 

mission report but straightforwardly called for an extensive embankment project to fully 

prevent floods, positioned within the context of modernized water management introduced 

in the southwest delta in the 1960s (Leedshill-De Leuw Engineers, 1968). The proposed project 

was called the Coastal Embankment Project (CEP) and ran at a time when “hydraulic closure” 

was prominent not only in the southwest delta but also in other regions.37 

4.3.1 CEP: rise of the flood embankments 
Within the context of the CEP (1961 – late 1970s) over one hundred polders were constructed 

in southwest delta region, comprising a network of hundreds of miles of embankments. The 

CEP was funded by USAID and relied heavily on the Dutch polder concept: constructing 

peripheral embankments intended for full flood prevention, with sluice gates, canals and 

other hydraulic infrastructure to manage water inside the low-lying polder (Leedshill-De Leuw 

Engineers, 1968). Recommended in an updated Master Plan (1964), three types of polders 

were proposed: polders with gravity drainage, polders with tidal sluice drainage and polders 

with pump drainage (www.icid.org/cp_country.php?CID=8, accessed January 2016).  

A special advisory group on deltaic areas, formed after an international delta management 

conference, assessed and applauded the achievements CEP had made by 1965 (UNESCO, 

1966; United Nations, 1966).38 It minimized reservations about the potential environmental, 

hydrological or social impacts of the hundreds of miles of embankment and reduced 

floodplains in the southwest. It was argued that there would be only minor impacts on the 

changed tidal and sedimentation processes after the completion of the project. The CEP “… is 

to be considered as a first step on the long road ultimately leading to an optimum utilization 

of the agricultural and industrial resources of the coastal belt and to an adequate degree of 

protection of the population and their properties against flooding from both the rivers and 

the sea.” (United Nations, 1966, p.12). During phase One, which lasted until 1971 when 

Bangladesh gained independence, nearly 100 polders were constructed. Phase Two started in 

1972 and lasted until the late 1970s, during which an additional 40 polders were embanked 

(Ali, 2002; Chadwick & Datta, 2001).  

                                                      
37  The Brahmaputra Right Bank Embankment project involved constructing a 150 mile unilateral river 
embankment on the river’s right (west) bank in the 1960s. In the Chittagong Hill Tracts, the Kaptai hydropower 
dam was constructed between 1957 and 1961. It was celebrated as a triumph of modernity, but after closing the 
gates, rising water levels behind the dam covered 650 km2 and displaced 100,000 people (Van Schendel, 2010). 
38 Four of the six team members were Dutch civil engineers: J.B. Schijf (team leader), C.P. Lambregts, C.H. de Jong 
and J.C. Pape (United Nations 1966:5). 
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4.3.2 FAP: river engineering plans and compartmentalized controlled flooding 
pilots 

Major flood events in Bangladesh in 1987-88 triggered another surge of Western donors 

intended to, in collaboration with the Government of Bangladesh (GoB), start developing a 

national flood management strategy with the objective of preventing flood disasters in 

Bangladesh once and for all. The ensuing birth of the FAP in 1989 targeted to “…provide 

protection from flooding by the construction of significant engineering projects including 

major embankments, compartments and other related structures” (Wood 1999, p.733). Eight 

proposals were generated for tackling flooding based on control activities supported by 

studies and pilots. The French proposal in particular sought to train the rivers to discharge the 

water as fast as possible into the Bay of Bengal. The US proposal (Rogers, Lydon, & Seckler, 

1989) was far more integrated but impossible to implement by assuming cooperation 

between upstream and downstream riparians (Brammer, 2010; Parker, 1992). The doubts 

raised by the Krug mission about constructing a large flood prevention scheme, especially in 

the sensitive hydro-morphological dynamics of the central southwest, were largely ignored. 

In the first years of the FAP, large scale hydraulic planning proceeded relatively unchecked by 

societal groups. Sparked by international indignation with the top-down engineering approach 

and lack of societal participation in yet another hydraulic megaproject (Dreze, Samson, & 

Singh, 1997), the attitude changed in the early 1990s, forcefully opening up the debate and 

allowing various social groups to join in discussions about flood management concepts 

(Adnan, 1992; Kvaløy, 1994). While the spontaneity of anti-FAP demonstrations can be 

questioned (Kvaløy, 1994), public protests did attract media attention: they were broadcast 

around the world, causing uneasiness amongst the donor community. Rising tensions about 

the FAP policy were also felt at the level of FAP’s individual projects, including the 

Compartmentalization Pilot Project, or FAP-20. This plan’s centerpiece project was 

implemented between October 1991 and July 2000 by BWDB and two foreign consultancy 

firms in a pre-existing flood control and drainage scheme in Tangail. Funded by the Dutch and 

German governments together with GoB, the project presented a new flood control and water 

management concept for “living with floods”: compartmentalized flooding. The plan 

envisaged controlled flooding and drainage in compartmentalized sections of an existing 

polder, with the objective of experimenting whether the practice would lead to improved food 

production based on this form of water management. Although heavily “controlling” in terms 

of managing flood flows, FAP-20 contrasts with flood prevention in the sense that it pursued 

opening up embankments and facilitating floods in compartmentalized polders. Similar plans 
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existed before 1989 amongst international institutions (UNDP 1989, as mentioned in IOV 

(Operations Review Unit) 1993), but because there were no earlier opportunities, a pilot or 

“socio-environmental experiment” was purposefully included in the FAP. 

FAP-20’s development model, however, also encouraged the partial enclosure of beels 

located within polders, thus squeezing the area available to fishermen dependent on free 

flows of water, and instigated a regulated water system inside the embankments coordinated 

by water user groups. The implementation of piloted controlled flooding in the area meant 

that less-valuable land was sacrificed for the benefit of more valuable land, and that lands 

occupied by homeless would be needed for flooding and newly constructed embankments 

(Parker, 1992). The promised “secure environment” for Tangail in practice only benefited 

landowners at the expense of sharecroppers and the landless fishers facing inadequate 

mitigation measures – instead, the plan was a prelude to widened socio-economic disparities. 

In a very practical sense, the sluicegate (meaning flooding or no flooding) operators were not 

paid and neither were participatory subcommittees. Thus, despite the intended participatory 

mechanisms, those with money to pay the operator, or alternatively to pay mastans, or 

musclemen, to enforce a decision, were effectively in control. Interviews about CPP’s project 

design suggest that while the Dutch wanted the controlled flooding and drainage option, the 

Germans wanted to “pour concrete,” which was also much favored by BWDB. A participatory 

exercise was organized with five options, from drainage-only to an increasing numbers of 

control structures. When the Dutch sociologist leading the consultation was on holiday, the 

most concrete-intensive option was pushed through. As a consequence, far more 

embankments were built than necessary to test the concept (Warner, 2008b, 2010). 

By the early 1990s FAP-20 was being framed as an environmental disaster in the making. 

International and Bangladeshi NGOs, who bussed thousands of demonstrators from Tangail 

to the World Bank office in Dhaka, criticized the effects on livelihoods, especially for the 

fishermen and char land dwellers outside the embankments. While the environmental 

catastrophe besetting beel Dakatia (see next section) was held up to the donors defending 

compartmentalization and controlled flooding in FAP-20, the project cannot meaningfully be 

called a “development disaster” (A. Rahman, 1995), yet it could ride the wave of successful 

opposition to hydraulic development projects, such as the Narmada dam in nearby India 

(Dreze et al., 1997). This made donors circumspect about supporting unpopular development 

projects, and protests against the FAP did indeed stir up these feelings. It led to Ministerial 

visits from sponsors the Netherlands and Germany, to debates in Dutch, German and 
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European Parliaments, and to an intermediate change of consultant (Warner, 2010). FAP was 

discontinued in the mid-1990s. While FAP-20 continued for a few more years until 2000, the 

compartment idea was not fully dropped but was mirrored in the KJDRP.  

4.3.3 KJDRP: contestation over restored tidal flooding  
The mid-1980s and early 1990s revealed a number of socio-environmental consequences 

resulting from the CEP embankments. While in the first years after polder construction the 

absence of tidal floods allowed two rice harvests to be produced, the siltation in the adjacent 

rivers and waterlogging within the polders soon became a structural phenomenon in the 

region (Awal, 2014; Shampa & Pramanik, 2012). The polder embankments not only prevented 

floods from overflowing the land but also halted the deposition of silt and clay on the former 

floodplains. Vast amounts of suspended sediment in the tidal water settled progressively in 

the rivers. The Hari-Mukteshwari, Bhadra and Kobodak rivers, three of the major rivers in the 

region, severely silted up during this period, creating problems with draining water from the 

polders. These environmental consequences resulted in 10-12,000 hectares of land in beels 

and polders being structurally water logged, as the water could not be drained away overland, 

nor could it be discharged (Institute for Right View, 2010). 

In an attempt to address water logging issues and to improve drainage, the Khulna-Jessore 

Drainage Rehabilitation Project (KJDRP) was formed in the early 1990s and thereby paralleled 

the policy formulation process of the FAP. KJDRP was funded by ADB and GoB and executed 

by BWDB (ADB, 2004). It covered approximately 100,000 ha; a quarter of the CEP area. The 

KJDRP had to address the physical hydraulic heritage of the CEP polders, including the socio-

environmental consequences of the project. It offered a spot-on arena where debates about 

physically building on top of existing engineering works – versus more open ways to approach 

water and land management issues in the delta – would materialize in practice. As will be 

demonstrated, this amounts to technological as well as social forms of opening up, thus 

building on a movement that had been set in motion during the FAP. Importantly, during this 

period awareness of environmental flow requirements for rivers grew (Rogers et al., 1989). 

The centerpiece of the debate on open versus closed approaches during KJDRP is an iconic 

public embankment cutting in beel Dakatia. This largest beel in Bangladesh’s southwest region 

is located within the peripheral embankment of polder 25, constructed in the late 1960s 

during CEP and located within KJDRP’s project boundaries. By 1982 the beel started to 

experience severe waterlogging problems. Calls on the authorities, and even a march involving 

thousands of people demanding that water logging be addressed did not have any effect. The 
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land remained completely infertile and was presented as an environmental development 

disaster (A. Rahman, 1995). In September 1990, during a mass community mobilization 

(mahashamabesh), four “public cuts” or non-authorized breaches were made in the 

embankment with the intention of draining away water from the beel and restoring tidal 

dynamics (and land heightening) inside it (Adnan, 2006; A. Rahman, 1995). The restored open 

connection with the Hamkura river immediately initiated tidal dynamics and sedimentation 

processes within the beel. A substantial increase in the land level was observed after the public 

cuts were forcefully closed by BWDB in 1994 (Adnan, 2006). The temporary restoration of 

controlled tidal flooding in polders came to be known conceptually as Tidal River Management 

(TRM). 

Accounts vary in attributing relevance or prime importance to the factors driving public 

embankment cutting. The southwest delta already had a century-old history of local social 

movements, especially in relation to water and environmental governance (Haque et al., 

2014). Amongst these are historic examples of illegal cutting of embankments, under the 

cover of darkness, in response to the disregard of indigenous flood management practices 

(Adnan, 2006; Willcocks, 1930) and the formation of the badhbondi andolon (embankment 

movement) in response to negligence of hydraulic maintenance during the last decades of the 

Zamindar era (Haque et al., 2014). Such local movements were strongly associated with leftist 

political activism and later on attracted the support of NGOs who had close ties to community 

leadership. Haque et al. (2014) argue that it was not so much a leftist political agenda that was 

being pursued but that it was the established social network in itself that facilitated the 

formation of newer movements, with strong support from local leadership. In the 1980s, 

NGOs aiming to improve socio-economic conditions for communities living in the impacted 

southwest delta increasingly started to take an interest in this form of controlled tidal flooding 

(Adnan, 2006; Haque et al., 2014). This was especially the case for the NGO Uttaran, working 

exclusively in the southwest region since 1985 (www.uttaran.net, accessed January 2016, 

[Uttaran, 2011]). The NGOs critiqued the construction of polder embankments and the neglect 

of social participation in hydraulic decision-making head-on, stirring up general discontent 

with the governmental agencies unwilling to incorporate people’s solutions into hydraulic 

projects preceding KJDRP (A. Rahman, 1995). Past engineering works, embankment 

strengthening projects and their executive institutions were all targeted (Coastal 

Development Partnership, 2008; Institute for Right View, 2010; Uttaran, 2011). The KJDRP was 

impugned publicly as a “project of mass destruction,” and one of its components, the 
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Bhobodah sluice gate, referred to as a “death trap” (S. Islam and Kibria 2006, cover page, 

p.14).  

For BWDB, the public cutting of embankments was unacceptable because it went against 

BWDB’s authoritative monopoly in managing hydraulic engineering works. Although 

international consultants had incorporated plans for controlled tidal flooding in coastal basins 

in project documents in the early 1990s (Haskoning, 1993), BWDB did not include the practice 

in the KJDRP, arguing that it misrepresented the real problem and that it was not scientifically 

grounded. The lack of hydro-morphological insights regarding the suitability or effects of TRM 

remained a contested issue in TRM projects to come (Nowreen et al., 2013). A socio-

environmental impact study carried out by EGIS in early 1998 was an important step in terms 

of combining open and closed approaches in a single policy recommendation: it advised the 

construction of a number of engineering works, but it also argued for the inclusion of a TRM 

project based on scientific study (EGIS, 1998). Only towards the end of the KJDRP in 2002 did 

BWDB incorporate TRM in beel Kedaria (ADB, 2004). 

4.4 Analysis and discussion: hybridizing flood management with TRM? 
The previous sections have highlighted a number of water-related policy approaches, plans 

and practical interventions materializing in the southwest delta of Bangladesh. They show that 

over time, a dominant paradigm prescribing closing-off infrastructure was complemented by 

incidental occasions where room for opening up in the form of restoring controlled flooding 

within polders was created. During the KJDRP era, initiatives emerged that became 

conceptually formulated as Tidal River Management: restoring tidal flooding by means of a 

temporary and partial removal of (polder) embankments, scouring the adjacent river bed and 

depositing sediments within the beels (see Figure 7). We will now look more closely at TRM 

and analyze how the practice may be positioned in relation to the open versus closed water 

policy debates.  

TRM takes place in a national context where reliance on closing-off engineering and 

infrastructural approaches to water management is profoundly dominant (Cook 2010; see also 

footnote 31). Therefore, TRM does not genuinely represent an all-encompassing move 

towards open or hybrid approaches but might be better seen as a “partial” pendulum swing, 

or, in innovation literature terms, as niche development in a broader policy landscape (Geels 

and Schot 2007). In regard to the “place” of TRM on the scale of the open versus closed 

debate, it may be seen as a hybrid form: based on existing flood-preventive embankments but 
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temporarily open to tidal flood dynamics. The way TRM operates resembles pre-polder 

overflow irrigation, seasonally submersible embankments, and periods of jowar-bhata 

khelano in floodplains (Haque et al., 2014; Institute for Right View, 2010; Willcocks, 1930). Its 

feasibility is limited to particular geographical areas (beels or other low-lying areas in the tidal 

zone of the southwest delta) and the scale of the practice is so far is only marginal compared 

to the seize of the southwest delta. Furthermore, TRM depends on a specific duration of tidal 

dynamics (usually a number of years) in order to be effective. The temporal nature of the 

practice means that political and policy decisions will have to made be regarding when to open 

and when to close a selected beel.  

TRM has socio-politically and conceptually been framed in a number of ways. As remarked by 

Haque et al., quoting one of their interviewees: “…It’s a long time when polders and 

waterlogging were main targets of [our] TRM movement; we are now more of an 

environmental movement for rescuing the southwest from ongoing ecological disaster and 

climate change” (Haque, Chowdhury, and Khatun 2014, p.205). The earlier shift in emphasis 

on TRM as a form of indigenous hydraulic engineering, a solution for water logging problems, 

and a means over which to challenge vested institutional power relations has by now been 

complemented by representations of TRM as a climate change adaptation measure and eco-

engineering innovation (Uttaran, 2011, 2013), an innovation (R. Rahman & Salehin, 2013), and 

regarded as the object of study within the context of ecosystem services valuation. We are 

not certain whether the interest of “new” actors – including political actors and socio-

environmental NGOs – in TRM preceded this conceptual broadening, or vice versa. Relatedly, 

the representation of TRM as a community-driven intervention based on unequivocal 

consensus is contrasted by findings referring to communities being interested in embankment 

construction and flood prevention, and to communities that opposing and even closing the 

embankment cuts (Cook, 2010; EGIS, 1998; Paul, 1995). 

The political nature of TRM is also represented by BWDB’s initial reluctance to accept a “non-

scientific concept” in KJDRP’s project design and calls for TRM to become scientifically 

grounded. Following the seminal EGIS study (1998), several scientific studies now go into the 

technical and social dimensions of TRM.39 These investigations may provide further insights in 

                                                      
39 Besides project-based studies undertaken by research institutes CEGIS and IWM, studies include (Awal, 2014; 
Coastal Development Partnership, 2008; Haque et al., 2014; Ibne Amir, Khan, Kamal Khan, Golam Rasul, & Akram, 
2013; Shampa & Pramanik, 2012; Uttaran, 2011). Few policy analysis studies have been conducted on the 
concept (Nowreen et al., 2013; R. Rahman & Salehin, 2013). A Dutch research programme 
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its potential. In the meantime, after the public discontent over TRM operations and crop 

compensation, BDWB is now moving away from the “problematic” region to other more 

receptive areas such as Pakhimara with renewed TRM projects. TRM plans have been 

incorporated in long-term policy plans for the region and envisage an upscaling in the future.40 

Restoring controlled tidal flooding in basins is not unique to Bangladesh. In the Dutch delta, 

for example, a series of projects is currently underway that involves the lowering or full 

removal of embankment sections, subsequently restoring (tidal) flood dynamics.41 A major 

difference is that sedimentation is not always strategically pursued as a way to increase land 

height (Van Staveren et al., 2014). In the Vietnamese Mekong delta, similar practices are 

proposed (Socialist Republic of Vietnam and the Kingdom of the Netherlands, 2013). Along 

the Potomac river, located in the northeastern USA, in front of the Pentagon a tidal basin 

flushes the Washington Channel.42 

4.5 Conclusion 
In the near and longer term future the southwest delta of Bangladesh will experience a 

number of intensifying environmental and human challenges including river siltation, flooding 

in coastal zones, population growth, and impacts of climate change (Brammer, 2014; Pethick 

& Orford, 2013; Syvitski et al., 2009). Contemporary policy makers are therefore confronted 

with the question of how to address the southwest delta’s water, flood and sedimentation 

dynamics. 

The outcomes of earlier debates among policy makers, engineers, and international advisors 

embedded in a broader socio-political-environmental reality subsequently materialized in a 

“layered” series of policy plans and hydraulic projects. We explored these policy debates in a 

longitudinal and purposefully dichotomized “closed” (high river or polder embankments and 

large water control structures) versus “open” (floodplain management, temporary water 

retention and lower embankments) way, to analyze how the debate has evolved over time.  

                                                      
(www.nwo.nl/en/research-and-results/programmes/Urbanising+Deltas+of+the+World, accesses June 2016) 
includes projects that will conduct research on TRM. 
40 The Bangladesh Delta Plan proposed to further investigate TRM on its potential (senior policy consultant at 
Bangladesh Delta Plan, personal communication). A TRM Master Plan indicates three series of beels to be 
inundated in sequence, in three different river catchments between 2015 and 2049. (non-disclosed document, 
senior policy consultant at Bangladesh Delta Plan, personal communication). See also Uttaran (2013).  
41 For impressions see www.waterdunen.com and www.perkpolder.nl (in Dutch, accessed January 2016). 
42 http://dc.about.com/od/touristattractions/a/TidalBasin.htm, accessed January 2016. 
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Using a pendulum swing metaphor (Huitema & Meijerink, 2009; Wallace, 2000) the article 

shows how the water policy debates, plans and initiatives in dealing with floods have oscillated 

between these extremes over time. Neither one of the policy orientation extremes is met in 

full: even during historic times of unrestrained flows of water, there has always been some 

form of local city-protecting bundh raising. During the Flood Action Plan’s full-fledged 

engineering plans, counter voices argued for more open (physically as well as socially) 

approaches, and these sometimes materialized in bottom-up embankment cutting. We argue, 

therefore, that we might better speak of a bundle of pendula that oscillates between the two 

poles. At a certain point in time, a majority of pendula may be located near or swing towards 

a pole, but others are located somewhere in between. Representing alternative interventions 

or approaches vis-à-vis the dominant policy approach, it may not be known whether they will 

follow the bundle or remain pending. On the this scale, TRM can be seen as a hybrid form: it 

departs from existing engineered embankments, but is distinctly open in regard to the 

temporary restoration of tidal flood dynamics in the beels of Bangladesh. At the same time, 

the socio-political use of the TRM concept complicates effective debates about its potential.  

Drawing from insights in TRM we argue that both embankments as well as tidal flood dynamics 

should be conceptualized differently. In addition to embankments’ capacity to prevent floods, 

they should also be regarded as having flood facilitating capacities in both time and spaced: 

preventing some floods but allowing beneficial floods in regard to raising land and scouring 

silted rivers. In the same vein, dealing with tidal flood dynamics is not about closing down 

rivers in the face of twice daily rising water levels; it is also about occasionally opening up a 

river for its suspended sediments. Understanding tides (and sediment flow) for their dynamics 

is key to understanding their value: the tides that cause fluctuating water levels and the in- 

and outflow of water; water that, in turn, facilitates the movement of suspended sediment. 

As argued by Uttaran, “…The history of water management […] is mainly a history of silt 

management” (Uttaran 2013, p.18). These lessons were implicitly adopted in historic 

approaches, but may need to be highlighted again if they are to be included in contemporary 

debates on long-term delta planning and water management policy.  

While we started this analysis from the physical point of view, a social form of opening up was 

also identified at the level of social participation processes in hydraulic policy making. 

Although taking shape hesitantly, and sometimes only effectuated after donors’ interventions 

or vigorous social protests, it can be argued that discussions about water management and 

TRM in the southwest delta are no longer the exclusive domain of hydraulic planners and 
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engineers but also of various social actors and representative organizations. Changes in policy 

orientation have therefore also been effectuated by social actors, represented by broader 

actor networks and new advocacy coalitions pushing for different types of approaches, which 

reconfigured existing institutional structures by challenging the dominant policy perspective 

for its failures. Especially during recent decades, attention to environmental issues and an 

emphasis on social participation in local water management projects have (forcefully) created 

some room for ‘opening up’ in the social domain of hydraulic engineering. 

This article underscores the complexity of interactions between societal processes along with 

political discourses, environmental dynamics and technological developments to such an 

extent that it is difficult to trace the prime drivers of specific outcomes, or in this case, the way 

the pendulum swings. From our analysis we conclude, however, that the physical rigidity of 

infrastructure is a relatively strong driver in shaping future development pathways that tend 

to build on existing flood prevention networks as well as prevalent policy directions (Van 

Staveren and van Tatenhove, 2016). We argue, therefore, that addressing the dynamics of the 

Bangladesh delta should be informed by an historic understanding of its layered “hydraulic 

heritage,” long-term environmental processes as well as social network analyses in the water 

policy domain. Especially in relation to the latter, it has been demonstrated that social action 

can profoundly modify hydraulic design and operations (Bijker, 2002). A perspective 

acknowledging this complexity and the complex interaction between a range of processes, 

therefore, in turn, seems a suitable analytical point of departure to formulate water policy 

and interventions in the fluid delta environment of Bangladesh.
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Abstract 

Recently the Vietnamese government has endorsed a long-term policy plan in which it is 

proposed to restore controlled seasonal flooding in the upper regions of the Vietnamese part 

of the Mekong delta. Restoring controlled flooding would contrast a period of several decades 

characterized by a dominant flood prevention approach to enable intensive rice production in 

the delta. This article investigates a series of long-term policy plans, which have been 

developed for the Mekong delta since the 1960s, on their take on flood control sensu flood 

prevention, or the opposite, controlled seasonal flooding. By doing so it is demonstrated how 

perspectives on flood management have gradually evolved and, in the specific case of 

suggesting controlled flooding, have been framed in various ways by various actors. 

Contemporary proposals for controlled seasonal flooding are supported by actors ranging 

from governmental institutes to environmental NGOs, and connect to on-going debates about 

environmental challenges and sustainable development of the Mekong delta. We adopt a 

systems approach to analyze social, environmental and technological dynamics in the Mekong 

delta, and discuss whether the different interpretations of controlled flooding may contribute 

to the long-term sustainability of the delta. 

Keywords 

Controlled flooding; delta trajectory; long-term delta planning; Mekong delta; Vietnam 
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5.1 Introduction 
Conceptualizing the Mekong delta as a hydro-agricultural machine (Biggs, Miller, Chu Thai, & 

Molle, 2009, p.216) has instigated the question to which extent flooding could be harmful, or 

contributive, when it comes to “keeping the engine running.” This issue has long been the 

object of debate, since the delta’s rice production system needs substantial inflow of water 

and sediments, but also a form of flood protection against unexpected high water. While over 

the past decades this debate resulted in a dominant flood prevention approach (Benedikter, 

2013), challenging calls to preserve or even restore seasonal controlled flooding in the densely 

populated and urbanizing Mekong delta have recently been brought forward (Käkönen, 2008; 

Marchand et al., 2014; K. V. Nguyen et al., 2015). In order to better understand these topical 

discussions, this article analyzes a number of long-term policy plans drafted on the scale of 

the Mekong delta on their take on flooding - prevention, preservation, restoration, or a 

combination thereof. In doing so we shed light on why certain flood management ideas have 

been suggested, how these institutionalized and continue to affect the development 

trajectory of the Mekong delta, and lastly why new conceptual flood management proposals 

emerged.  

In the analyzed policy plans we note general interest in “greener” forms of flood management, 

which is not unique to the Mekong delta. Also in other deltas including the U.S. Sacramento-

San Joaquin delta and the Dutch delta, an interest in restoring flood dynamics on lands which 

have long been cut off from rivers or estuaries is observed (Bates & Lund, 2013; Van Staveren 

et al., 2014). From a gradual recognition that the absence of flooding also comes with 

considerable environmental drawbacks (Gerrits & Marks, 2008; K. V. Nguyen & James, 2013), 

restoring relatively “manageable” flooding could meet flood management objectives and 

environmental concerns at the same time. Regarding environmental concerns, it is argued 

that flooding supports the conservation of wetland ecosystems and biodiversity, that it brings 

in fresh sediments and nutrients, and that it is more compatible with sustainable flood-based 

agricultural production schemes in the Mekong (Ehlert, 2012; Nikula, 2008; Tong, 2017). 

Regarding flood management objectives, spreading out flood peak discharge over a larger 

area, for example by means of flood diversion, floodplain reconnection or temporary 

retention, contributes to regional flood safety by lowering peak water levels (Van Staveren et 

al., 2014). Portraying floods as environmentally valuable challenges the often dominant flood 

prevention paradigm, based on a one-dimensional understanding of flooding as damaging and 

therefore undesirable. It is therefore not surprising that these considerations have sparked 
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contentious policy debates about which flood management strategy would benefit the 

Mekong delta’s development path (Käkönen, 2008). 

As a major contribution to this debate, a recently endorsed long-term policy plan (the Mekong 

Delta Plan43 [MDP]) explicitly recommends to capitalize on extensive seasonal flooding in the 

upper agricultural regions of the Vietnamese part of the delta (Socialist Republic of Vietnam 

and the Kingdom of the Netherlands, 2013, pp.86-88). The MDP follows on earlier delta-scale 

policy plans, composed in the 1960s, 1970s and 1990s likewise formulated by the Vietnamese 

government and their international advisors (the Mekong Delta Development Program [1968], 

the Netherlands Delta Development Team plan [1974] and the NEDECO plan [1993] 

respectively). It will be demonstrated that these sequential plans present evolving frames on 

flood control (in the sense of prevention) and controlled flooding (the facilitated overflow of 

[seasonal] flood water over or through river embankments). Controlled flooding can be 

understood as having: (1) a primary hydrologic objective, designating areas for flood retention 

or diversion routes, as a protective measure safeguarding downstream areas (so from that 

perspective, still a form of flood control) but more often as having (2) a specific agro-

environmental objective which involves the facilitated intake of seasonal flood water 

(including suspended sediment and nutrients) for the benefit of agricultural production or the 

natural environment (Van Staveren et al. 2014). These objectives are not mutually exclusive. 

A better understanding of how and why interests in restoring controlled flooding developed 

is relevant in order to anticipate social tensions that might arise when controlled flooding 

initiatives are to be implemented. In An Giang province, located in the upper regions of the 

delta where controlled flooding is proposed, from 1975 onwards the construction and 

heightening of embankments has been pursued to support increased rice production. This 

resulted in a strong dependency on flood-preventive embankments, but in parallel also a 

social development trajectory created, comprising certain farming-based livelihoods, socio-

institutional networks, and vested interests (Hieu, 2010; Howie, 2011). New flood 

management measures can influence this trajectory, ranging from modifications to the 

hydraulically engineered delta landscape, to enforced changes in agricultural production. 

Section 2 will present our analytical approach. We make use of a systemic perspective on delta 

development, which analyzes how social, environmental and technological factors mutually 

                                                      
43  See www.wur.nl/upload_mm/2/c/3/b5f2e669-cb48-4ed7-afb6-682f5216fe7d_mekong.pdf, accessed 
February 2016. 
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interact and shape how deltas develop over time. Section 3 will provide the necessary 

background on water dynamics and flood management in the Mekong delta, and describes 

how a certain delta development trajectory was “kicked-off” in the past. Section 4 presents 

the main empirical findings, consisting of a detailed analysis of four long-term policy plans, 

along the lines of the systemic delta perspective, and with a particular interest in how those 

plans approach flooding. Section 5 brings up a number of points for further discussion, relating 

these points with the Mekong’s development trajectory. In the final section, we draw the main 

conclusions. 

5.1.1 Methodology 
The conceptual approach to understand delta development provides the framework to 

analyze the selected long-term policy plans, where their take on water management in the 

Mekong delta in general, and on controlled flooding in particular, are the central topics. We 

analyze how these frames relate to environmental dynamics, social processes and 

technological development in the hydraulic domain, and investigate how the interventions 

suggested in the plans have impacted, or could impact, the Mekong delta’s trajectory.  

Data collection consisted of analyzing existing gray literature, primarily a number of long-term 

policy planning documents, and additional expert interviews, which were conducted in English 

or mediated by a translator. The selection of earlier long-term planning documents was based 

on the overview provided by Miller (2003, Appendix F), complemented with the most recently 

formulated long-term delta plan in 2013. Since many sectoral and regional policy plans are 

available, an important criterion has been whether the selected plans adopted a delta scale. 

Due to practical reasons, the analysis concerning the Mekong Delta Plan has been done in 

more detail (document review and interviews) as compared to the older gray plans (document 

review). Interviews were conducted in 2016 with representatives from Vietnamese research 

institutes, NGOs and provincial government officials who have been involved in water policy 

planning. 

5.2 Delta trajectories and frames on flood management 
We conceptualize deltas as interacting social-ecological-technological systems, where a “delta 

trajectory” expresses how a delta develops over time (Van Staveren & van Tatenhove, 2016, 

see also Benedikter, 2013, p.95; Molle, 2003). This approach stresses the mutual interaction 

between social and governmental actors (embedded in a political-institutional setting) 

shaping policy choices, the (historic) construction of hydraulic engineering works resulting 

from these choices, and the delta environments in which these actions take shape.  
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The conceptualization of deltas as social-ecological-technological systems is inspired by social-

ecological systems views (Berkes et al., 2008; Folke et al., 2005). It has been argued that such 

views are highly relevant for delta-oriented analyses (Edelenbos, Van Meerkerk, & Van 

Leeuwen, 2015; Käkönen, 2008; Renaud, Syvitski, et al., 2013). At the same time it has been 

noted that more attention should be paid to how technological systems, such as hydraulic 

infrastructure, influence social-ecological systems trajectories (A. Smith & Stirling, 2010). This 

is supported by historical analyses of the Mekong delta, which highlight how hydraulic 

engineering works have mutually interacted with the delta’s environment and influenced its 

social structures (Biggs, 2010; Brocheux, 1995; Miller, 2006).  

The intricate relations between social, environmental and technological systems in shaping a 

composite delta trajectory show from the effect of embankment construction (be it in 

“simple” or technically more advanced ways) on the social and the environmental systems. 

Embankments create relatively flood-free land, enabling socio-economic development in 

areas formerly exposed to frequent flooding. But suspended sediments do longer deposit on 

floodplains but instead start making river beds more shallow. Especially in deltas, flood-free 

land starts to subside due to soil compaction or groundwater extraction. In order to keep 

safeguarding these lands, there will be calls for increased protection against high water. This 

typically takes place via heightening or reinforcement of existing embankments. Intertwined 

with the parallel formation of associated hydraulic institutions, hydraulic engineering works 

therefore start to display characteristics of technological and institutional lock-in (Lach, 

Rayner, & Ingram, 2005). This may lead deltas towards long-term unsustainable system states, 

as in the above example the difference between land and water is ever increasing (Gerrits, 

2008). The enduring connection between past hydraulic interventions and contemporary 

debates shows from the notion that the canals that opened up the Mekong delta in the past 

(see next section), are now contributing to salinity intrusion far inland, affecting agricultural 

production (Tuan et al., 2007). 

The delta development trajectory that results from interaction between social, environmental 

and technological systems may be defined as sustainable or unsustainable, in which the 

adopted time scale is critical. Yardsticks such as technical possibilities can be used to assess 

whether flood management innovations are capable of dealing with the future impacts of 

climate change. Also, social acceptance of costs related to constructing and maintaining 

hydraulic works, and acceptance of environmental impacts of such works, is important to 

assess whether a certain water management frame yields sufficient support or becomes 
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challenged. We argue therefore that stability or change in delta trajectories is determined by 

the interactions between social, ecological and technological factors, and that drivers for 

change can originate in either of those systems. Despite their interrelatedness, each system 

can be further specified, emphasizing how stability or change may be triggered. 

To start with, delta environments are highly dynamic, involving a continuous interaction 

between land and water, including seasonal flooding, erosion, sedimentation and land 

formation processes. We define the technological system (the hydraulic network of canals, 

flood embankments, sluice gates and pumping stations) as the material outcomes of societal 

choices about how to deal with a delta’s watery environment. Hydraulic infrastructure can 

result from formal policy planning processes and the subsequent implementation of 

recommended works, but also from local initiatives that are disconnected from such 

processes. The social system comprises actors and networks that are connected to dealing 

with water and flood management in the Mekong. This understanding is purposefully broad, 

since a variety of actors is involved in the topic, including international policy and planning 

advisors (Biggs, 2010; Ekbladh, 2002). Vietnamese governmental bodies have exerted a strong 

influence in deciding on policy choices, based on technical advice provided by their associated 

research institutes (Benedikter, 2013), while NGOs working on environmental issues and with 

farmers, increasingly engage themselves with local water management. Social actors may 

have the capacity to oppose or enforce redesigning of flood management projects resulting 

from distant policy plans (Wesselink & Warner, 2010). 

In order to analyze evolving perspectives of policy plans, as well as social actors’ position 

towards water and flood management in the Mekong, a framing approach is used (Rein & 

Schön, 1996). In policy and planning studies, frame analysis is employed to distinguish 

between different groups of ideas or perspectives, typically supported by a number of allied 

social actors, regarding a certain policy issue (Dewulf, 2013; Hajer & Versteeg, 2005). Actors 

or actor coalitions may adhere to existing or develop alternative frames which typically results 

in competition between existing, reframed, and new frames (Dewulf, 2013; Wesselink & 

Warner, 2010). Subsequently, these dynamics may challenge dominant institutional 

arrangements, creating legitimacy or interest-driven opportunities for other actors to join in 

policy debates. Dynamics regarding frames and (re-)framing in flood management are 

therefore often socio-politically driven (Wesselink & Warner, 2010). Frames represent a 

situation in a particular light, legitimize particular courses of actions, and are particularly 

important in development cooperation. They naturalize (or resist) interventions to tackle a 
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particular socioeconomic problem. For example, Mitchell (1991) shows how the World Bank 

successfully framed Egypt as an overpopulated country in need of development, legitimizing 

large-scale American and multilateral support.  

5.3 The Mekong’s watery development trajectory: mastering the dragons 
The Mekong delta is the low-lying region of the Mekong river basin, where numerous rivers 

and canals release sediment-laden water into the sea. The delta is to a large extent located 

within Vietnamese territory. Just below Phnom Penh in Cambodia, the Mekong splits into two 

distributaries; the Mekong (or Tien) river and the Bassac (or Hau) river. Depending on the 

season, 80-85% of the water flows via the Mekong, while 15-20% flows via the Bassac. 

Downstream of the Vam Nao river, which connects both rivers again roughly at the latitude in 

between the Long Xuyen Quadrangle and the Plain of Reeds (see Figure 8 below), the 

distribution of water through both channels is balanced out again. There is a substantial 

difference between low flow (2.340 m3/s) and peak flow (25.500 m3/s, with an extreme 

discharge of over 29.000 m3/s in 2000) during the year. Flood water drains into the Gulf of 

Thailand (or West Sea) via a number of large canals, and into the South China Sea (or East Sea) 

via a number of distributaries. Especially during flood season large quantities of suspended 

sediment flow into the delta which either get deposited on floodplains, settle in river beds, or 

are carried further downstream to the delta’s coastal zone (Hung et al., 2012; Renaud & 

Kuenzer, 2012; Tri, 2012). 

The Mekong’s Sino-Vietnamese name, Cuu Long, popularly translates as “nine dragons,” 

referring to the Mekong’s nine historical branches conveying water towards the sea44 (Renaud 

& Kuenzer, 2012). But in addition to these river flows, which find their ways through rivers, 

canals and a network of sluice gates, we identify a “tenth dragon.” During flood season from 

July to December, large volumes of water flow overland across the Cambodia-Vietnamese 

border towards the South (see upper left arrows in Figure 8). Overland flooding is entirely 

different from water conveyance via river branches. Overland flooding is a relevant water 

related dynamic in the Mekong delta, but get easily overlooked when only focusing on water 

conveyance via river branches. 

 

 

                                                      
44 One of the distributaries is closed due to sedimentation (Jansen, 2015). 
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Figure 8. Controlled seasonal flooding in the Mekong delta 

The Mekong delta is the low-lying region of the Mekong river basin, where numerous rivers and canals release water into the 
sea. The delta is to a large extent located within Vietnamese territory. Flood water drains into the Gulf of Thailand (or West Sea) 
via a number of large canals, and into the South China Sea (or East Sea) via a number of distributaries. The Mekong's Sino-Viet-
namese name, Cuu Long, popularly translates as 'nine dragons', referring to the Mekong's nine historical branches conveying 
water towards the sea. A 'tenth dragon', however, could consist of sediment-laden flood water overflowing embankments during 
flood season. While in large parts of the delta this dynamic is prevented or reduced due to embankment construction, policy 
plans now propose to restore this form of controlled flooding in the upper regions.
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Overland flood water steadily fills up canals and starts overflowing embankments, notably in 

An Giang/Kien Giang (Long Xuyen Quadrangle) and Dong Thap (Plain of Reeds) provinces.45 

Whether seasonal flooding will be moderate or extensive is difficult to predict since the delta’s 

hydrology is highly complex: water volumes build up slowly to “overflow level,” upstream 

water storage or release with hydropower dams and in Tonle Sap lake, and the influence of 

the twice-daily tides reaching far inland all play a role in this (Hung et al., 2012; Tri, 2012). 

Although large parts of the region are embanked with high or medium-high embankments, 

about 45% of the region can still become submerged during flood season – not uniformly, but 

depending on whether or not individual plots or zones are embanked (Hung et al., 2012; Tri, 

2012). Sometimes controlled flooding is practiced on a rotational basis: over a period of three 

years, eight rice crops are produced while during one period of seasonal flooding, the fields 

are submerged with water. 

Seasonal flooding has environmental benefits: from flushing out acidic soils, to depositing 

sediment, bringing in nutrient-laden moisture to prepare fields for the next cropping, and to 

killing pests such as rats (Ehlert, 2012; K. V. Nguyen & James, 2013; V. X. Nguyen & Wyatt, 

2006; Nikula, 2008). It constrains opportunities for rice production, for example when three 

rice crops per year are pursued, or when extreme seasonal water levels cause damage to 

urban areas such as Can Tho, located centrally in the delta. The most recent extreme flood 

events took place in 2000, 2001 and 2011, causing large-scale damage (Renaud & Kuenzer, 

2012).  

5.3.1 Initiating the Mekong’s delta development trajectory 
Unsurprisingly, resulting from these watery dynamics, the Mekong delta’s history is 

characterized by hydraulic interventions aiming to master the delta’s water flows. Generations 

of actors, whether distant policy makers or local farmers, have molded an environmental and 

social development trajectory in the Mekong. Biggs (2010) and earlier Brocheux (1995) have 

demonstrated how hydraulic engineering, notably dredging, canal construction and the 

introduction of water pumps during the time of French colonial rule (1887-1954) has shaped 

the Mekong delta’s development path. French dredgers physically opened up the Mekong 

delta wetlands by digging hundreds of kilometers of canals during the first decades of the 20th 

                                                      
45  The Vietnamese language uses different wordings for floods, ranging from storm floods (bao lu) in the 
mountainous regions, to the relatively slow inundation following the overland flow (lu lut), also referred to as 
mua nuoc noi; water rising season (Tuan et al., 2007, p.27) or water moving season (Benedikter, 2013, p.82) in 
the Mekong delta. There is also a distinction between “supplying” floods: nuoc son (reddish water) referring to 
the water color of heavily silt-laden water from upstream, or “draining” floods: nuoc bac (silver water) referring 
to greenish and transparent water that drains fields with acid surface soils (Tuan et al., 2007, p.26). 
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century. These canals provided access into the Mekong’s still sparsely inhabited wetlands, and 

made it possible to reclaim, settle, and develop those lands into agriculturally productive 

areas. Once these areas were accessible, tens of thousands of farmers from Vietnam’s 

northern regions were relocated to settle in these areas (Jansen, 2015). The soil that became 

available by excavating the canals was used to raise the canals’ embankments, effectively 

starting to divide the delta plains into an agglomeration of individually enclosed lands with a 

unitary hydrology (Hashimoto, 2001, p.25). These ‘polders’ were later purposefully 

constructed in the central regions of the Mekong delta to be able to better grasp local land 

and water management within areas surrounded by embankments (Biggs, 2010). These early 

day interventions outlined the contours of a development trajectory where “natural” wetland 

was converted into lands intended for agricultural production, and which necessitated a form 

of water management but above all, flood control. 

While adapting to seasonally rising water levels has been the way of life in Mekong delta 

societies for centuries (Ehlert, 2012; Miller, 2003), the construction of so-called August dykes 

from the 1970s onwards signified an important step in shifting from flood avoidance and 

adaptation to strategies geared towards flood control (Benedikter, 2013; Truong, 2000). In 

addition to the expanding canal network and fragmented flood protection works, August 

dykes (bao lung, [Benedikter, 2013, p.110]), also referred to as medium-high, temporary or 

semi-dykes (de bao thang tam, [Trung, Tuan, Trieu, Bastakoti, & Lebel, 2013, p.119]), 

prevented flooding of fields until August. After August seasonal floods would overflow the 

banks and inundate rice fields for a number of months (Howie, 2011). But following policy 

reforms in 1986, targeting increased rice production under relatively flood-free conditions, 

the Vietnamese government set about heightening this embankment network (Benedikter, 

2013; Howie, 2011). By now, most August dykes turned into high flood-preventive 

embankments, comprising an extensive network consisting of flood-preventive 

embankments. These developments have provided the backdrop for subsequent policy plans 

that proposed further hydraulic interventions, to which we turn in the next section. 

5.4 Mekong delta long-term policy plans: changing frames on water and 
flood management  

5.4.1 Frames on flooding in policy plans 
The Mekong delta has been the object of future-making for a long time, with water and flood 

management challenges as central topics (Biggs et al., 2009; Miller, 2006). Various policy 

studies have been conducted on individual sectors or geographic areas, but occasionally plans 
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aimed for integrated and delta-scale analyses (Miller, 2003). These delta-scale policy plans 

display, as will be demonstrated in more detail below, evolving attitudes or frames on how 

the Mekong’s (seasonal) flooding should be dealt with.  

5.4.2 The MDDP 
The first long-term master plan on the scale of the Mekong delta was developed in the late 

1960s (Miller, 2006). The Mekong Delta Development Program (MDDP) was drafted by David 

Lilienthal, a US engineer and chief architect of the Tennessee Valley Authority (TVA) in the U.S. 

The TVA was set up as an integrated regional development model, proposing hydraulic 

interventions to control flooding and improve navigation in the Tennessee river. But it also 

designed agricultural and social programmes with the ambition to spur socio-economic 

development on a regional scale along the lines of technological modernization (Ekbladh, 

2002; Lilienthal, 1944). Potential negative environmental impacts of large hydraulic works did 

not receive much attention. The TVA model came to serve as the US’ overseas development 

model; proposing technological interventions accompanied by societal development models 

for agrarian societies in an attempt to turn back the tide of communism (Ekbladh, 2002). 

After two years of investigation, compromised by the Vietnam war (1960-1975), the MDDP 

was issued in 1968 and clearly mirrored TVA ideas. It framed the development challenge in 

the Mekong as to be addressed by investment in technological means, improving agricultural 

production by means of extensive water control and drainage works. It proposed a “closing-

off” approach (Miller, 2006), recommending “…A 20-year development programme covering 

the largest part of the delta in Vietnam, comprising of a complete diking and water control 

system and aiming at tripling of rice production by 1990” (Netherlands Delta Development 

Team, 1974, p.20). Representative of its take on controlled flooding, the plan included massive 

flood bypasses to the Gulf of Thailand (or West Sea) and via the Plain of Reeds to the South 

China Sea (or East Sea) to route the controlled diversion of seasonal peak flows (Miller, 2003, 

p.187). While the implementation of the MDDP was obstructed because of the Vietnamese 

war, its recommendations were quite in line with later proposals (Miller, 2003). 

5.4.3 The NDDT plan 
In collaboration with the Mekong Committee (the current Mekong River Commission), the 

Dutch government made a number of experts (hydraulic engineers, agricultural experts and a 

sociologist) available in the early 1970s to draft the Netherlands Delta Development Team's 

(NDDT) plan for the Mekong delta (Netherlands Delta Development Team, 1974, p.15). The 

work of the team was similarly heavily influenced by the intensifying war in the Mekong delta, 
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which impeded field work and new local research being conducted. Most of the report was 

therefore based on existing studies and composed in the Mekong Committee’s office in 

Bangkok. 

Reflecting the MDDP’s framing, the report strongly focused on agricultural development by 

means of water control. It saw good opportunities for this in the central regions of the delta, 

since flood dynamics were only moderately deep there and soil conditions supportive for rice 

production. It discouraged investing in the upper region of the delta, since the magnitude of 

the yearly floods was impressively large (with flood depths up to four meters) and expected 

returns on investment were low. The report instead advised to “let the northern regions 

flood” and in doing so framed controlled flooding as a means of flood diversion, enabling 

socio-economic development primarily in the central regions. Another reason to accept 

controlled flooding shows from considering it unnecessary to construct embankments in the 

upper regions, since dams were planned upstream: “…Because high dikes might become 

superfluous in the future when upstream development [hydropower dams] would cause a 

considerable reduction in flood levels, flood protection of the area with deep flooding should 

be avoided as long as there are other development opportunities [in other regions] 

(Netherlands Delta Development Team, 1974, p.7).” 

Environmental impact assessments of proposed works, or considerations of positive aspects 

of seasonal flooding were absent in this plan. Nevertheless, a socio-institutional chapter 

acknowledged the importance of a proper understanding of societal needs and limitations, up 

to farm level. It argued that the individual use of pumps for irrigation and drainage, to which 

farmers have become fully acquainted with, should not be substituted suddenly by extensive 

water control projects, because of social-psychological reasons (Netherlands Delta 

Development Team, 1974, p.136). 

After the end of the Vietnam War in 1975, a number of isolated irrigation and flood 

management projects were implemented but these were not very effective. Due to economic 

downturn in the 1980s no larger investments were possible. This changed in the early 1990s, 

when the Doi Moi, or economic liberalization policy formulated by the Vietnamese 

government in 1986, started to take effect (Benedikter, 2013).  
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5.4.4 The NEDECO plan 
Almost 20 years after the NDDT plan, a consortium of Dutch experts under the name of 

NEDECO (NEtherlands DEvelopment COrporation) formulated the “Master plan for the 

Mekong delta in Vietnam” or in short the NEDECO plan (NEDECO, 1993). The drafting of this 

plan was influenced by several socio-environmental developments concerning the Mekong in 

the 1990s. Importantly, the economic liberalization policy stimulated market development 

and major investments in water infrastructure by international financing institutions – hence 

many of the works recommended by the NEDECO plan were implemented, be it with lag time 

(Benedikter, 2013, p.103). Also, the Dutch government and in particular its Ministry of 

Transport, Public Works and Water Management developed an interest in collaborating with 

a relatively new development partner for political-economic reasons (Kleinen, Van der Zwan, 

Moors, & Van Zeeland, 2007). 

Compared to the MDDP and the NDDT plan, its various water control measures were not 

exclusively geared towards improving agricultural production. Instead, the plan adopts a 

slightly broader frame: water and flood dynamics are placed in relation to its relevance for the 

delta environment, in particular nature reserves and wetlands, in addition to its agricultural 

dimension (NEDECO, 1993, pp.21-22). Explicit reference is made to the Brundtland report 

(WCED, 1987), the seminal work advocating sustainable development in response to 

environmental problems issued a few years earlier (NEDECO, 1993, p.3), and to the work of 

environmental NGOs such as WWF and IUCN (p.136). The plan address Brundtland’s message 

by reiterating the need for Environmental Impact Assessments to be conducted for individual 

measures and suggests to set up an Environmental Protection Center. In this way the NEDECO 

plan recommendations started to connect with discussions about the (un)sustainability of 

potential interventions. In particular the NEDECO plan advocated for controlled flooding on 

various locations: in the deep-flooded areas in the upper regions (p.50) and linked to certain 

scenarios also in the shallow flooded areas more central in the delta (p.73, see also the next 

paragraph). It argued that full flood protection would be out of the question due to the 

backwater effects affecting Cambodia, and for environmental reasons. It kept the door open 

for flood bypasses in the form of “green rivers”: areas in use for agriculture that could be 

flooded in order to drain high water. This mirrored earlies bypass ideas, as included in the 

MDDP. Controlled flooding is thereby framed as an element of sustainable flood management, 

and relevant in relation to the development of the Mekong delta’s trajectory. To date, the 

plan and the underlying studies conducted to support its recommendations are still important 

reference material. 
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The plan has a future outlook comprising a few decades (until 2050) and distills three 

development scenarios: (1) an extreme scenario with no limits to water abstraction even 

during low flow, pursuing triple rice cropping and flood control, (2) an intermediate scenario 

with no limits to water abstraction but some restrictions on rice production and flood control 

and (3) the "moderate" scenario, following a prudent development path with no additional 

water abstractions during the critical low-flow period from early March to early May, and no 

additional triple rice cropping; full flood protection is allowed in the shallow-flood areas; in 

the deep-flood areas only controlled flooding is an option to safeguard the harvesting of the 

Summer-Autumn rice crop (NEDECO, 1993, p.71). The moderate scenario was felt to be the 

most suitable. Although socio-economic development is the main objective, the master plan 

limits itself to recommending an institutional framework to implement recommended 

projects in a rather top-down way: the plan clearly frames farmer organizations as recipients 

that should be made receptive for Vietnamese institutions ‘selling the message’ and the 

NEDECO plan’s individual projects. 

5.4.5 The Mekong Delta Plan 
Another 20 years later, the Mekong Delta Plan46 was composed within the context of a by now 

active bilateral cooperation between Vietnam and the Netherlands on water and delta 

management (Government of the Netherlands, 2009; Socialist Republic of Vietnam and the 

Kingdom of the Netherlands, 2013). The initiative to start formulating yet another delta plan 

has to a large extent been driven by the establishment of the Dutch Delta Committee in the 

Netherlands in 2008 (Seijger et al., 2016). This state advisory committee developed the latest 

interpretation of long-term delta planning, which also characterized the MDP process: it 

consisted of a scenario-based approach; foregrounded adaptive policy as a way to deal with 

uncertainties; used extended time horizons up to 2100, and specifically aimed to address 

climate change impacts. The Dutch government felt that this approach should be followed in 

other world deltas as well, notably the delta countries where international development 

relations existed (Government of the Netherlands, 2009) and made the chair of the Dutch 

Delta Committee available as a special advisor to the MDP process. Although it was not 

entirely clear among Vietnamese partners what was being meant by long-term delta planning, 

                                                      
46 See footnote 43. It has recently been endorsed broadly by international development partners as well as the 
Vietnamese government. It acts as the World Bank guiding framework for a major investment plan in the region 
(www.worldbank.org/en/news/press-release/2016/06/10/vietnam-building-climate-resilience-and-ensuring-
sustainable-livelihoods-of-farmers-in-the-mekong-delta, accessed August 2016). 
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a gradual exploration of how this approach could benefit Vietnamese policy planning, typified 

the planning process (Government of the Netherlands, 2009, Interview I47).  

With the bilateral cooperation between Vietnam and the Netherlands increasingly focusing 

on business development between the two countries, the MDP found opportunities in this 

direction by proposing an agribusiness development scenario 48  and by referring to 

concentrated flood protection and innovative forms of flood management. A frame of 

innovative water management is presented by suggesting to look at the Room for the River 

programme (Socialist Republic of Vietnam and the Kingdom of the Netherlands, 2013, pp.88-

89) which proposes multi-purpose river restoration in the Netherlands. The Room for the River 

programme consists of dozens of river widening, flood diversion channels and controlled 

flooding projects (Van Staveren et al., 2014). With concentrated protection urban centers such 

as Can Tho would be protected against high water, while controlled flooding contributes to 

lowering peak water levels and contribute to a sustainable agribusiness scenario 

simultaneously. 

The MDP makes a clear plea to preserve and at some places restore seasonal flood dynamics 

in the upper region of the Mekong delta by means of facilitated embankment overflow. It 

resonated the NEDECO plan in that it frames controlled flooding as beneficial to agricultural 

production schemes and the natural environment. The plan discourages triple rice croppings 

in the upper regions, which is a major shift in agricultural policy. Presenting more detailed 

analyses on the economics of agricultural production, Tong (2017) and K.V. Nguyen, et al. 

(2015) show that the net benefit of intensive triple rice farming with high embankments is 

lower than forms of agriculture which include the seasonal flooding of fields. Especially soil 

quality is deteriorating in flood-deprived lands: since there is little to no soil leaching by flood 

water, soil acidity builds up, and more fertilizers are needed to keep up with rice production 

targets. Controlled flooding contributes to sediment and nutrient load on the land submerged 

during flood season, but comes with the downside of losing the opportunity to grow three rice 

crops per year. Hence it is suggested to re-think the sustainability of intensive agricultural 

farming in the delta, and call for combined or diversified land uses for cost-effective, 

sustainable production (K. V. Nguyen et al., 2015; Tong, 2017).  

                                                      
47 Interview Senior Advisor World Bank, 7 April 2016, Ho Chi Minh City. 
48  Three other development scenarios were developed as well. The agribusiness scenario surfaced as the 
preferred development scenario by most of the stakeholders (Seijger et al., 2016). 
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Vietnamese farmers tend to see controlled seasonal flooding as beneficial for agricultural 

production as well as for enabling access to pre- and post-harvest resources such as fish and 

snails (Ehlert, 2012; Huu, 2011). At the same time, other farmers have called for increased 

flood protection (Interview II49). When the MDP’s flood restoration measures materialize at 

places where flood dynamics have purposefully been ruled out, discussions can be expected 

about how to shape new agricultural farming systems as past agricultural and infrastructural 

investments will be annulled. Some pilot projects using new agricultural farming systems 

based on seasonal flooding, for example floating rice, have been positively evaluated by 

farmers (Interview III 50 ). A stakeholder participation and feedback process has been 

undertaken (Seijger et al., 2016), but will need to be updated when concrete measures are 

proposed. While it has been noted that Vietnamese farmer households may adapt to changes 

in flood dynamics and farming systems, it will need a transformative process in order not to 

create social disparities among farmer communities (Tran & James, 2017). 

Regarding the natural environment, the MDP makes a clear connection with the delta’s central 

wetlands reserves such as the Tra Su forest in the Long Xuyen Quadrangle, and Tram Chim 

National Park in the Plain of Reeds, underscoring they require a substantial inflow of seasonal 

water (V. X. Nguyen & Wyatt, 2006; Socialist Republic of Vietnam and the Kingdom of the 

Netherlands, 2013, p.26, Interview III51). The status of Tram Chim National Park as a Ramsar52 

wetland site increases the need to address high risks of forest fires and to maintain 

biodiversity including numerous special bird species, by means of safeguarding seasonal 

flooding. Especially for NGOs, MDP’s ideas about controlled flooding framed as supporting 

wetland reserves and the broader delta environment supports their agenda (Interview III53). 

The framing that (controlled) flooding can also have agricultural and environmental benefits 

is contrasted by Vietnamese provincial policy planners who have understood controlled 

flooding primarily as a form of flood control. Resonating the MDDP and the NDDT 

recommendations, the MDP proposes a flood diversion channel in Long Xuyen Quadrangle, 

discharging a majority of the flood water towards the west via the indicated routing (see 

                                                      
49 Interview Department of Agriculture and Rural Development, An Giang province, 27 April 2016, Long Xuyen. 
50 Interview IUCN, 4 April 2016, Ho Chi Minh City. 
51 See footnote 51. 
52 www.ramsar.org, accessed August 2016. 
53 See footnote 51. 
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Figure 8). It is therefore regarded as a flood protection measure for downstream areas such 

as Can Tho, where the high water otherwise would have drained to (Interview II54).  

5.5 Discussion  
Our analysis shows that the reviewed long-term policy plans present different frames on 

flooding. Earlier plans recommended technical-engineering approaches to prevent flooding, 

while the later plans adopted more integrated planning ideas, emphasizing that socio-

institutional as well as environmental aspects of water management should receive more 

attention.  

We primarily associate these evolving frames in the policy plans with the respective 

international advisors’ recommendations about how water and in particular flood peaks 

should be managed: US and predominantly Dutch experts recommended approaches that 

were in line with their professional training and working expertise, acting as “terms of 

reference” in formulating their recommendations. 55  A steady inflow of evolving flood 

management discourse from the Netherlands to Vietnam, for example, has been enabled by 

the initiation of bilateral cooperation between both countries since the 1970s (Kleinen et al., 

2007). The transfer of contemporary discourse is clearly visible in the latest joint policy plan: 

recent policy developments in the Netherlands, ranging from using “integrated delta 

planning” as a policy approach in itself (Delta Committee, 2008) to proposing “greener” flood 

management innovations (Janssen et al., 2015), all figure prominently in the MDP (Socialist 

Republic of Vietnam and the Kingdom of the Netherlands, 2013, pp.10, 86-89). 

This instigates the question to which extent Vietnamese policy makers have readily accepted 

such discourse. It has been argued that Vietnamese policy makers are critical towards 

international policy recommendations, preferring their own perspectives and allowing foreign 

influence only on paper (Benedikter, 2013; Biggs, 2010). Parallel to the MDP process, for 

example, Vietnamese policy makers have been formulating their own policy plans that are 

                                                      
54 See footnote 50. 
55 The influence of Dutch water (and later, also other sectoral professional domains) experts in developing long-
term delta plans for the Mekong stands out. The origin of long-term delta planning, acting as the guiding 
framework to draft the Mekong Delta Plan, can be traced back to the first Delta Plan formulated in the 
Netherlands in the late 1950s. This plan (Van Veen, 1962) became an institutionalized approach to look at 
complex delta challenges in an integrated manner. In the 1970s long-term delta planning adopted 
methodological, analytical and decision-supporting policy tools originating in the US (Disco, 2002; Goeller et al., 
1977) to formulate policy recommendations. In the 2000s the most recent branch of Dutch delta planning 
emerged which was largely driven by potential climate change effects (Delta Committee, 2008) and presented 
as a promising vehicle to market Dutch water management abroad, including Vietnam (Government of the 
Netherlands, 2009). 
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heavily based on flood control (SIWRP, 2016). It therefore remains unclear whether observed 

changes in the policy plans are representative of evolving thinking about flooding among 

Vietnamese policy makers. 

We note that the NEDECO and MDP plans started to emphasize the environmental dimension 

of flood management, a development which has been referred to as an “ecological turn” in 

water management (Disco, 2002). The NEDECO plan, for example, recommends to conduct 

environmental impacts assessments to scrutinize proposed flood management interventions 

on their environmental consequences. With acknowledging the dependency of the delta’s last 

remaining wetland reserves on seasonal flooding, stronger calls were issued to develop more 

environmental-inclusive flood management approaches (V. X. Nguyen & Wyatt, 2006). In part 

this trend can be explained by the increasing number and diversity of actors involved in flood 

management, against the background of an emergence of environmental concerns in water 

management in general (Disco, 2002; Gleick, 2003; Marchand et al., 2014). This surfaces 

prominently in the MDP, where environmentally concerned actors such as IUCN, WWF and 

institutes such as An Giang University’s Research Center for Rural Development, advocate 

controlled flooding for its positive effects on the delta’s environment. By contrast, provincial 

policy makers and their associated technical research institutes primarily see controlled 

flooding in the upper regions as a hydraulic measure, intended to reduce high water impacts 

on the Mekong delta’s urban locations further downstream. 

It might be attractive to equate an increased interest in the environmental aspects of 

(controlled) flooding with the existence of a “living with floods” policy, often referred to as 

the official flood management approach in the Mekong since the 2000s, as it implies a policy 

environment conducive for controlled seasonal flooding. But a number of government policy 

decrees that advocate living with floods ideas, discuss the term only vaguely (see Danh & 

Mushtaq, 2011; Trung et al., 2013). Even more, contradictory interventions, ranging from 

community resettlement to river widening or even large-scale embankment construction, are 

presented as “suitable” under a living with floods header. Käkönen therefore considers the 

concept “misleading” (2008, p.201). An understanding of living with floods which could 

provide such an enabling environment, has been formulated by Miller (2003, p.295) as “…an 

expression which refers to the local, adaptive approach to floods in the delta, whereby efforts 

to minimize the negative effects of floods seek to not undermine their positive values.”  
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Relating these findings with the development trajectory of the Mekong delta, we make the 

following observations. Explicitly adopting long-term planning horizons (ranging from a few 

decades to a hundred years), as the analyzed plans do, has contributed to initiating debates 

about the sustainability of certain flood management approaches. Intensive rice production 

impacting soil quality, coupled with the absence of floods flushing fields, has been flagged as 

unsustainable in the long run. The NEDECO and MDP plans, which have the longest planning 

horizons, propose interventions that move away from or re-orient the existing trajectory. It 

can be questioned to which extent this is only a paper reality, for reasons argued above. But 

restoring controlled flooding at most only partly address sustainability issues. First, diverting 

nutrient and sediment rich flood water to designated areas means that other areas still remain 

unexposed to its environmental benefits. Secondly, pursuing controlled flooding assumes a 

seasonal volume of water that actually enables such flooding. But against the background of 

already complex upstream water and flood dynamics as stressed in Section 3, in 2016 it 

became clear that seasonal flooding may unexpectedly be entirely absent due to natural 

variations in rainfall, river discharges or water storage upstream. 56  Lastly, it would be 

unfeasible to expect that these changes to flood embankments materialize overnight, 

considering the rigidity of existing embankments, and farmers who might be unsupportive of 

controlled flooding ideas. Controlled seasonal flooding therefore has both advantages and 

weaknesses, and in its current form might only partly contribute to reorienting the Mekong’s 

development trajectory. 

5.6 Conclusion 
This article has adopted a social-ecological-technological systems perspective on the Mekong 

delta (Van Staveren & Van Tatenhove, 2016) to describe how after initial land reclamation in 

the early 20th century, a delta trajectory was “kicked-off” that aimed for intensive agricultural 

production enabled by large-scale flood control infrastructure. This trajectory has been 

intensified by gradual national investments in expanding embankment networks and 

agricultural intensification efforts from the 1970s onwards. Since then, several internationally 

supported, long-term policy plans were formulated on the scale of the Mekong delta, in which 

new water related interventions were proposed. This article has investigated how and why 

flooding and flood management (ranging from flood protection to preservation or restoration 

                                                      
56  http://english.vietnamnet.vn/fms/society/165261/with-no-floods--mekong-delta-farmers-suffer-losses.html, 
accessed October 2016. 
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of seasonal flooding) were framed in those plans, and reflects on how these (proposed) 

interventions (would) impact the Mekong’s delta development trajectory.  

We conclude that technical-engineering approaches to prevent flooding have been 

complemented by more recent suggestions to incorporate socio-institutional as well as 

environmental aspects of flood management in long-term policy planning in the Mekong. The 

earlier MDDP (1968) and NDDT (1974) plans pursued agricultural intensification, supported by 

flood protective infrastructure. Strengthening the existing development trajectory, these 

plans suggested large scale flood prevention to safeguard productive agricultural areas, and 

controlled flood diversion via economically less important locations. From the more recent 

plans, the NEDECO plan (1993) suggested improving water control in general, but starts 

making explicit reference to environmental considerations of flood management. Most 

recently, the MDP (2013) inquired long-term sustainable development for the Mekong, partly 

instigated by potential climate change impacts, and suggested an agribusiness development 

path supported by urban flood protection and controlled seasonal flooding in the upper 

regions of the delta.  

When zooming in on the various frames on controlled flooding as recommended in the MDP, 

we have encountered a number of diversified but related understandings of the concept. It 

has been framed as primarily a form of flood control (safeguarding urban areas downstream 

in the delta), as an innovative form of flood management supportive of sustainable 

agriculture, and as beneficial to the delta’s environment. While there has been some tension 

between these understandings, controlled flooding has acted as a conceptual ‘attractor’, 

enabling different actors to develop their own interpretation and rationale of support. But 

since these framings may represent different views of reality, this may result in practical 

barriers when conceptual policy choices need to be translated into the functional design of 

flood management infrastructure.  

We attribute the existence of various frames primarily to the increasing number of actors that 

has become involved in flood management in the Mekong. Environmentally concerned actors, 

including international donors, have flagged the negative long-term impacts of large scale 

engineering on the delta’s environment, and raised concerns about the sustainability of the 

delta’s subsequent development trajectory. They have been critical in stressing the need for 

water management concepts that are environmentally inclusive.  
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Especially the MDP, sketching a 100-year future development horizon for the Mekong delta, 

argues that the current development trajectory characterized by full flood prevention is an 

unsustainable one. Instead, it proposes a different perspective on flood management which 

supports not only flood protection for built-up areas, but also stresses the potential 

environmental contributions of controlled seasonal flooding. We feel no solid claims can be 

made about the extent to which controlled flooding will be fully able to keep ‘the engine 

running’, as metaphorically expressed in the opening lines of this article, or to fundamentally 

reorient the existing development trajectory. Controlled flooding in the upper regions may be 

capable of addressing a number of challenges associated with unsustainable system 

trajectories, such as improving agricultural soils and providing water to protected wetland 

reserves, but at the same time it has its challenges. On a final note, while there is a broad 

support base for controlled flooding, the interest in eco-floods in the Mekong however does 

not exclude alternative policy avenues being explored pointing in the opposite direction. 
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Chapter 6. Conclusions and discussion  

6.1 Introduction 
In this thesis I set out to explore controlled flooding initiatives in delta regions, driven by a 

limited understanding of how very similar initiatives can materialize in very different delta 

settings. In the introduction of this study the research questions were formulated as follows: 

Main research question (MRQ) 

How can the emergence of controlled flooding initiatives in different deltas be explained, and 

how do these initiatives affect the development trajectories of different deltas?  

Sub research questions 

I Which analytical framework of complex delta interaction can help to explain how 

deltas evolve over time? 

II Which socio-political, environmental and technological factors have been critical for 

the emergence of controlled flooding initiatives in different deltas? 

III What are the similarities and differences between controlled flooding initiatives in 

these three deltas? How can these similarities and differences be explained? 

IV How have ideas about controlled flooding been incorporated in long-term delta 

management plans for these three deltas? 

This chapter will summarize the findings to present answers to the main research question 

and four sub-research questions. Three case studies were conducted to shed light on the 

critical drivers underlying these contested policy plans or interventions: (1) the Noordwaard 

de-poldering project in the Netherlands (Chapter 3), (2) the emergence of Tidal River 

Management in Bangladesh (Chapter 4) and (3) plans for restored seasonal flooding in the 

Mekong delta (Chapter 5). Based on the collected case study information, the next section will 

answer RQ2, RQ3, RQ4 and the MRQ.  

The findings are then discussed in relation with academic literature on the topic that this study 

touches upon. A separate section will provide reflexive comments on the employed analytical 

framework (Chapter 2), which connects to answering RQ1. The chapter closes with a short 

outlook concerning potential development of future controlled flooding initiatives.  
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6.2 Synthesis of results: case study findings 
This section synthesizes the case study findings of three controlled flooding initiatives located 

in different deltas. Section 6.2.1 goes into the findings by case study, answering RQ2. Italics 

highlight the findings in terms of social, technical and environmental factors. Section 6.2.2 

presents a cross-case analysis, answering RQ3, and addresses key similarities and differences 

between the case findings. Section 6.2.3 consists of a discussion about how ideas about 

controlled flooding have been incorporated in long-term delta plans, in response to RQ4. The 

main research question is being discussed in 6.2.4, by relating the findings from the controlled 

flooding initiatives with discussions about how to align delta trajectories with more 

sustainable development paths.  

6.2.1 Case study findings 
 

Case 1#  Case #3  Case #2  
De-poldering the 
Noordwaard polder in the 
Dutch delta 

Controlled seasonal flooding 
in the Vietnamese Mekong 
delta 

Controlled flooding in 
beels/polders with TRM in 
the Bangladesh delta 

 

 

 

 

 

 

 

 

 

 

   

Recently completed 
controlled flooding project 
entitled “Noordwaard de-
poldering project” (2007-
2015) within the context of 
the Room for the River 
programme.  

Suggestions to restore 
controlled seasonal flooding 
in the upper regions of the 
Vietnamese part of the 
Mekong delta, as 
incorporated in a recently 
endorsed long-term policy 
plan. 

Tidal flooding in polders or 
“beels” in the coastal zone of 
the southwest delta in 
Bangladesh, by means of the 
Tidal River Management 
concept.  

 
Table 3. Case summaries. 

Main findings Dutch case study 
The Noordwaard case study showed how de-poldering took shape in the Dutch delta. Located 

at a junction of tidal influence and riverine water discharge, the Noordwaard polder was made 

liable to controlled flooding in October 2015, when the northern river embankments of the 
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Merwede

Amer (connected to Meuse)

The Noordwaard agricultural polder will be reconnected to the adjacent river, by means of lowering or removing dikes. 
Controlled flooding will occur in the flow–through area in times of high river water levels. Together with restoring tidal 
dynamics in the broader estuary, this restores dynamic land and water interactions around and in the Biesbosch wetlands.
Hybrid-engineered dike
Near the Steurgat Fortress, a willow forest will be laid out in front of a section of the dike. This reduces flood waves and 
compensates for required dike reinforcements.

De-poldering the Noordwaard
in the Dutch Delta
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moving
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The Mekong delta is the low-lying region of the Mekong river basin, where numerous rivers and canals release water into the 
sea. The delta is to a large extent located within Vietnamese territory. Flood water drains into the Gulf of Thailand (or West Sea) 
via a number of large canals, and into the South China Sea (or East Sea) via a number of distributaries. The Mekong's Sino-Viet-
namese name, Cuu Long, popularly translates as 'nine dragons', referring to the Mekong's nine historical branches conveying 
water towards the sea. A 'tenth dragon', however, could consist of sediment-laden flood water overflowing embankments during 
flood season. While in large parts of the delta this dynamic is prevented or reduced due to embankment construction, policy 
plans now propose to restore this form of controlled flooding in the upper regions.

Controlled seasonal flooding 
in the Vietnamese Mekong delta

Vietnam

Thailand

(OR EAST SEA)

(OR WEST 
SEA)

SOUTH CHINA SEA

GULF OF
THAILAND

HO CHI MINH CITY

CAN THO

Tien river

Hau river

In
fo

gr
ap

hi
c 

an
d 

te
xt

: M
ar

tij
n 

va
n 

St
av

er
en

 T
em

pl
at

e:
 L

oe
k 

W
ei

jts

Plain of 
Reeds

Plain of 
Reeds

Long Xuyen 
Quadrangle
Long Xuyen 
Quadrangle

Ca Mau
Peninsula

Ca Mau
Peninsula

Cambodia

N

Z

OW

0 60

Beel Khedaria

JESSORE

Mukteshwari river

Bhairab 
river

Hari river

Upper Bhadra river Beel Bhaina

TALA Bhadra river

Upper Solmari river

KHULNA

Bhairab 
river

In
fo

gr
ap

hi
c 

an
d 

te
xt

: M
ar

tij
n 

va
n 

St
av

er
en

 T
em

pl
at

e:
 L

oe
k 

W
ei

jts

Several beels/polders in the southwest delta of Bangladesh face water logging as well as silted rivers (1). This hampers effective 
drainage of water as well as agricultural production. Tidal River Management (TRM) involves the temporary (usually several 
years) removal of an embankment section adjacent to a beel or polder. During the years of tidal in- and outflow, the area is not 
suitable for agriculture but may be used for aquaculture. With twice-daily high tide, water and sediments scoured from the river 
bed flow into the beel concerned (2). Twice-daily water flows out again, thereby leaving part of the scoured out sediment inside 
the beel (3). Over the years, river profiles improve as well as the height of the land, which is then taken into cultivation again (4).

Controlled flooding in beels/polders 
with Tidal River Management in the 
Bangladesh delta
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Beels are bowl-shaped depressi-
ons in the landscape in the 
southwest delta of Bangladesh. 
They may be individually 
surrounded by low embank-
ments, located next to bigger 
river dykes, or within polders. 
They contain water during 
some periods of the year. 
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and beel Khedaria have 
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article text and are 
indicated here; other 
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shape and location.
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agricultural polder were lowered (www.ruimtevoorderivier.nl/project/ontpoldering-

noordwaard/, accessed June 2017).  

While some de-poldering happened unintentionally in this area due to storms (St Elisabeth’s 

flood in 1421, and submersion of the small polder “de Dood” in 1962), a de-poldering 

discourse was introduced in this area in the 1990s (Van Staveren et al., 2014). The Ministry of 

Agriculture, Nature and Fisheries (LNV) successfully proposed to de-polder 600 ha of 

agricultural land for the benefit of nature restoration and enlargement of the Biesbosch 

wetlands. This intervention acted as a stepping stone a few years later, when unexpected high 

water caused (near) flooding in the Dutch riverine areas in the mid-1990s, linking debates 

about flood risk with environmental considerations (Roth et al., 2006). The earlier de-poldering 

served as an argument for also de-poldering the larger Noordwaard polder (instead of other 

alternative areas): it was argued to concentrate de-poldering as much as possible, instead of 

flooding fragmented areas in the wider Biesbosch region (Schut et al., 2010). Such water flows 

were welcomed in the Biesbosch floodplains, since this also contributed to the 

(re)development of the wetland. 

It would be difficult to predict which future would have unfolded without readily available 

visionary plans such as Plan Stork (De Bruijn et al., 1986), that presented visual future outlooks 

based on widened floodplains and nature restoration along the Dutch rivers. The existence of 

Plan Stork offered water policy makers an immediate answer to high water (and a shocked 

society) that occurred in the mid-1990s (De Jonge & Van der Windt, 2007). It gave policy 

makers the opportunity to formulate a response that addressed environmental issues and 

flood risk concerns simultaneously (Roth et al., 2006). The subsequently formulated Room for 

the River programme presented a programmatic environment in which the de-poldering 

project was implemented. 

From a technical point of view, the case study showed that controlled flooding ideas would 

necessitate new scientific analyses. With hydrologic modelling it was identified which areas 

within the Noordwaard polder would be liable to which water depth and how often this would 

occur, where a distinction was made between low-lying sub-polders with a higher flood 

frequency, and higher polders with a lower flood frequency (Projectbureau Noordwaard, 

2010). It was also necessary to calculate the wave attenuating effect of a willow forest, which 

would make it justifiable to have a lower flood protective embankment in the northeastern 

part of the area, as there would have been without a forest (De Vries & Dekker, 2009). 
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Furthermore, it was calculated that the reduction in water levels upstream at centimeter 

scale. By doing so, the seemingly uncontrollability of restoring flooding in the area was met 

with a process of scientificalization, which means that developing detailed scientific 

information about water flows, sedimentation rates and structural designs were essential for 

policy makers to make a decision. This connects to earlier studies, arguing that Room for the 

River meant “room for the engineer” in both construction work and scientific investigations 

(Van Hemert, 1999).57 

The Dutch society is often characterized as being based on negotiations and broad consent – 

the word “polderen” as a verb has come to be indicative of elaborate discussions before a 

(preferably joint and widely agreed) decision is being made (Wiering & Immink, 2006). In the 

early 2000s, so at the time that the first series of Room for the River plans was presented 

which included removal of embankment and de-poldering, policy makers were confronted by 

fierce local protests supported by retired water experts. Some of these plans were thereby 

quickly dropped (Roth et al., 2006). A few years later, the second series of proposals for 

controlled flooding initiatives in other areas were designed differently, consisting of extensive 

discussions and exchange of ideas with local inhabitants including de Noordwaard (Schut et 

al., 2010). These lengthy discussions and issues about representation led to tensions between 

polder inhabitants and project managers, and in turn to protests (Pleijte et al., 2005). In the 

end, it required the Vice-Minister of the Ministry of VenW, the Ministry responsible for Public 

Works and Water Management, to decide that the Noordwaard would be de-poldered, 

making an end to pending decisions (Min VenW, 2006a). 

Main findings Bangladesh case study 
The Bangladesh case study explored the emergence of what has become conceptually labelled 

as “Tidal River Management.” It involves the temporary opening up of polder embankments, 

which can last up to seven years, by means of broad cuts in the embankment, in the southwest 

coastal zone of Bangladesh, which makes those areas liable to twice-daily tidal flooding. This 

scours the adjacent river beds and deposits large amounts of sediment on the opened-up 

lands. 

Against a background of a series of hydraulic interventions to a large extent based on a 

“closing-off” paradigm, low-lying areas in Bangladesh’s coastal zone started to be increasingly 

                                                      
57 The Room for the River programme in itself was supported by extensive scientific studies, for example the 
“blokkendoos” or “box of bricks” model that could calculate the interrelated hydraulic effects of de-poldering 
and other measures in the riverine area (Schut et al., 2010). 
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confronted with drainage problems in polders and silted up rivers (Nowreen et al., 2013). 

Regional NGOs increasingly challenged the engineered interventions that, according to them, 

had severely impacted the rural population in negative terms (S. Islam & Kibria, 2006). They 

did not only support local communities but also encouraged protests against large scale 

engineered works, culminating into, as formulated by central water authorities, an illegal 

embankment breach in September 1990 (A. Rahman, 1995). While soon the TRM concept was 

considered to bring about positive effects, it took more than 10 years before it was 

institutionalized in a large water management programme (Van Staveren, Warner, et al., 

2017). 

The case study showed that the intensity of environmental dynamics in Bangladesh has been 

very important to demonstrate on a relatively short term scale the negative impacts of large 

scale engineered works in sediment-rich areas. In polders and beels, water logging hampered 

agricultural production, and sediments deposited within constrained river beds, since the 

floodplains could no longer be reached (Awal, 2014). The effects of sediment deposition, 

which in Bangladesh could be up to decimeters per year, materialized must faster than in for 

example the Dutch delta. This contributed to a quick aggravation of environmental problems, 

awareness and community “action” to take risky measures such as re-flooding the polders. 

The Bangladesh case study showed therefore that controlled flooding is not only about water 

but also about sediment management (Uttaran, 2013). This calls for a much broader 

understanding of how flood embankments function: they can be designed for flood 

prevention (keeping out) but for sediment intake (bringing in).  

The technical system consists of polder embankments, sluice gates and other works that have 

increasingly been expanded in the region since the 1960s (Nowreen et al., 2013). The case 

study showed that consecutive projects have been physically built on top of, or rehabilitated 

earlier efforts. The Khulna-Jessore Drainage and Rehabilitation Project (BWDB, 2003) and 

lately the Coastal Embankment Improvement Project58 are exemplary of this. Rehabilitation is 

challenging because the dynamic muddy environment makes it difficult to stabilize river 

channels, embankments and smaller hydraulic works. Also, lack of maintenance often leaves 

hydraulic works in a deplorable state. The latest programmes (e.g. CEIP) have been formulated 

from the perspective to deal with potential climate change effects and cyclone disasters in 

                                                      
58 See www.worldbank.org/projects/P128276/coastal-embankment-improvement-projectphase- 
1ceip-1?lang=en; and for discussions www.scidev.net/south-asia/environment/news/bangladeshi-experts-
defendcoastal-dikes.html and www.newscientist.com/article/mg22229752.700-bangladeshs-sea-walls-may-
make-floods-worse.html#.VZvLCPmqpBd, all accessed January 2016. 
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Bangladesh’s coastal region. Two major cyclones (Sidr in 2007 and Aila in 2009) have 

reinforced the desire for flood protection among policy makers and funding institutes, now 

resulting in embankment strengthening efforts.59 Tidal River Management has been included 

as an element of a long-term policy plan targeting the southwest delta, but clearly within a 

context dominated by calls for flood prevention and climate change adaptation in the delta 

(Van Staveren, Warner, et al., 2017).  

The TRM case showed that in Bangladesh not only a physical, but also a social opening up 

materialized, represented by the increasing number of stakeholders in and enforcement of 

Tidal River Management (Van Staveren, Warner, et al., 2017). Social movements in Bangladesh 

are quite powerful and their sudden push for TRM was felt strongly among hydrocrats in the 

capital Dhaka (S. Islam & Kibria, 2006; Uttaran, 2011). While bottom-up initiative came with 

socio-political reasons among the side of the NGO community, calls for wider public 

participation were strong, pushing policy makers and researchers in Dhaka to take such voices 

seriously (Warner, 2010). At the same time this is no guarantee that stakeholder participation 

will be pursued in future flood management initiatives. 

Main findings Vietnam case study 
The Vietnamese case study focused on analyzing a number of long-term delta plans on their 

take on flooding in the Mekong delta. While the most recent plan clearly suggests restoring 

controlled seasonal flooding, it was found in the present study that earlier plans do make 

mention of such interventions but at the same time their flood policy is strongly based on 

ideas of flood prevention. This perspective is, however, liable to change, as extensive flooding 

contributed to new ideas along the policy lines of “Living with Floods,” and the intensive rice 

production system faces long-term sustainability issues. 

Environmental concerns have been central to proposing and supporting controlled flooding 

ideas. The intensive Vietnamese agricultural rice production system requires substantial 

artificial fertilizers, in order to compensate for reduced nutrient supply on widely embanked 

floodplains (K. V. Nguyen et al., 2015). Due to the absence of soil-flushing seasonal flooding, 

the acidity of the soil also becomes a problem (Tong, 2017). While large parts of the delta 

wetlands have been converted into agricultural area over the last decades, the absence of 

flooding also puts the last remaining wetland forests at risk: insufficient surface water impacts 

biodiversity and increases the likeliness of forest fires during summer season (V. X. Nguyen & 

                                                      
59 See footnote 58. 
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Wyatt, 2006). Higher embankments upstream lead to higher peak discharges in areas further 

downstream, such as the city of Can Tho. Using flood retention zones in the upper regions 

could reduce this (Triet et al., 2017). Another environmental driver, a major flood in 2000, has 

been instrumental in stimulating further high-dyke construction, but at the same time 

initiated a Living with Floods paradigm (Truong, 2000). 

The case study findings show that there are various framings of what restored controlled 

flooding entails. To highlight one example (see Chapter 5 for additional examples), for some 

policy makers it represents a technical, systemic water control measure, predominantly 

intended to divert flood peaks in order to safeguard downstream areas. Such a functionalist 

view on the effects of embankment lowering poses the risk that potential environmental 

benefits, which are multiple and diverse as outlined above, are superseded by water 

conveyance objectives alone. The technical dimension remains a challenge since flood 

dynamics are determined by complex water-related interactions in the upper Mekong basin. 

Upstream rainfall, the effect of water storage behind hydropower dams and the hydrologic 

connection with Ton Le Sap lake, seasonal peak flows and (sea level rise driven) tidal influences 

make it challenging to design the hydraulic infrastructure required to support the controlled 

intake of seasonal flood water (Hung et al., 2012; Tri, 2012). 

The case study demonstrated how flood management policies have gradually evolved over 

time, by analyzing a number a comparable long-term delta policy plans. While earlier plans 

suggested to allocate some areas for flood retention or flood diversion, in the most recent 

plans, policy makers emphasized the agricultural and environmental benefits of controlled 

seasonal flooding (Van Staveren, Van Tatenhove, & Warner, 2017). The plans were primarily 

formulated from a top-down perspective, related to the Vietnamese communist state form, 

and were heavily influenced by the recommendations provided by foreign water experts. 

Broader stakeholder participation processes, to provide input to such policy processes, have 

been conducted only to a little extent. It has now been proposed to experiment with or pilot 

controlled flooding, to test how the ideas are received. Finally, a Living with Floods policy 

discourse does not imply that this is also conducive for ideas about controlled flooding, since 

the policy has somewhat contradictory come with extensive embankment heightening 

(Käkönen, 2008). 
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6.2.2 Cross-case analysis 
The following sections reflect on and draw a number of conclusions based on the findings of 

the individual case studies. The findings are synthesized based on the three domains: social, 

environmental and/or technological factors, that have influenced the emergence of controlled 

flooding initiatives.  

Key similarities 
The investigated cases, all located in relatively flat, low-lying deltas, show that environmental 

dynamics were critical in stimulating ideas and attracting support for restored controlled 

flooding. These dynamics are in itself different for each delta (see next section) but its 

similarity lies at the level of how environmental dynamics “triggered” controlled flooding in 

practice or in relation to policy formulation processes. In the Netherlands, this was 

represented by (near) flooding, in Bangladesh by prolonged waterlogging and drainage 

problems, and in Vietnam via questioning the sustainability of intensive rice production and 

how upstream peak water discharge should be dealt with. While conceptual ideas regarding 

controlled flooding existed but did not materialize earlier (Kamal, 2006; Santbergen, 2015), 

the tangible manifestation (or intensification) of the aforementioned events or processes 

were instrumental in opening up discussions about new types of flood management 

interventions. This suggests that flood management paradigms and policy formulation 

processes are influenced by external pressures, formulated here as environmental dynamics. 

This is not to say that policy change does not happen incrementally, but to emphasize the 

direct influence of “real world problems” on opening up policy debates. In particular the 

intensity or speed of environmental dynamics, for example the peak amount of water that 

needs to be discharged through a delta’s rivers, or high sediment deposition rates in a delta’s 

coastal zone, contributes to problem aggravation and is critical in showing the downside of 

certain flood management approaches.  

From the technological perspective, all cases strongly display the “science and technology” 

dimension of controlled flooding initiatives. This is because water policy makers and planners 

emphasize the need for a certain level of scientific justification, in order to engage in 

meaningful policy discussions about or implementation of controlled flooding measures. 

While early plans or initiatives, such as the community-driven embankment cutting in 

Bangladesh, were based on more tacit knowledge or general expectations, the 

institutionalization of controlled flooding necessitated scientific study in terms of hydro-

morphology and embankment design. In the Netherlands, this was a challenge since flood 
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safety norms are incorporated in the law: before embankments could be lowered, it must be 

proven that the wave-attenuating effects of a compensating willow forest would be sufficient 

to deliver the same flood safety standard. Bangladesh’s policy makers were only willing to 

institutionalize Tidal River Management in formal water management programmes, when the 

effectiveness of the intervention was sufficiently supported by scientific studies. The same is 

also the case for the Mekong delta, where the exact routing and timing of restored seasonal 

flooding first need to be explored, and pilots are prepared to test the effects on agriculture. 

Besides the apparent need for scientific justification, also in materialistic terms the initiatives 

display a need for engineered control. Where, when and how much water flows in, is decided 

by detailed intake structures designs, although there are obvious differences between the 

type of hydraulic engineering works in the Netherlands and the Asian deltas. Furthermore, the 

cases show that the materiality of hydraulic engineering works makes overnight change in 

policy approaches difficult (although, in the case of Bangladesh, it was exactly night time 

embankment cuttings that restored flooding in the past [Adnan, 2006]). 

From a social system perspective, the investigated case studies show an increasing 

involvement of a wide(r) group of stakeholders in flood management. The growing influence 

of environmentalists and other professional actors in water management has been noted 

earlier (Disco, 2002; Pahl-Wostl, 2015). The investigated cases show that NGOs, local 

communities and international policy advisors (supporting flood management policy 

processes in the Asian deltas) had a strong influence in shaping the debate on controlled 

flooding. Spatial claims on lands, which is sparse in densely inhabited deltas and in use by 

farmers, fisher folk or shrimp producers, have sparked local contestation between proponents 

and antagonist of controlled flooding. This can be explained by water governance transitions: 

the central position of state hydrocracies and water experts is declining and other actors 

increasingly influence water management debates (Benedikter, 2013; Huitema & Meijerink, 

2009; Pahl-Wostl, 2015).  

At the same time, the centralistic policy processes of long-term delta planning have been 

instrumental in discussing controlled flooding at the highest policy making levels. The long-

term character of delta planning has made it possible to fundamentally question the long-

term sustainability of flood management approaches, and created a legitimacy to discuss 

unconventional approaches. This has resulted in visible incorporation of controlled flooding 

ideas in the long-term delta plans for the three deltas (Delta Committee, 2008; Socialist 

Republic of Vietnam and the Kingdom of the Netherlands, 2013; Van Staveren, Warner, et al., 
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2017). This does not imply that controlled flooding initiatives will be implemented, but that 

the topic is incorporated in strategic discussions about flood management policy and long-

term delta management. 

On a more general note, the controlled flooding cases presented in this thesis strongly 

connected to historic flood management practices: in the Netherlands, the link between 

controlled flooding and past flood retention or bypasses stands out (Warner, 2012), in 

Bangladesh, Tidal River Management bears resemblance to ancient overflow irrigation 

(Willcocks, 1930), and seasonal flooding in the Mekong delta during the pre-embankment 

period goes back for centuries (Ehlert, 2012). This resemblance has been revealed due to the 

historic perspective used in this study. Apparently, historic practices are inspirational and have 

value in addressing contemporary water management issues. 

Key differences 
In terms of environmental dynamics, the cases display differences. Although each case is 

located in similarly flat delta geographies, the magnitude and speed of change of water, 

erosion and sedimentation is different (see Table 1). This has resulted, for example in the case 

of Bangladesh, in much faster deposition of sediments, compared to the Dutch and 

Vietnamese settings. Extensive flooding in the Mekong (on a seasonal basis, and lasting for 

several months) takes place much more prominent than in the more “stable” Dutch delta. The 

manifestation of these environmental dynamics have contributed to the real world challenges, 

and urged action, to develop responses. 

Another key difference is that the hydraulic infrastructure networks are different. The Dutch 

delta is a densely engineered environment, with major estuarine closure works, meticulously 

calculated and designed river embankments and smaller water works. This hydraulic density, 

consisting of works but also the institutional outreach of water management institutes, is also 

profound in the Mekong (Benedikter, 2013) but compared to the Netherlands less-engineered 

in physical terms. In Bangladesh major engineering works are found, but also large areas lack 

the network required to manage water in a detailed and structural way. This means that the 

technological lock-in of the hydraulic infrastructure is stronger in the Netherlands, compared 

to the other deltas. 

The three cases differ in socio-institutional terms. Without trying to generalize too much, the 

Dutch society sees itself as more “consensus-based,” which means that negotiation and 

aiming for broad consent in hydraulic engineering projects is usually pursued (but not always 
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achieved) (Wiering & Immink, 2006). In Bangladesh the rural population is characterized by 

social movements and central hydraulic institutes that do not reach field level everywhere (S. 

Islam & Kibria, 2006). In Vietnam the communist party state lays out a relatively top-down, 

planned economy to which farmers need to align (Huu, 2011). These and other socio-

institutional differences have not been analyzed at nation or full delta scale; rather this study 

has looked at the way flood management policy debates took shape, concerning the topic of 

controlled flooding, during which these specific differences surfaced. It appears from the case 

studies that socio-institutional differences have impacted the way the policy process of 

developing, implementing or incorporating controlled flooding ideas in policy plans, was 

organized, comparable to the “policy styles” concept (Knill & Tosun, 2012).  

In each case, policy issue linkage was observed, meaning that initiatives did not only touch 

upon flood management policies but also related to other domains. In the Mekong, the 

connection with improving agricultural production was prominently made, which was far less 

emphasized in the Netherlands: nature restoration and environmental quality were 

considered more important than improving existing agricultural practices. In Bangladesh, 

there was a strong link with river siltation management, as the deposition of sediment caused 

problems with transport and navigation. This has resulted in differences in the way the policy 

debates took shape, and in which stakeholders participated.  

6.2.3 Controlled flooding in long-term delta planning 
This section discusses how ideas about controlled flooding have been incorporated in long-

term delta plans for the Netherlands, Bangladesh and Vietnamese Mekong delta, and thereby 

answers RQ4.  

Each of the case study chapters makes reference to how controlled flooding ideas are included 

in long-term delta planning initiatives in the respective deltas. In the Netherlands, primarily 

the Room for the River programme (2005 – 2015) has been instrumental in implementing 

ideas for controlled flooding along Dutch rivers. It is difficult to say how this interest will evolve 

after the completion of the Room for the River programme. For the Noordwaard region, 

studies reveal future plans for increased controlled flooding restoration in areas located in the 

southwest part of the estuary (Deltaprogramma, 2012, p.61) and on land near the urban area 

of Dordrecht (Kelder et al., 2013). In the southwest delta of the Netherlands, there are several 

ongoing controlled flooding projects in which the intake of sediment is an element but not 

pursued per se (www.waterdunen.com/ and www.perkpolder.nl/, accessed June 2017). 

Following the introduction of new flood safety norms (as of January 2017) as recommended 
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by the Dutch Delta Programme, the so-called High Water Protection Programme 

(www.hoogwaterbeschermingsprogramma.nl/-default.aspx, accessed June 2017) strengthens 

the flood prevention paradigm since hundreds of kilometers of embankment sections will 

need to be reinforced in order to comply with the new norms (Van Alphen, 2016). At the same 

time, this programme aims to develop innovative ways to deal with riverine or coastal 

flooding. In that sense it provides a programmatic environment in which environment-

inclusive forms of flood management (see for example Kothuis & Kok [2017]) could develop 

further. 

By means of a TRM Master Plan, the Bangladesh Delta Plan 2100 has taken up Tidal River 

Management in discussions about the future the Bangladesh’s southwest coastal zone, mainly 

from the perspective of polder rehabilitation or climate change adaptation (Van Staveren, 

Warner, et al., 2017). Local NGOs concern themselves about how to manage the delta’s rivers 

in the coastal zone in more adaptive ways and applaud the potential of Tidal River 

Management (Uttaran, 2013). Currently there is one active Tidal River Management initiative 

in beel Pakhimara, just south of the Khulna-Jessore-Tala triangle, see Figure 7, (Gain et al., 

2017). It has been noted that Tidal River Management is evolving conceptually due to social 

learning processes, which is of interest to adaptive delta management policies (Mutahara et 

al., 2017).  

In the Mekong delta, the Vietnamese government and large international finance institutions 

have adopted the Mekong Delta Plan as a framework for long-term investment in the delta, 

and negotiate how to implement the Plan’s recommendations 

(http://www.worldbank.org/en/news/press-release/2016/06/10/vietnam-building-climate-

resilience-and-ensuring-sustainable-livelihoods-of-farmers-in-the-mekong-delta, accessed 

June 2017). Small pilot projects have been proposed, but according to the scale of the 

recommended controlled seasonal flooding, it could affect a much larger area (Van Staveren, 

Van Tatenhove, et al., 2017).  

What can be deducted from these findings is that conceptually, controlled flooding has found 

its way into long-term policy plans for the respective deltas. This has been driven by a mix of 

factors. Environmental dynamics have demonstrated some of the downsides of large-scale 

engineering, ecosystem-based approaches to flood management receive increased attention, 

and long-term policy processes have acted as a way to “open up” policy debates about long-

term delta sustainability and an associated flood management strategy. At the same time, 
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suggestions to restore controlled flooding are only minor elements in a context characterized 

by a dominant flood prevention paradigm. This makes it unclear whether controlled flooding 

will indeed be implemented. Controlled flooding initiatives are sometimes met by local 

protests, which presents a constraining factor for implementation (Warner, 2008a). On the 

other hand, it has been demonstrated that local action can stimulate controlled flooding, 

despite formal policy plans being absent (Van Staveren, Warner, et al., 2017).  

Adaptive delta management has been a leading principle in recent long-term delta planning 

efforts in the Netherlands (Marchand & Ludwig, 2014). It has been employed to assist long-

term policy planners to develop the delta plans in Bangladesh and Vietnam. Adaptive delta 

management centers on adaptation and flexibility regarding future flood management 

challenges, which can be predicted in part but which also comes with uncertainties (Marchand 

& Ludwig, 2014). It suggests a conceptual way of thinking in terms of pathways (Haasnoot, 

2013). For such a policy environment, controlled flooding (embedded in a wider flood 

prevention strategy) might be a way to “build in” such adaptive capacities and realign 

unsustainable pathways. Its potential contribution in relation to long-term, adaptive delta 

management will be discussed in the next section. 

6.2.4 Controlled flooding and long-term delta trajectory realignment 
This section positions controlled flooding in relation to the development trajectories of the 

Dutch, Bangladesh and Vietnamese Mekong deltas. It discusses how controlled flooding could 

contribute to the realignment of unsustainable development trajectories, by addressing both 

institutional and environmental change or stability. In doing so it answers the MRQ, which was 

formulated as “How can the emergence of controlled flooding initiatives in different deltas be 

explained, and how do these initiatives affect the development trajectories of different 

deltas?” 

Explaining the emergence of controlled flooding 
This study has found that environmental dynamics have been critical to emphasize the 

potential of restoring controlled flooding, but that social and technological factors have been 

important factors (in both enabling and constraining ways) for controlled flooding initiatives 

to take shape. The previous sections on case study findings and a comparison in terms of 

similarities and differences, have provided a more elaborate explanation of this.  
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Long-term trajectory realignment 
To answer the second element of the MRQ, this section distilled a single, composite delta 

trajectory, which is more or less representative of, and based on, the trajectories of each of 

the delta central in this study. Instead of describing the trajectories for each of the deltas 

separately (see Chapters 2, 4 and 5 for this), the value of formulating a composite trajectory 

is that it provides a single response to the MRQ, and that this necessitates engagement with 

the synthesized case study findings based on Section 6.2.  

For several decades, if not centuries, expanding hydraulic engineering networks and related 

water management institutions turned the deltas under review into highly engineered and 

managed environments: a delta trajectory that is based on large-scale flood control. Hydraulic 

institutes undertook successive cycles of embankment reinforcement to protect increasingly 

valuable and densely populated areas behind the embankments. This has resulted in 

technological lock-in and path dependency, in a physical and institutional way (Lach, Ingram, 

et al., 2005; Van Buuren et al., 2016). Even though long-term trends expose the water-related 

vulnerability of living in low-lying delta lands, lock-in and path dependency explain the 

difficulty to fundamentally change these engineered delta systems. Delta systems heading 

towards unsustainable system states may be realigned with more sustainable development 

paths, or reoriented towards more sustainable system states. 

As mentioned in Section 1.3.1, different yardsticks, such as the effectiveness of current flood 

management policy extended over longer timescales, the question whether a certain flood 

management infrastructure network can handle future climate change effects, or the 

increasing difference between land height and sea level, can be employed to identify or 

theorize such forms of unsustainability. Realignment of delta trajectories means that a certain 

(inherited) development path is reoriented towards more sustainable conditions, and in this 

case the contribution of controlled flooding to such a reorientation is of specific interest. A 

sustainable system state is not static or an end goal to reach; working towards sustainability 

is in itself an evolutionary process (Rammel et al., 2007). 

The rigidity of hydraulic engineering works and widely dominant paradigm of flood protection 

in deltas, means that the materialization of restored managed flooding requires gradual 

modifications to existing embankments, and conceptual turnover time. The next paragraph 

will adopt an infrastructural perspective, and a socio-institutional perspective, respectively, to 

discuss how controlled flooding, in its current form, affects the composite delta trajectory.  
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From an infrastructural perspective, controlled flooding affects the delta trajectory by 

providing physical “room to maneuver” for water and tidal dynamics in delta rivers and coasts. 

The setback, modification or lowering of embankments provides the physical space to 

redistribute flood water over widened and reconnected floodplains. From the perspective of 

dealing with future flood risks resulting from climate change (which is argued to come with 

higher peak discharges) this is a contributive effect, but it remains to be seen whether this 

sufficiently addresses this challenge. The environmental effects of restored flooding are 

strongly related to the location and the infrastructural design of controlled flooding initiatives. 

Taking the unsustainability of an ever-growing difference between land height and sea level 

as a point of departure (Gerrits & Marks, 2008), controlled flooding could partially address this 

point by purposefully capturing the sediment that results from restored (tidal) flood dynamics 

on delta lands, and raising the height of the land. The thesis shows, however, that there are 

different views of controlled flooding-induced sedimentation, ranging from unwanted in the 

Dutch case (Van Staveren et al., 2014) to beneficial in Bangladesh (Van Staveren, Warner, et 

al., 2017). At the same time Auerbach et al. (2015) rightfully note that Tidal River Management 

takes place on less than 1% of the surface area of the southwest delta of Bangladesh. De-

poldering in the Netherlands amounts to a similar percentage, while only in the Mekong a 

larger surface area will become affected. Altogether, the contribution of controlled flooding, 

in its current form, to address the particular point of land heightening is therefore limited.  

From a socio-institutional perspective, controlled flooding represents a relatively minor 

change in flood management policy, because it is embedded in a context dominated by flood 

prevention. It therefore represents a niche-development or niche-innovation, which means 

that it is a local and often radical intervention, that can be considered a (new) element in a 

broader policy landscape (Geels & Schot, 2007). Its influence on realigning a delta trajectory 

is therefore limited, with only a regionally distinct effect in most cases. At the same time, 

small-scale water innovations have the capacity to open up new development trajectories 

(Enfors, 2013). If controlled flooding projects successfully address the problems that 

stimulated their implementation in the first place, they might reach higher-level policy 

debates at landscape level, and serve as exemplars for other areas dealing with similar 

challenges. The contribution to reorienting a trajectory of full flood prevention, deemed 

unsustainable, lies in its potential to provide alternatives for (or additions to) rigid approaches, 

as well as its suitability with adaptive delta management policies.  
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6.3 Discussion 
This section presents a general discussion, positioning the findings of this study in relation to 

the literature. It reflects on the use of the conceptual framework (in connection with RQ1), 

the academic contribution of the thesis, and future outlook regarding the controlled flooding 

topic. 

6.3.1 Engagement with the literature 
This thesis adds to three bodies of academic scholarship. The first body of literature centers 

on flood risk management. The study relates to observations about paradigmatic changes in 

flood risk management. The second body of literature can be classified as “delta research.” To 

this, the study adds new empirical material on a specific topic, which is relevant for also other 

than the investigated deltas. Finally, the study adds with management ideas to a third body of 

literature, that focusses on the analysis and management of complex adaptive systems.  

This thesis primarily contributes to on-going scientific debates about flood risk management. 

Since flood management in deltas is and will be a huge future challenge (Hallegatte et al., 

2013; Tessler et al., 2015), the present research suggests that adaptive and flexible flood 

management responses, both in policy and in material terms, are more capable of addressing 

this challenge than conventional flood protection measures (Borsje et al., 2011; Kothuis & Kok, 

2017; Schanze, 2012). Such proposals are intertwined with calls for change in flood 

management paradigms. There is a broad consensus that shifts from full flood protection to 

flood risk management strategies have occurred in policy circles (Pahl-Wostl et al., 2011; 

Waylen, Holstead, Colley, & Hopkins, 2017). Flood risk management interventions can consist 

of flood prevention infrastructure, but also incorporate spatial planning measures and other 

ways to reduce flood risks. At the same time, it has been argued that this shift happened only 

“partially”: change on institutional and governance level does not necessarily result in 

fundamental change at the level of project design or implementation (Thomas & Knüppe, 

2016; Wesselink et al., 2015; Wiering & Arts, 2006).  

The chapters in this thesis contribute to this debate in a number of ways. Controlled flooding 

in itself is regarded as a proxy of a flood risk management paradigm shift. By means of the 

pendulum swing metaphor, change in flood management policies is most explicitly 

demonstrated in the Bangladesh case study. But also the cases in the Netherlands and 

Vietnam confirm a partial shift, as controlled flooding initiatives represent a different or even 

radical approach towards flooding, positioned in a context characterized by a dominant flood 

prevention approach. The dominance of flood prevention thinking can be justified, 
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considering that extensive flooding in densely populated deltas leads to socio-economic 

catastrophes. This triggers a fundamental “baseline” of flood control to provide flood 

protection in deltas (Tessler et al., 2015). This features most prominently in the case of the 

Dutch and Vietnamese Mekong deltas, where controlled flooding is intended to re-route peak 

water flows, but also Tidal River Management in Bangladesh, as it contributes to reducing 

regional flood risks by reshaping silted-up river beds. Controlled flooding is therefore not 

representative of a full paradigm shift, but instead found to be an element of an overall 

“systemic” flood risk management strategy. 

Paradigm shifts in flood risk management are partly constituted by an interest in “greener” or 

ecosystem-based forms flood management (see section 1.2.3 and in particular Pahl-Wostl et 

al., [2011] and Wesselink et al., [2016]). Ecosystem-based approaches have been argued to 

present alternative options to gray or hard infrastructure, and even can go hand in hand with 

flood prevention strategies (Borsje et al., 2011). In the literature, the incorporation of this 

ecosystem-based rationale with existing engineering works can be seen as an eco-

technological add-on (Geels & Schot, 2007; Van Staveren & Van Tatenhove, 2016) or hybrid 

forms of infrastructure (Borsje et al., 2011). This combination of hydraulic engineering with 

ecosystemic considerations is often presented as a way to deal with future water and flood 

management challenges (Renaud, Sudmeier-Rieux, et al., 2013; Van Loon-Steensma et al., 

2014; Van Wesenbeeck et al., 2014). At the same time, however, a growing interest in large 

scale hydraulic engineering has been noted recently, seemingly unswayed by the ecological 

turn which suggests a “swing back” towards full flood control (Crow-Miller, Webber, & Molle, 

2017; Disco, 2002). 

The study highlighted that controlled flooding clearly rides this wave. Each conducted case 

study notes how ecosystems dynamics were an element in controlled flooding initiatives: in 

the case of Bangladesh, for example, tidal dynamics of TRM make rivers navigable again by 

redistributing the sediment from the river beds to the beels. At the same time such ecosystem-

based rationales are not always explicitly mentioned or equally supported by all actors 

involved. It can therefore be argued that there are different gradations when it comes to 

defining the way controlled flooding initiatives purposefully incorporate environmental 

dynamics (see Appendix A) Controlled flooding thereby represents a partial paradigm shift in 

that it offers a different perspective on flood and ecosystem dynamics, and that it suggests a 

way to reconcile flood control objectives with objectives to improve ecosystem dynamics. 
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The above has raised the question to which extent controlled flooding signifies a more 

structural change in thinking about flooding in deltas, besides its earlier characterization as a 

niche-development. Relating back to Figure 2 is helpful here, since this figure discusses the 

point that moderately controlled flooding can be beneficial. Although it is a radical measure 

to bring back flooding instead of fully preventing it, the cases have suggested that restoring 

moderate flooding, even taking place in densely populated deltas, is possible as long as there 

is a certain level of control in scientific as well as engineering terms. This does not differ much 

from conventional paradigms of flood control. The investigated controlled flooding initiatives 

have not really been put to the test yet. Future flood dynamics in the designated areas will 

show whether controlled flooding addresses the concerns for which the interventions were 

done in the first place. When this is the case, it can be assessed whether the intervention can 

generate continued support from various stakeholders involved (flood managers, spatial 

planners, environmentally concerned actors, inhabitants of the region concerned). 

To the literature on flood risk management, this study adds an argument for a more strategic 

perspective on flooding. Despite attention to integrated perspectives on flood management, 

which advocate the environmental benefits of flooding (APFM, 2009), most flood risk 

management literature mostly understands flooding in a rather one-dimensional way: as a 

threat, or as an environmental “disservice.” But recent literature has argued that flooding also 

comes with environmental benefits (Ehlert, 2012; Nikula, 2008). Besides emphasizing the 

direct hydraulic capacities of controlled flooding, controlled moderate flooding could also 

contribute to the agricultural production system, or to a resilient delta system or nature 

development in deltas in general. Taken a step further, a more strategic perspective on 

controlled flooding and intentional sediment intake informs discussions about increasing land 

height and long-term delta survival (De Mesel, Ysebaert, & Tangelder, 2013; Van Staveren et 

al., 2014). 

This thesis adds to the domain of delta-oriented research. Literature on flood management 

paradigm shifts and delta-oriented research literature partly overlap since flood risk 

management in deltas is a key challenge. Academic interests in delta geographies goes way 

back (UNESCO, 1966), but especially during the last 10 years has received a more “delta-

focused” attention. Deltas have been interesting objects for multidisciplinary research 

(Collins, 2015).60 In part due to a simplistic assumption that all deltas are similar (Zegwaard, 

                                                      
60 See http://arkreview.org/, the first academic Journal of Delta Studies (since 1998). Accessed June 2017. 
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2016), comparative delta research with a focus on flood risk management has stood out in 

many research endeavors (Bucx et al., 2014; IWR, 2011; Van der Most et al., 2009). Such 

research found similarities as well as differences between deltas, but this often remains at an 

abstract delta or nation scale. The particular value of this thesis is that it compares in a detailed 

way a similar topical case, controlled flooding, embedded in different delta settings. It shows 

that learning and insights are not only one-way, but that insights from, for example, 

Bangladesh can be useful for the Netherlands as well (see Section 6.3.4). 

Third, this thesis builds on and contributes to the literature on the management of complex, 

adaptive systems. This literature is primarily concerned with how stability and change occurs 

in human-environment systems, characterized by complex interaction between different 

variables. The contribution here is twofold. As a first contribution, the study confirms that 

human-environment interactions are highly dynamic, with a mutually reciprocal relations that 

are difficult to disentangle (Gerrits, 2008). Forces of stability and change can come from 

various “directions” and come with unexpected developments and uncertainty (Frantzeskaki 

et al., 2016). In particular, the thesis aligns with observations that the physical system heavily, 

and sometimes more than explicitly acknowledged, influences policy processes. Gerrits (2008, 

p.204) argues that “…the physical system and the societal environment govern the policy 

action system rather than the other way around. This challenges the idea that administrators 

and engineers are decisive in determining the course of the physical system through the 

attractor basin, i.e. that they are able to fully control the environment they are working in.” 

The intensity of environmental processes, such as flood events or extreme river siltation as 

identified in the individual case study chapters, exposes the vulnerability of delta inhabitants 

to living on flood-prone land. As a second contribution, on multiple occasions the thesis has 

noted path dependency and institutional lock-in mechanisms encountered in water 

management in complex delta systems. But simultaneously, it discusses how controlled 

flooding could address this inertia in institutional and physical terms. 

6.3.2 Reflection on the conceptual framework 
In this thesis a social-ecological-technological conceptualization of delta systems has been 

developed to analyze co-evolutionary development paths, or delta trajectories, of several 

deltas (Renaud, Syvitski, et al., 2013; Van Staveren & Van Tatenhove, 2016). Developing this 

framework is the primary answer to RQ1. This section presents some reflections on the use of 

the framework.  
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A first remark concerning the use of this framework is about systemic abstraction versus 

systemic specificity. The adopted approach has emphasized interaction between different 

(relatively open and interconnected) systems (Alessa et al., 2009; Dammers et al., 2013). As a 

consequence, “internal” dynamics within individual systems have received less attention. 

Academic disciplines such as policy analysis explore in a much more detailed way how the 

policy process takes shape, primarily as a social process, influenced by internal and exterior 

drivers. Various theoretical models and frameworks exist, which can be employed to analyze 

the dynamics of policy formulation (Thissen & Walker, 2013). These kinds of analyses go into 

the details of, for example, changes in policy discourses and the formation of discourse 

coalitions, dealing with uncertainties regarding policy formulation, and multi-actor policy 

processes (Hermans & Thissen, 2009). These theories are well capable of explaining how 

formal policy change occurs, but in turn, are less specific about how environmental dynamics 

and technological factors shape policy stability and change directly.  

What the use of the framework, and the case study analysis, has highlighted in this regard is 

that institutional change in the flood management domain can come from various directions. 

From an institutional perspective, radical change in flood management can be enforced from 

both top-down as well as bottom-up directions. Whereas it has been possible to identify that, 

in the case of the Netherlands, there are individual actors that have made a case for controlled 

flooding and river widening (De Bruijn et al., 1986; Saeijs, 2008), the investigated controlled 

flooding cases mainly showed that it is typically a broad network of actors, ranging from flood 

managers to spatial planners, environmentally concerned actors and local residents, that have 

collectively shaped controlled flooding initiatives. This relates to observations that policy and 

decision making in flood management has in general become much more complex, with a 

variety of new stakeholders having (or claiming) a position in the debate. Controlled flooding 

thereby served as a way to bring together different stakeholders with interests and ideas that 

aligned to each other, although at the same time there were also negatively affected actors 

and conflicts about the measure.  

The added value of the employed framework lies in emphasizing technological systems 

dynamics, in relation to environmental dynamics and social processes. While the relevance of, 

for example, technological aspects in relation with societal dynamics has been noted much 

earlier (Larkin, 2013; Pinch & Bijker, 1984; Woolgar, 1991), the used framework reinforces 

calls for awareness about how (past) technological choices shape social-ecological dynamics. 

This constitutes a continued interest in studying (large-scale) water management 
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infrastructure (Carse, 2012; Crow-Miller et al., 2017) but also the ways in which flood 

management concepts and technologies are exchanged on a global scale (Bergsma, 2017; 

Conca, 2005; Stoutjesdijk, 1982). The case study findings show that this perspective has in 

particular highlighted technological factors exerting influence on how delta systems evolve; 

insights that would probably have gone unnoticed when adopting, for example, social-

ecological systems perspectives alone. 

The delta trajectory concept has been introduced to describe how delta systems evolve over 

time. Informed by related concepts of “adaptive policy pathways” (Haasnoot, 2013) and “river 

basin trajectories” (Molle, 2003; Molle & Wester, 2009), the concept is concerned with how 

deltas develop towards the future. But because of its historic perspective, to a large extent 

instigated by the contemporary effects of hydraulic engineering interventions constructed 

decades ago, it has a much wider temporal scope: the delta trajectory concept enables an 

analysis that is rooted in history and acknowledges that past interventions have a long-lasting 

impact on how delta futures unfold. Flooding, or the absence of flooding, enabled or 

constrained by hydraulic engineering works, have been allocated a central role in this. 

Furthermore, compared to the approaches mentioned above, the delta trajectory approach 

foregrounds long-term flood safety in deltas in combination with environmental sustainability.  

6.3.3 Contribution of the research 
This section discusses the general contribution of this thesis to academic scholarship. 

First, this thesis builds on and adds to literature on flood risk management and delta systems 

analysis. The case study findings are related to debates about changing paradigms about flood 

risk management. They show that flood risk management has changed, to an extent 

influenced by new conceptual approaches that have a different take on environmental delta 

dynamics. Increased attention is being paid to ecosystems dynamics and ecosystem-based 

flood management concepts, but such approaches are not automatically translated into 

practice and take shape within a context dominated by large scale engineered flood control 

(Crow-Miller et al., 2017; Wesselink et al., 2015). Such investigations remain relevant, 

especially because it has recently been noted that an interest in large scale water 

infrastructure has taken shape (Crow-Miller et al., 2017). Chapter 2 has developed and used 

the concept of delta trajectories, which is based on a systemic understanding of deltas as 

interacting social-ecological-technological systems. 
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Second, by means of detailed investigations of controlled flooding initiatives, the study brings 

together detailed empirical material from three different delta settings. Part of such material 

has not earlier been analyzed with the objective of the individual chapter in mind (Chapter 5). 

Chapter 3 concerns a contemporary case that has so far received little attention from 

academic scholars (Schut et al., 2010). Chapter 4 brings together a number of rather 

fragmented studies on Tidal River Management, against a background of not easily accessible 

but relevant historic material.  

Finally, the study in itself is a contribution to comparative research. Comparing insights from 

different cases has yielded insights in case-specific circumstances, but also made it possible to 

formulate a number of more generalizable findings. For example, the observation that 

(different) environmental dynamics importantly influenced the emergence of controlled 

flooding initiatives, stands out. But also that controlled flooding initiatives are likely to lead to 

local contestation, due to spatial claims on lands that area already fully occupied. The 

comparative approach has also illustrated that lessons learned in one delta can be useful for 

other deltas. 

6.3.4 Future outlook: towards strategic controlled flooding in deltas? 
This thesis has explored contemporary controlled flooding initiatives, and has positioned them 

in relation to long-term delta developments and policy formulation processes. While long-

term policies have incorporated ideas about controlled flooding, it is difficult to predict 

whether this would indeed materialize into new controlled flooding projects, as anything 

related to future developments comes with uncertainties. However, as controlled flooding in 

de-poldered areas has been said to be the logical consequence of impoldering (Santbergen, 

2015), it can be argued that in many impoldered parts of the world, restored controlled 

flooding will materialize in the future. The global distribution of controlled flooding initiatives, 

as shown in the introduction, so far support this expectation. 

The case studies but also other studies (Warner, 2008a) have shown that restored controlled 

flooding projects can cause (local) contestation and fierce conflicts between antagonist and 

proponents. It is therefore relevant to involve local inhabitants of the region concerned, in 

such drastic measures. In densely populated delta areas space is scarce, and land targeted for 

controlled flooding often in use by farmers, fisher folk or shrimp producers. The case studies 

showed that contestation over projects is likely to be expected, since it radically impacts 

existing livelihoods and agricultural production systems. 
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The concept is promising in the sense that it reconciles ecosystem-based perspectives on 

water management in deltas with institutionalized flood control approaches. Similarly, it 

allows for a certain degree of infrastructural flexibility because of the physical modifications 

to embankments, which is also advocated via calls for flexible, multifunctional flood 

management infrastructure (Kothuis & Kok, 2017). In this sense controlled flooding suits 

adaptive policies for flood management in deltas, since it brings in conceptual and physical 

“room to manoeuver” for future flood peaks. 

The development of controlled flooding is on-going. Findings from Bangladesh, for example, 

indicate that the intake of sediment intake has not been pursued from the start of Tidal River 

Management, but that it became a specific objective in later TRM projects once its usefulness 

came to be acknowledged (Mutahara et al., 2017). This resembles perspectives on capturing 

sediment in delta polders for heightening land (De Mesel et al., 2013; Stroeken & Van Winden, 

2009) but which go much slower in the Netherlands compared to Bangladesh. Such a strategic 

view on using currents and erosion processes to contribute to long-term flood risk 

management has materialized in the field of coastal engineering (Borsje et al., 2011), but a 

strategic perspective on controlled flooding and associated sedimentation intake has not yet 

been in evidence. A strategic perspective in this sense means that flood management 

promotes or takes advantage of environmental opportunities (Sayers et al., 2015). 

This thesis has investigated how the absence and presence of flooding impacts delta 

development trajectories. If deltas without flooding are not deltas at all (N. Islam, 1990; 

Steenhuis, 2007), many flood-deprived deltas face a severe “identity crisis.” Subsequently, the 

way to give deltas their identity back is by reconsidering the long-term flood dynamics and 

sedimentation processes, that gave shape to those deltas in the first place. 
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Summary 
This thesis investigates contested initiatives to restore controlled flooding in the deltas of the 

Dutch, Bangladesh and Vietnamese (Mekong) deltas. Restoring controlled flooding is a 

seemingly contradictory measure in densely populated delta areas, where approaches based 

on full flood prevention has been typically dominant for decades. This has instigated the 

question how the emergence of restored controlled flooding initiatives can be explained. 

Related, this study reflects on how controlled flooding could contribute to long-term flood risk 

management and sustainable development in deltas, which are simultaneously attractive and 

vulnerable places for humans to live in. In order to answer this question, a case study approach 

has been used to investigate social, environmental and technological factors that have shaped 

controlled flooding initiatives. Cases have been identified that materialized under different 

conditions: from very dynamic delta environments to relatively stable ones, and from 

interventions driven by “top-down” policies to “bottom-up” action to modify or remove 

embankments. This thesis has an article-based structure, which means that individual 

chapters (2-5) have been designed for publication with peer reviewed academic journals. 

Chapter 1 provides the general background information, problem definition, and objectives. 

Chapter 6 ties together the findings of the individual case study chapters and presents the 

conclusions. 

Chapter 2 conceptualizes deltas as interacting social-ecological-technological systems. It 

argues that a better understanding of how hydraulic infrastructure influences social processes 

and environmental dynamics in deltas is critical to understand how deltas evolve over time. 

By means of the delta trajectories concept, the chapter presents a way to understand this 

interaction. It also presents a way to understand the sustainability of a delta trajectory, and 

discusses how new flood management concepts might contribute to “realigning” the 

development trajectory towards more sustainable system states.  

In Chapter 3, the first controlled flooding case is investigated. The Noordwaard is an 

agricultural polder, located at the junction of tides and riverine discharge in the Netherlands. 

As part of the Room for the River programme, the northern embankments were lowered 

which enables the inflow of water during high water levels in the river Merwede. This reduces 

peak water levels in the river, supports the adjacent freshwater Biesbosch wetland by means 

of restored water dynamics, but also affects the possibilities for agricultural production. The 

chapter highlights that a strong coupling can be observed between the domains of water 
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safety and nature development objectives, and that a top-down decision concluded a long 

stakeholder negotiation processes. From the perspective of “subsiding polder lands,” 

controlled flooding is not regarded for its strategic importance, as excessive sedimentation 

would hamper the intended design discharge of the area. 

Chapter 4 explores the Tidal River Management concept. In the coastal zone of Bangladesh, 

community-enforced embankment breaches have opened up some of the polders or low-lying 

areas called “beels,” and exposed them to tidal influence again. Besides stimulating 

agricultural production and providing safer places to live in, the extensive network of polder 

embankments also caused increased sedimentation in the region’s rivers, and water logging 

in enclosed areas due to insufficient drainage possibilities. The chapter highlights that policy 

debates in Bangladesh have revolved around adopting “open” or “closed” approaches, where 

TRM represents a hybrid form. The case showed that TRM involves water management and 

sediment management, and that it represented a “social opening up” for local communities 

and NGOs to get involved with water projects and embankment removal.  

Plans to restore seasonal flooding in the Mekong delta are center stage in Chapter 5. The 

Mekong delta system is very dynamic and dealing with the delta’s water resources, in 

connection with intensive rice production, have been heavily debated by Vietnamese and 

international policy makers. This chapter investigates a number of older and more recent long-

term development plans for the Mekong delta. This analysis highlights how ideas about 

controlled flooding and flood control have gradually evolved over time. The most recent delta 

management plan suggests to restore seasonal flooding in some parts of the delta, as a way 

to safeguard downstream urban areas from peak flows, and as a way to improve the 

conditions for agricultural production. 

Chapter 6 summarizes the findings of the case study chapters one by one, and concisely 

answers the research questions. It highlights key similarities and differences when it comes to 

social, environmental and technological dimensions, and discusses these findings with the 

literature on flood risk management policy, complex adaptive systems research, and delta 

studies. The findings demonstrate that environmental dynamics have been critical to 

emphasize the potential of restoring controlled flooding, but that social and technological 

factors have been important enablers or constrainers for controlled flooding initiatives to take 

shape. In itself, controlled flooding reconciles ecosystem-based ideas about flood 

management with more mainstream policies based on flood control. For this reason 
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controlled flooding can be seen as a “niche-development” with limited influence on how flood 

management policies, and environmental delta systems, evolve. At the same time, controlled 

flooding has been acknowledged for its strategic opportunities, for example when it comes to 

diverting peak water discharges, land heightening by means of capturing suspended sediment, 

and by providing nutrient for agricultural. This offers opportunities for further thinking about 

and conceptual development of controlled flooding. 
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Appendix A Shades of green in flood management concepts 

The table below does not aim to propose a formal classification of different types of green 

flood management concepts, but to show that the extent to which ecosystems dynamics are 

incorporated in flood management engineering. Some concepts could be placed in multiple 

categories.  

Shade Term/concept Sources 
Ecosystem-integrative 
 
Flood management 
engineering designs 
(or mode of operation 
of infrastructure) that 
incorporate greener 
aspects 
 

Ecological engineering in coastal 
projects 

(Borsje et al., 2011; ProAct network, 
2008) 

Green infrastructure/nature-based 
flood defense 

(Saleh & Weinstein, 2016; Van 
Wesenbeeck et al., 2014) 

Flood pulse concept (Bayley, 1991; Middleton, 2002) 
Green Flood Protection  (Janssen, 2015) 
Green Water Defenses (Marchand, Long, & Sawarendo, 

2012; World Bank, 2012) 
Salt marshes as foreshore 
protection 

(Van Loon-Steensma, 2014) 

Ecosystem-
anticipative  
 
Flood management 
engineering that is 
flexible and aims to 
cater for 
environmental 
dynamics, primarily 
from a control 
perspective 
 
 

Emergency retention areas, de-
poldering, green rivers or bypass, 
Room for the River 

(Roth et al., 2006; Van Staveren, 
Van Tatenhove, et al., 2017; Van 
Staveren et al., 2014; Warner, 
2008a) 

Controlled restoration flooding (Galat et al., 1998) 
Multifunctional flood defenses (Kothuis & Kok, 2017) 
Managed coastal realignment (French, 2006; Pethick, 2002) 
Controlled Reduced Tide (CRT) (Cox et al., 2006) 
Rotational polder concept (De Mesel et al., 2013; Vikolainen, 

Van Buuren, Warner, Lulofs, & 
Bressers, 2015) 

Living with floods (Kamal, 2006; Tinh & Hang, 2003; 
Vis, Klijn, & Van Buuren, 2001) 

Ecosystem-based  
 
Flood management 
engineering that 
builds on ecosystem 
dynamics as a 
(strategic) element of  
designing flood 
management 
approaches 
 

Building with Nature  (De Vriend & Van Koningsveld, 
2012; Waterman, 2008) 

Ecosystem-based DRR measures (Renaud, Sudmeier-Rieux, et al., 
2013) 

Tidal River Management (Gain et al., 2017; Mutahara et al., 
2017; Van Staveren, Warner, et al., 
2017) 

Natural Flood Management (Waylen et al., 2017) 
Strategic flood management (Sayers et al., 2015) 
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Appendix B Interview list 

 
* interviews carried out by/together with research assistant

De-poldering the Noordwaard polder in the Dutch delta 
Organization Date Type 
Former chairman residents association Noordwaard polder 14-11-2013 Report 
Senior project manager Water Board Rivierenland 15-11-2013 Report 
Researcher Wageningen University 15-11-2013 Recording 
Historian, Land van Heusden en Altena area 28-11-2013 Report 
Senior programme manager Water Board Rivierenland 28-11-2013 Report 
EIA Expert Consultancy Firm 5-12-2013 Report 
Project manager Rijkswaterstaat 6-12-2013 Recording 
Former director IJsselmeer Polder Development Authority 22-2-2014 Report 
Civil engineer TU Delft 24-4-2014 Report 
Senior programme managers WWF 29-4-2014 Recording 
Agricultural extension officer new polders (retired) 6-2-2016 Recording 
   
Tidal River Management in the coastal zone of the Bangladesh’s delta 
Organization Date Type 
Senior Specialist DRR World Bank * 1-3-2015 Recording 
Addition Director General BWDB (retired) 28-11-2012 Report 
Employee IRV * 28-1-2015 Recording 
Project Scientist IRRI * 2-2-2015 Recording 
Senior Water Expert, Dutch Embassy Dhaka * 3-2-2015 Recording 
Consultant Water and Agriculture, KJDRP * 4-2-2015 Report 
Blue Gold, former KJDRP consultant participation * 5-2-2015 Recording 
Deputy Team Leader Blue Gold Programme * 5-2-2015 Recording 
Technical Director WARPO * 5-2-2015 Report 
Senior researcher Deltares * 6-2-2016 Recording 
Deputy Component Leader WRM Blue Gold * 9-2-2015 Recording 
Deputy Executive Director CEGIS * 15-2-2015 Recording 
Project Director, CEIP * 16-2-2015 Recording 
Deputy Team Leader BDP2100 * 23-2-2015 Recording 
UNDP Bangladesh * 25-2-2015 Recording 
Participatory Water Management Specialist LGED * 25-2-2015 Recording 
Specialist Geology IWM * 26-2-2015 Recording 
Director Uttaran * 22-3-2015 Recording 
Team Leader BDP2100 # 22-3-2015 Recording 
   
Restoring controlled seasonal flooding in the Vietnamese Mekong delta 
Organization Date Type 
Department of Agriculture and Rural Development, An Giang Province 27-3-2016 Recording 
Hydraulic engineer Consultancy Firm 22-2-2014 Report 
Research Center for Rural Development, An Giang University 24-2-2014 Report 
IUCN Vietnam * 4-4-2016 Recording 
Can Tho University * 4-4-2016 Recording 
Deputy Director Mekong Delta Development Research Institute * 12-4-2016 Recording 
Senior advisor, World Bank * 15-4-2016 Recording 
Senior researcher, Deltares * 22-4-2016 Report 
Project Manager GIZ * 27-4-2016 Recording 
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