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A codebook based on the codebooks of Lesnikowski, et al. (2011) and Berrang-Ford, et al. (2014)  


Data Source
The water management plans of the Dutch water boards are selected as the data source for this research. In these water management plans, the water boards elaborate their aims and strategies with regard to managing the regional water system. Water management plans are described as:
The content of regional water management plan is strategically and politically defined and contains the strategic targets that should be realized by the water boards. In addition, the conditions and measures to achieve these targets are set including the water system management in a broad sense. It therefore concerns the management of surface water bodies, groundwater bodies, barriers, storage areas and supportive works (Government, 2015) 
The water management plan is mandatory under Dutch law, and should be aligned with the prevailing National Water Plans, developed by the national government. The water boards develop water management plans for periods of six years. However, in the past there were differences in the time periods for which the water boards made their plans, especially before 2010. Three clusters time periods were chosen for which the water management plans were analyzed: 2005-2010, 2010-2015 and 2015-2020. For the periods 2010-2015 and 2015-2020 the water management plans for 2009-2015 and 2016-2021 are used. For the first period, 2005-2010, the most recent documents were selected for this time period. 
Sample
The first water board was already established in 1255 and by 1950 the Netherlands counted over 2,600 water boards (Havekes, 2008). Between 1950 and 2005 the number of water boards decreased rapidly as it became clear that many water boards were too small to satisfy the technical and financial requirements needed to govern the water system as a whole. Through several institutional reforms in the 1970s and 1980s, the number of water boards drastically dropped to 22 water boards in 2017. 
For this study, the water management plans of 23 water boards are included. In December 2015, there were 24 water boards in the Netherlands, but one water board is excluded  because it is a small area outside the dykes in the Wadden Sea without a formal governing responsibility. The water boards included in the analysis are:
Aa en Maas; Amstel, Gooi en Vecht; Brabantse Delta; Delfland; De Dommel; Wetterskip Fryslân; Groot Salland; Hollandse Delta; Hollands Noorderkwartier; Hunze en Aa’s; Noorderzijlvest; Peel en Maasvallei; Reest en Wieden; Rijn en IJssel; Rijnland; Rivierenland; Roer en Overmaas; Scheldestromen; Schieland en de Krimpenerwaard; De Stichtse Rijnlanden; Vallei en Veluwe; Vechtstromen; Zuiderzeeland, see figure 1
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Figure 1: overview of 24  regional water authorities (2013-2014) (UvW, 2014)
Data organization and analysis
The data from the water management plans was collected and analyzed using ATLAS.ti 7.0. The documents were organized and clustered per time period 2005-2010, 2010-2015 and 2015-2020. As a result of continuous reforms in the Dutch water boards, some water boards merged during the period under study. As starting point, we use the water boards that existed in December 2015. Consequently, for some water boards there are two plans under consideration for the periods 2005-2010 and 2010-2015. In these cases we used the average of both plans together for the analysis.


Codebook: Note on titling entries
The entries were consistently titled. Since all analyzed documents are water management plans, it was not needed to note the type of document. Within these groups the documents are titled as followed: Name of the water board – Time period for which the water management plan is valid. A water management plan classified in 2005-2010 could for example be valid for the period 2003-2008.
Codebook: Indicators
Information in the water management plans is coded when it is named as adaptation to climate change impacts, or when it is clearly described as measure to deal with climate change impacts. We argue that climate change adaptation policies should be purposefully designed or changed to deal with the impacts of climate change (intentionality) and they should contribute to reducing climate change vulnerability or benefit from climate change opportunities (substantial). Climate change adaptation in the context of water management is defined as followed (based on a definition of Dupuis and Biesbroek (2013)):
The process leading to the production of outputs in forms of activities and decisions taken by water boards, which intentionally anticipate to expected climate change impacts, and whose outputs attempt to increase resilience to vulnerabilities associated with climate change.
The coding is divided into two main categories: vulnerabilities to climate change and level and types of adaptation. To classify the vulnerabilities to climate change to which water boards are adapting, we started with the vulnerabilities described by Lesnikowski et al. (2011) and adjusted based on a review of the policy and scientific literature on the main vulnerabilities of the Dutch water system. Fourteen vulnerability categories are selected that are relevant for the water boards for managing the local water system (see table A. Vulnerabilities). The vulnerabilities will only be included when they are related to climate change adaptations. The second category is the level and type of adaptation for which we distinguished three levels: “Recognition”, “Groundwork” or “Adaptation” (Lesnikowski, et al., 2011) (See table B. Level and type of adaptation). With recognition is meant that the water board recognizes vulnerabilities and the need to take action, but no plans are developed and/or preliminary steps are taken to prepare for the impacts of climate change. Groundwork actions are the steps taken to prepare for and inform adaptation responses (Berrang-Ford, et al., 2014). Adaptation actions are the concrete and tangible steps to increase resilience of the water system to vulnerabilities associated with climate change. Tangibly alters the delivery of government services (Berrang-Ford, et al., 2014). The codes for the different categories are described below.



A. Vulnerabilities (based on the vulnerabilities described in the article of Lesnikowski et al. (2011) and adjusted based on review of the policy and scientific literature on the main vulnerabilities of the Dutch water system)
	Vulnerability
	Description

	Floods - urban
	Heavy precipitation in combination with a low infiltration capacity and insufficient options to discharge water in urban areas can cause flooding. Damage can be high in the case of the flooding of buildings and blocking of important roads.

	Floods – rural
	Floods in the regional water system in rural areas. These floods will mainly be caused by heavy precipitation but also sea level rise can have an effect (rivers being less able to discharge water to the sea). Damage could especially occur in the agricultural sector.

	Groundwater nuisance
	Flooding can not only occur because of heavy precipitation or sea level rise, but also when groundwater tables become too high. Besides that, problems can occur when ground water tables become too low (water availability). When climate adaptation measures dealing with problems due to high or low groundwater tables are described this vulnerability will be selected.

	Runoff / Erosion
	Rainwater that cannot be absorbed by the soil and vegetation and will therefore runoff on the surface. It can cause erosion and water accumulation in other areas.

	Storm surges
	A higher frequency of heavy thunderstorms, winter storms and high winds. Strong winds in combination with heavy precipitation can cause storm surges.

	Droughts - agriculture
	Longer periods with low precipitation and land-use changes can cause droughts. In these periods problems in the agricultural sectors can occur.

	Droughts - nature
	Droughts can cause damage to natural areas. Damage could occur because not enough water is available and water tables are dropping. In addition, there is a higher chance of wildfires.

	Droughts - navigation
	Droughts in the river basins cause dropping water levels in the rivers and regional water systems. This can disturb navigation.

	Droughts – urban area
	Droughts do not only have effects on agriculture, nature and navigation, it can also have negative effects on urban areas. It can influence the availability of drinking water and water to maintain gardens or other water consumption in urban areas. The water system in urban areas can be disrupted.

	Extreme heat
	More and more extreme heatwaves causes a higher demand for water (cooling, drinking, etc.). Also includes the urban heat island. In longer periods of extreme heat cooling of the cities could become a problem.

	Water quality – fresh water

	This is affected by precipitation, droughts and extreme weather (floods but also heatwaves). Higher water temperatures and lower water quantity influence the water quality. It can cause problems for the drinking water supply and for the availability of swimming water. With sea level rise and lower river discharge also salt intrusion can negatively influence fresh water availability.

	Water quality – cooling 
	Droughts and higher temperatures can cause problems in the energy sector. Water temperatures can become too high for cooling the power plants.

	Water quality – nature
	Droughts and higher temperatures can cause lower water levels and higher water temperatures in the regional water system. This can cause algal blooms and other water quality issues.

	Sea level rise
	This is not defined as single extreme events like flooding and storms, but more as a slow but steadily increasing effect of climate change. It causes saline intrusion and decreases the ability of rivers to discharge water.

	Unspecified
	This category should be selected when no specific vulnerability is described. For example, statements that describe climate change and its impacts in general without focusing on certain vulnerabilities.


	

B. Level and type of adaptation (based on the article of Lesnikowski et al. (2011) and Berrang-Ford et al. (2014))
	Level and type of adaptation
	Description

	Recognition
	Evidence of the recognition of vulnerability or the need to take action AND no evidence that plans are in the works and / or preliminary steps are being taken to prepare for the impacts of climate change on the local water system (Lesnikowski, et al., 2011).

	Impacts and vulnerabilities
	Statements discussing the impacts of climate change on the local water system and/or the vulnerabilities of the local water system with no reference to a research or assessment document or findings. It indicates that the Water Board understands that particular phenomena will become more problematic because of climate change.  

	The need to act now
	Statements that recognize the importance to directly take action to adapt to climate change impacts on the local water system. They demonstrate that the Water Board understands the importance of climate change on the regional water system. Although, the Water Board does not plan, has planned, or implemented any kind of action yet.

	The need to act later
	Statements that recognize the importance to take action to adapt to climate change impacts on the local water system in the future. They demonstrate that the Water Board understands the importance of climate change on the regional water system, but the Water Board is not planning, has planned, or implemented any kind of action. The Water Board does not recognize urgency in climate change adaptation.

	
	

	Groundwork
	The steps taken to prepare for and inform adaptation responses (Berrang-Ford, et al., 2014). 

	Impact and vulnerability assessments
	Studies and research completed to assess the consequences of climate change on the regional water system.
Studies and research to assess factors that make the regional water system more or less at risk and/or able to cope with the impacts of climate change.

Evidence to be considered an impact or vulnerability assessment (Lesnikowski, et al., 2011):
· Identification of an actor conducting assessments and / or research: government actor, independent research program / center / institute, academic actor (individual researcher, research team / center / institute)
· Naming a document and the responsible actor
· Naming a document without naming the actor responsible
· Referring to a document without naming it and providing the name of the actor responsible
· Referring to a document without naming it and providing the name of the actor responsible
· Listing one or more statistics that demonstrate that some kind of quantitative research has been conducted

	Adaptation research
	Specifically examining adaptation options. Also grants and financial initiatives that fund these research projects are included. The water management plan has to show evidence that some sort of concrete research has, is, or will be conducted.

Evidence to be considered adaptation research (Lesnikowski, et al., 2011):
· Identification of an actor conducting assessments and / or research: government actor, independent research program / center / institute, academic actor (individual researcher, research team / center / institute)
· Naming a document and the responsible actor
· Naming a document without naming the actor responsible
· Referring to a document without naming it and providing the name of the actor responsible
· Referring to a document without naming it and providing the name of the actor responsible
· Listing one or more statistics that demonstrate that some kind of quantitative research has been conducted

	Development of conceptual tools
	Plans, strategies and frameworks to guide adaptation. When there are specific plans, strategies or frameworks stated in the water management plan to guide climate adaptation (For example the three step method in water management: 1: Water storage, 2: Water retention, 3: Water discharge).

	Provision of policy recommendations
	Policy recommendations with regard to adaptation of the regional water system to climate change impacts. When an action is being identified as being important, but there is no indication that planning steps have being taken to implement it.

	
	

	Adaptation action
	The steps to increase resilience of communities to vulnerabilities associated with climate change. Tangibly alters the delivery of government services (Berrang-Ford, et al., 2014). Water management plans are documents that describe the visions and the plans for the coming years of a Water Board. Therefore, concrete adaptation actions that are clearly planned to be executed in the period for which the water management plan is valid, are also coded as adaptation action.

	Organizational Development
	Authorities identified/developed within the Water Board which is responsible for climate change adaptation (departments, working groups). Increasing capacity of existing groups to address climate change adaptation. The Water Board shows a clear organizational structure for climate change adaptation.

	Regulation
	A binding regulation, rule, guideline, law or statute is shown in the water management plan. It is passed through legislative bodies or executive powers. This also includes modification of existing regulations to deal with climate change.

	Public awareness and outreach
	Information campaigns on the impacts of climate change on the regional water system and autonomous (individual level) adaptation strategies (e.g. instructions for the public how to prepare for floods, storms or droughts) and advanced warning systems.

	Surveillance and monitoring
	Registries of vulnerabilities in the local water system, monitoring, systems for communicating threats to relevant stakeholders (not public), response guidelines and responsibilities outlined. It must be relevant to the local water system and the surveillance and monitoring tools should not be confused with public awareness.

	Infrastructure and technology
	Implementation of building and construction codes. Infrastructure projects with regard to the local water system (dykes, storm walls), public works maintenance (sewage system) and creation of water storage/retention areas (more space for rivers and water storage/infiltration in urban areas).

	Financial support for autonomous adaptation
	Funding for autonomous adaptation. (Not funding for research projects and assessments or grants for adaptation research)



Notes
1. When a vulnerability or adaptation is not specifically named in a section of the text but it can be reasonably inferred from the context of the section, it should be included.
2. The Codes in Atlas.ti will be organized as follows:
For example for the category “Recognition”:
RECOGNITION
recognition: impacts and vulnerabilities
recognition: the need to act now
recognition: the need to act later	

Each category has a title code in capital letters with sub codes, and the codes within a category have the same color. First a number of water management plans is coded using the predefined sub codes, and when climate change adaptation (in this case recognition) does not fit under one of the sub codes it is coded with the title code (RECOGNITION). After coding the first number of water management plans (for example two plans per time period) the coding is reviewed and if similar evidence which does not fit under one of the sub codes is frequently found, a new sub code can be developed. After that, all water management plans are coded again also using the new added sub codes. At this stage, adaptation evidence is coded with the best fitted sub codes and no new sub codes are formulated.

Calculating the Adaptation Initiatives Index Score
To calculate the Adaptation Initiatives Index (AII) Score, we adopted and slightly modified the following weighted formula from Berrang-Ford et al (2014):

· Recognition:			1 * ((ToV#cat1 * 0.5) + (ToV#cat2 * 0.1))
· Groundwork types:		1.5 * ((ToV#cat1 * 0.5) + (ToV#cat2 * 0.1))
· Adaptation action types:	2 * ((ToV#cat1 * 0.5) + (ToV#cat2 * 0.1))

In which ToV#cat1 captures the total number of category 1 vulnerabilities for the specific adaptation type, with a score of 0-4 vulnerabilities. ToV#cat2 captures the number of category 2 vulnerabilities for the specific adaptation type, with a score of 0-5 vulnerabilities. 
[bookmark: _GoBack]
To illustrate the calculation of the aggregated Adaptation Initiatives Index Scores, we use the water board Schieland en de Krimpenerwaard for the time period 2010-2015. Based on our content analysis we find the following evidence: 

1. Adaptation action: financial support for autonomous adaptation, for droughts and floods
1. Adaptation action: infrastructure and technology, for droughts and floods
1. Adaptation action: public awareness and outreach, for unspecified
1. Adaptation action: regulation, for floods
1. Groundwork: adaptation research, for unspecified
1. Groundwork: development of conceptual tools, for floods and unspecified
1. Groundwork: impact and vulnerability assessments, for floods and unspecified
1. Groundwork: provision of policy recommendations, for floods and unspecified
1. Recognition, for floods, sea level rise, water quality and unspecified

The AII will be calculated as follows:

Adaptation action:
1. 2*((2*0.5)+(0*0.1)) = 2
1. 2*((2*0.5)+(0*0.1)) = 2
1. 2*((0*0.5)+(1*0.1)) = 0.2
1. 2*((1*0.5)+(0*0.1)) = 1
Other 4 types of adaptation action are not found, so the score is 5.2

Groundwork:
1. 1.5*((0*0.5)+(1*0.1)) = 0.15
1. 1.5*((1*0.5)+(1*0.1)) = 0.9
1. 1.5*((1*0.5)+(1*0.1)) = 0.9
1. 1.5*((1*0.5)+(1*0.1)) = 0.9
Other 3 types of groundwork are not found, so the score is 2.85

Recognition:
1. 1*((2*0.5)+(2*0.1) = 1.2

Aggregating the results to determine the AII for this water management plan results in: 5.2+2.85+1.2 = 9.25
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