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Abstract

The battle against climate change is one of the key issues occupying the global agenda today.

Adapting to and mitigating climate change are considered key in strategic plans to tackle

climate change. In this context, adaptation refers to taking action to adjust and prepare for

current and future impacts of climate change. Meanwhile, mitigation refers to preventing and

reducing the emission of greenhouse gases. This dissertation posits that both terms

complement each other as actions geared towards the improvement or deterioration of one

strategy affect the other. Many adaptation strategies have been proposed and/or implemented

as a means to cope with climate impact. These elements however ignore the component of

rainwater as a crucial adaptation strategy which in this dissertation is known as the “Sponge

city” concept. This study aims to analyse the effectiveness of Berlin's rainwater adaptation

strategy in the face of the increasing threat of climate change. The methodological approach

adopted is an analytical framework supported by data from public sources, government and

private websites complemented with an interview from the Berlin government personnel Mr.

Pearson. The results of this study depicts that Berlin's sponge city implementation is slow but

can be improved taking into account the recommendations provided based on the limitations

delaying Berlin’s transition. In the end, recommendations are offered on how Berlin could

revamp its rainwater management strategies and knowledge shared in this dissertation can

also be adapted to other cities.
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 1. Introduction 

 Climate change is one of the highest priorities on the global agenda today and confronting the 

 crisis with adaptation and mitigation strategies are key to overcoming the threat it poses.  In 

 this context, adaptation refers to taking action to adjust and prepare for current and future 

 impacts of climate change (Safriel & Allali, 2007, p.750). Meanwhile, mitigation refers to 

 anthropogenic intervention to prevent and reduce the emission of greenhouse gases that cause 

 climate change (ibid, p.750). In this dissertation, both terms complement each other as an 

 effort to address one is set to positively impact the other. 

 Numerous adaptations and mitigation strategies (clean energy, net-zero emissions) as 

 well as policy frameworks (The Paris Climate Agreement, The European Green Deal ) have been 

 proposed and/or implemented as measures to combat the threats of climate change at different 

 local, national and international levels. The water management element as a solution at all levels 

 is, however, most often ignored in this equation since the political world has not yet recognized 

 the pivotal role of water in CC mitigation and adaptation (UN Water.org, 2010, p.11). Despite 

 this, it is clear that the manifestation of CC impact is water-related in its two phases: too much 

 water causing floods, storms and too little water causing droughts, heatwaves, leading to an 

 imbalance in the aquatic ecosystem in different parts of the world (Sun et al., 2020, p.30). 

 According to the World Meteorological Organisation (WMO, 2021, p.16) for the past 50 

 years, the top 10 disasters that have contributed to both human and economic losses have been 

 water-related hazards with casualties: 650,000 deaths due to drought, 577,232 deaths to storms, 

 58,700 to floods and 55,736 deaths to extreme temperatures. And in regards to economic losses, 

 storms and floods are the highest with losses of about US$ 521 billion and US$ 115 billion 

 respectively (see  Figure 5  ). This nexus between water-related  impacts of CC, water as a solution 

 and the lack of adequate policy to implement action shows the importance of integrating water 

 management solutions as a key plan for CC adaptation and mitigation. 

 This dissertation aims to evaluate the effectiveness of water management strategies for CC 

 adaptation and mitigation being implemented in Berlin, Germany. Water management here is 

 understood as the efficient control of water resources to reduce damage to life and property, and to 

 augment its beneficial use (USDA, 2022). The water resource on earth is extensive (see  Figure 6) 

 consisting of three forms (water vapour, liquid water and solid ice) which constitutes about 70% 

 of the earth’s surface making it an integral part of sustaining life on earth (Oki et al., 2004, p.1-4). 

 Due to the scope of this dissertation, in content limitation, only the vapour form of water, in other 

 words, rainwater will be analysed as a resource. As a result, the guiding research question is: 

 How effective is Berlin’s rainwater management strategy for CC adaptation and mitigation? 
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 My interest in this topic developed after watching the CC events of July 2021 on 

 television whereby extreme weather conditions of flood hit western European countries 

 disrupting livelihoods from Belgium, and the Netherlands to Germany (BBC, 2021). The 

 magnitude of the destruction amazed me, prompting me to ponder on the strategies that could 

 be implemented to prevent such a disaster. This moulded the basis of my research to 

 investigate sustainable solutions for the impact of climate change. 

 The initial proposal of this dissertation was to evaluate all the effective climate change 

 solutions Berlin is implementing. However, due to the scope of this research in time and the limit 

 of content length and with the guidance of my supervisor, only one strategy “the sponge City” 

 concept which has proven to be an effective solution to the extreme impacts of CC is analysed. 

 The sponge city concept is based on the ideology of making cities more water-sensitive with the 

 aim of not rejecting water from entry into cities with the construction of high concrete and steel 

 barricades but rather, welcoming water and using it as a resource  (Sun et al., 2020; Hou et al., 

 2020; Zevenbergen et al., 2018). More information on the sponge city concept is discussed in 

 section 2.1.  Berlin is implementing the sponge city  concept although it lacks targets and 

 indicators to track the performance of the application as it is discussed in the  main indicators 

 section. 

 1.1. Analysis of the UN’s SDG 13 and Berlin 

 The guiding framework of this dissertation is based on the UN's SDGs. The UN's SDGs (see 

 Figure 7  ) is a selection of 17 global goals adopted  by all the member states of the United 

 Nations in 2015 with the aim of achieving a better and more sustainable future for all nations 

 by the year 2030 (UN, 2015). These goals contain targets and indicators that are guidelines for 

 reaching the goals and measurements to determine if the goals and targets are a success or 

 failure respectively. The goal chosen for this research is goal 13 (see  Table 1)  which calls for 

 urgent climate action against the impact of climate change. It is important to note that these 

 goals are interconnected and related to each other.This is in the sense that actions geared 

 towards the enhancement of one positively impact the other and vice versa. For example, the 

 strategy of sponge city implementation chosen as a climate action for SDG 13, positively 

 impacts SDG 6 (water and sanitation) and SDG 11 (sustainable cities and communities). 

 Therefore, working on SDG 13 implies improving actions for SDGs 6 and 11 simultaneously. 

 This portrays that, to achieve the SDGs, actions need to be unified amongst goals. This 
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 dissertation in parts references SDG 6 and 11 although the main focus is on SDG 13. 

 The country of analysis for this research is Germany, with a particular focus on the 

 capital city of Berlin. Geographically, Berlin is home to about 3.5 million people with a total 

 surface area of about  (Amt für Statistik Berlin-Brandenburg, 2019). Located in the  892  𝑘𝑚  2 

 northeast, it has a continental climate, characterised by hot winters and cold summers. Annual 

 mean precipitation reaches about  669 mm / 26.3 inches  per year (see  Figure 8  ) 

 (Climate-data.org, 2022)  .  Also, about one-third of  its landscape is covered with rivers, lakes, 

 gardens and forests (Kuhlemann et al., 2020, 3760-3761) (see  Figure 25)  . Berlin is also facing 

 the dual consequence of CC - thus making water management crucial for it to become a 

 heat-adapted and water-sensitive city (SenStadtUm, 2015, p.19). The water management in 

 the city is controlled by the  Berliner Wasserbetriebe  (BWB). Founded in 1852, the BWB is 

 responsible for treating, supplying and recycling wastewater in the city (Berliner 

 Wasserbetriebe, 2022). 

 Politically Berlin is both a city and a federal state comprising two divisions of 

 administration namely: the central and district administration. The central administration is 

 made up of ten senate administrations, each led by a senator and it is the highest level state 

 agency. The senate administration is responsible for making decisions about policy, planning 

 and supervising the overall development of projects in the city and overseeing universities and 

 cooperation under the law. Meanwhile, the district administration is made up of twelve bodies 

 and it is a subordinate body supervised by the central administration. The senate department 

 of the environment, urban mobility, consumer protection and climate action is responsible for 

 all policies surrounding actions geared toward environmental protection. Their role is 

 explored further in  section 4.2.2.  as one of the main  actors in the rainwater management 

 implementation in the city of Berlin (Berlin Partner, 2022). 

 1.2. Methodology and Limitations 

 This dissertation adopts an analytical framework methodological approach whereby analysis 

 of primary, and secondary data sources and methodological choices in relation to theoretical 

 and practical considerations were assessed. Analysis was conducted based on data obtained 

 from published sources, open-source city plans,  public websites, and newspapers, 

 supplemented with an interview obtained directly from the city official working for the 
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 Berliner  Regenswasseragentur  the agency responsible for water management in Berlin. Initial 

 analysis entailed the comprehension of all the elements constituting the origin and application 

 of the Spong City approach from a global as well as a regional perspective. A continuous 

 analysis encompassed the understanding of the sponge city application in the city of Berlin 

 supplemented with information obtained by interview from the city official with the purpose 

 of better comprehending the solutions, adopted strengths and weaknesses, in order to enhance 

 material for the dissertation. Lastly, a concluding analysis involved evaluating the data 

 gathered, examining the results and evaluating the process to determine the effectiveness of 

 the sponge city implementation. Also, recommendations to better enhance processes for 

 adaptation are offered in areas where necessary. 

 This research is a thorough analysis of the sponge city implementation in Berlin. 

 Nonetheless, the research is not without limitations.The first limitations of this research are 

 those characterised by terminology. This is a result of the fact that the language used in CC 

 literature is often coupled with diverse synonyms and definitions which in most cases, 

 diminishes understanding. Also to be blamed is the evolving nature of the field of climate 

 change where changes are constant due to new discoveries. For example, in  section 2.1  there 

 are different understandings of rainwater management strategies, and in  section 4  the 

 evolution of Berlin’s rainwater management strategies are visible. In areas where necessary in 

 this research, word meanings are clarified. The second limitation is in regards to city plans 

 documents analysed. Documents analysed for this research are open-source government plans 

 which might have disregarded other private plans. In the end, this dissertation not only hopes 

 to achieve a unified understanding of the terminology of CC action strategies but also to 

 enhance research on effective CC solutions based on harmony with nature’s resources. 

 1.3. Structure of dissertation 

 This dissertation is divided into eight sections. The first part (  introduction  ), provided an 

 overview of the situation of CC, the UN-SDGs, an analysis of Berlin, aim, methodological 

 approach and limitations of the dissertation. The  second part  analyzes the literature review 

 with a brief description of terminology clarifications, problems about CC, solutions, their 

 benefits and the different sponge city features. The  third section  offers a global and regional 

 perspective on the sponge city implementation, drawing on comparisons amongst countries. 

 The  fourth section  deals with an extensive analysis  of Berlin, in light of its history, current 
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 situations, benefits and limitations to its progress towards the sponge city implementation for 

 CC adaptation and mitigation. The  fifth section  evaluates  and offers recommendations on how 

 Berlin could improve its rainwater management strategies to attain SDG-13 by the year 2030. 

 The  sixth part  concludes with a reflection and synthesis  examined in the dissertation. The 

 seventh part  lists all resources supporting this research  and the  eighth part  , encompasses 

 supporting evidence of graphs and maps for data visualisation. 

 2. Literature review 

 2.1. Terminology clarification 

 There is no static definition of what a sponge city is, however, it can be understood in the sense 

 of a city that has limited access to impermeable surfaces not allowing any water to filter through 

 the ground, but, more like a sponge, which actually absorbs rainwater, which is then naturally 

 filtered by the soil and allowed to reach into the urban aquifers. This process permits the 

 extraction of water from the ground through urban or peri-urban wells, making it possible for the 

 water to be easily treated and used for the city water supply (Sun et al., 2020, p.30; Hou et al., 

 2020, p.5). The general objectives of this concept entails “restoring” the city’s capacity to 

 absorb, infiltrate, store, purify, drain, and manage rainwater and “regulating” the water cycle as 

 much as possible to mimic the natural hydrological cycle (Zevenbergen et al., 2018, p3). To 

 comprehend better, the sponge city approach is demonstrated in  Figure 1  and  Figure 2  below. 

 Figure 1  demonstrates the process of rainfall in a  fast row mode where over 80% of the water is 

 wasted due to impervious surfaces meanwhile in the sponge city mode, rainfall is redirected and 

 less than 20% of the water is wasted. On the other hand,  Figure 2  portrays the multiple benefits 

 and uses of an urban sponge. The sponge city concept is the term used in this dissertation to 

 examine the water absorption function of a city. 
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 Figure 1.  Comparison between traditional fast row  mode and sponge city mode. 
 Source:  Sun et al., 2020, p.33 

 Figure 2.  Urban sponge body schematic. 
 Source:  Sun et al., 2020, p.34 
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 The origin of the term sponge city is debatable as different authors place its source in 

 different places and timelines. Sun et al., (2020, p.30) suggest that the term has been used in 

 academia to illustrate the water absorption function of a city. Liu et al., (2017, p.2) formulate 

 that the term originates from the West but was adopted by China to design a new form of 

 urban development under the pressure of urbanization that would conserve the natural 

 environment thereby establishing harmony between natural resources and human civilization. 

 Meanwhile, Zevenbergen et al., (2018, p.2) present that the term originates from China to 

 imitate ecological processes and the natural hydrological cycle and similar nature-based 

 approaches have been adopted in other countries. The two upshots here are: firstly, the sponge 

 city is understood in light of nature conservation with the integration of rainwater and 

 secondly, China is the country leading the way forward for the implementation of the sponge 

 city as it has the highest number of Sponge Cities (see  Figure 9  ). 

 In other countries, there exist similar methods to the approach of the sponge city for 

 urban drainage (see  Figure 11  ). Low Impact Development  (LID) is the strategy used in the 

 USA, Water Sensitive Urban Design (WSUD) in Australia, Sustainable Urban Drainage 

 system (SUDS) in the UK  and Green Infrastructure (GI) (Rentachintala et al., 2022, p.3; 

 Fletcher et al., 2014). The LID strategy deals with a more careful design of a site in the 

 planning phase in an effort to limit the disturbance of the vegetation, soil and aquatic systems 

 on-site (Dietz, 2007, p.352); this is mostly done with small scale water-retaining features to 

 retain water at the source such as swales (Mani et al., 2019, p.727).  Meanwhile, SUDS is 

 focused on protecting vulnerable water resources, preserving natural resources for future 

 purposes and good health (Zhou, 2014, p.978).  Green Infrastructure (GI) is another generic 

 term used to describe the absorption function of a city. In an urban context, it is understood as 

 open space networks such as parks, and gardens. At the local scale, GI is understood as a 

 stormwater management system that acts as the natural hydrologic cycle (Rouse & 

 Bunster-Ossa, 2013, p1). Other important terminologies to note here are gray infrastructure 

 which is the management of stormwater through a network of conventional hardware water 

 retention infrastructures such as pipes, dams, and ditches (Duke Nicholas Institute for 

 Environmental Solution, 2022) and blue infrastructure refers to urban water infrastructures 

 such as streams, lakes and rivers but sometimes also understood as GI  (GreenBlue Urban, 

 2021) 

 The definition and understanding of these concepts overlap depending on different 
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 authors and country contexts. Countries adopt the method that best fits their profile in relation 

 to the scope of culture, finance, geography etc (Fletcher et al., 2014, p.526-537). The 

 preferred use of the sponge city in this dissertation is not to insinuate its perfection, but rather, 

 fit well into the discussion of an approach that effectively integrates water management in 

 light with green and gray infrastructure that aims for a wider integration of solutions for urban 

 design and sustainability. The sponge city is therefore the combination of green, gray and blue 

 infrastructure for a holistic integration of creating giant sponges in cities where every drop of 

 rainwater is set to serve a purpose. 

 2.2. Understanding climate change, urbanization and water resource 

 According to the IPCC report (Idris et al., 2018), it is imperative to maintain a global 

 warming threshold below 1.5°C. Not maintaining this threshold could lead to devastating 

 climate disasters such as extreme weather conditions which are already manifesting in the 

 form of floods, droughts, heatwaves etc. With the current pace of industrial activities, global 

 temperatures are estimated to reach 1.5°C by the year 2040 with 1.25°C in 2017 already 

 calculated to be attributed to human-induced activity (e.g electricity production, 

 manufacturing, agriculture), especially after the industrial revolution (see  Figure 10)  . 

 These human-induced activities are often claimed to be done in urban settings 

 characterised by the agglomeration of people in specific limited geographical areas 

 undertaking economic activities and constructing urban infrastructure to accommodate a 

 better standard of living. Ren, (2015) analysing urban climatology notes that urbanization 

 plays a vital role in a changing climate. With this large number of people, cities are set to 

 contribute about 76% of CO2 emissions due to the consumption of large scale energy, 

 transport agriculture etc (Milhahn, 2019). This trend, of urbanization, is set to increase mostly 

 in developing countries (Ritchie & Roser, 2019; United Nations Publications, 2019). In a 

 study conducted by Löwe et al., (2020), on the effects of urban development on water 

 management, their findings concluded that urbanization strongly affected water management 

 and there is a need to align water management systems in relation to urbanization trends. 

 Another study by Konrad (2016) on the effects of urban development on floods, equally 

 concluded that urbanization was a major driver of flood disasters. With urbanization 

 increasing, this trend is set to increase as well (see  Figure 16  ) (Ritchie & Roser, 2019). 

 On the other hand, Satterthwaite (2009) argues that it is not the increase in population nor 
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 cities or urbanization that is to be blamed for environmental problems but the consumption of 

 goods and services which stress natural resources for their production - since in some cases, 

 low-income countries, have the highest population growth but consumes fewer goods which 

 generate less GHG emissions meanwhile high-income countries often have a lower population 

 growth but consume goods high in GHG emissions. Therefore, if calculating emissions based on 

 consumption per person (which is unfair since it varies in income) urban areas will be more 

 responsible since they account for a higher population density which is not the case. 

 Putting aside consumption, population growth and rapid urbanization as drivers of 

 climate change, another factor in this mix is the materials used in the design and planning of 

 cities. Cities are plagued with the use of unsustainable materials in their construction which 

 causes negative environmental effects (Alexander & Greber, 2001; Mehta, 2002, p.23). One 

 of the leading factors in this is the use of concrete which is used in construction buildings, 

 roads and bridges. The environmental impact of this material is enormous (Watts, 2019) and it 

 creates hard surfaces which contribute to surface runoffs that may lead to flooding (Plester, 

 2016). To add, even the conventional infrastructure put in place to solve these problems 

 (which involves concrete) are isolated, fragmented and single-minded. For example, dams, 

 dikes, and pipe controls built to prevent floods aggravate other environmental problems like 

 habitat loss and a decrease in groundwater (Yu, 2017). This does not imply that these 

 infrastructures should not be built but the fact that they should be built in a sustainable 

 manner. 

 For the case of Berlin, the problem of urbanization, population and city design, are 

 equally the causes of its climate change impacts. The increase in urban agglomeration in the 

 city makes it heavily sealed, causing heat (SenStadtUm, 2015, p.19; Nickel et al., 2013, p.3) 

 and at the same time, provoking extreme weather events with heavy precipitation, having 

 severe impacts on urban areas. Moreso, due to the sealed design structure of the city, it is 

 vulnerable to flooding (SenStadtUm, p.20). In all the above scenarios, the implementation of 

 the sponge city helps alleviate the stress of CC impact. 

 2.3. Understanding the benefits and limitations of the sponge city concept 

 The sponge city concept is an effective solution to tackle the dual consequences of 

 drought-related and water-related disasters and other climate change impacts. Various scholars 

 have dissected the benefits of adopting the sponge city concept in cities. These benefits are 
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 grouped into three main categories namely: environmental, social and economic benefits. 

 In regards to the environmental benefits, the sponge city approach offers a wide range 

 of flood protection measures as it is implemented with the conservation of urban water bodies 

 and rivers, wetlands which reduces and slows stormwater discharges (Chan et al., 2018, 

 p.772-775; EPA, 2021 ). Liu et al (2017, p.4) assert that the sponge city concept plays an 

 important role in solving dire urban water problems and it can directly reduce disaster risk and 

 urban flooding,  as heavy rainfall can infiltrate the ground reducing the amount of peak flow, 

 in turn, equally solving the problem of water shortage as rainwater infiltrates the ground, it 

 replenishes groundwater with the rest of rainwater stored and reused as a supplementary water 

 resource. It also solves the problem of water pollution because rainwater is naturally purified 

 and the separated system of draining sewage and rainwater prevents contaminants from 

 polluting entry waterways and rainwater. In addition,  the sponge city approach positively 

 impacts urban ecosystems which in return benefits cooling down the urban temperature, 

 mitigating Urban Heat Island Effect, and improving ecology (Köster et al., 2019, p22-23; ). 

 Socially, the implementation of sponge city measures significantly improves the living 

 standard and the welfare of citizens. This is possible, through the creation of recreational 

 spaces paving the way for citizens to enjoy greenery without leaving the city. Also, permeable 

 pavements and vegetation reduce noise pollution by damping plane, train and traffic noise. As 

 a result, this also leads to increased health benefits as more parks and green spaces encourage 

 physical activity, prevent chronic diseases and reduce obesity (US EPA, 2021). The WHO ( 

 2016), provides evidence of green space demonstrating how it positively impacts mental 

 health and cognitive function, reduces cardiovascular, morbidity, reduced mortality, improves 

 pregnancy outcomes and reduces the prevalence of type 2 diabetes. 

 Furthermore, the economic benefits of this approach are those included in green jobs 

 being created whereby, they are said to reduce infrastructure cost, create construction, 

 promote economic growth and maintenance jobs as a result of an increase in demand for 

 green skills leading to the emergence of a wide range of new training and certification 

 programs (US EPA, 2021). Also, another benefit is that of increasing property value - that is, 

 the construction of a new property, with elements of sponge city concept integration, increases 

 the value of a property which is beneficial to both the developer and homeowners. 

 On the other hand, the sponge city approach is not a perfect solution to the problem of 

 climate change since there still exists some unsustainable practices, especially in the 
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 construction of these facilities. According to a study by Moore & Hunt, (2013), most 

 stormwater management facilities act as net carbon sources due to the large quantities of 

 carbon emitted during the transportation, material production and construction phase (ibid, 

 p.49). This study concluded that the carbon emission generated by the construction of a 

 sponge city with traditional engineering infrastructures is likely to be greater than that created 

 with vegetation. Also, transportation was the highest emitting carbon source. Lastly, to build 

 stormwater infrastructure with little or no carbon footprint, there is a need to have predictive 

 models that determine the emission of the different construction materials and processes (ibid, 

 p.50) (see  Figure 3  ). 

 Figure 3.  Conceptual model of SCM carbon footprint  analysis. Those components that 
 increase the footprint are indicated with a “+”; sequestration, which offsets total CO2 

 emissions is indicated with a “−”. 
 Source:  Moore & Hunt, 2013, p.46 
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 In addition, other risks involved in these sponge city infrastructures include diseases, 

 accidents, and exploitation due to the multifunctionality of these facilities. Disease risk may 

 occur when using the wrong type of plants which increases the risk of allergies and asthma. 

 Also, plant protection and pest control can expose citizens to harmful substances. Accidents 

 may occur when entering or using the area which increases the risk of drowning and are 

 especially dangerous to children as they are constructed to host water bodies in their 

 surroundings. The risk of exploitation is associated with the rainwater collected. If it is not 

 properly treated or stored, the quality drastically reduces. Therefore, it is imperative for water 

 quality control measures (Köster et al., 2019, p.24) 

 Berlin also hopes to enjoy the benefits the sponge city provides as it is beneficial to its 

 citizens, providing solutions to problems like urban heat and flooding (SenStadtUm, 2015, 

 p.25-26). As a result, it has taken initiatives to implement the measures which are discussed in 

 detail in  section 4.2.3  Even though the approach is  without limitations, inclusive of the 

 general limitations, examined above, Berlin faces its own unique limitations in the sponge 

 city approach discussed in  section 4.2.4  . As a result,  there need to be definitive guidelines of 

 indicators to measure the successful implementation of the sponge city approach 

 Furthermore, there exist several indicators that have been developed, to track effective 

 management of water in cities (Rogers et al., 2020, p3). These indicators have been evolving 

 with time as models for measurement and the situation of climate change become distinct (see 

 Figure 12  ). One such water sensitivity index is that  of Arcadis 2016, (consultancy group 

 focused on sustainable design, engineering and consultancy solutions for natural and built 

 assets) in partnership with CEBR (Centre for Economics and Business Research) created a 

 framework to benchmark cities sustainable water management system. 

 Three indicators: resilience, efficiency and quality were used as elements for 

 measurement. The Resilience Index marked cities that are prepared to overcome challenges of 

 too much / too little water, protecting their citizens from burdens such as floods and drought. 

 The Efficiency Index marked cities that have clean and usable water as essentials for health 

 and the economy. The quality index marked cities which have the highest performance quality 

 of water in different areas such as drinking and treated wastewater (see  Figure 13  ). A more 

 recent diagnostic tool for measuring cities' relationship with water, which tried to fill in the 

 gaps in the past model of cities’ water management indicators is the Water Sensitive City 

 Index which was fully implemented in 2018. This index contains 7 goals and 34 indicators 
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 (see  Figure 14  ) to measure the performance of cities’ water management. Also, the index is 

 set to provide reliable and meaningful insight across different contexts such as coastal and 

 inland locations, temperate and tropical climates, and dense and sparse populations which fills 

 the gaps of past metrics (Rogers et al., 2020, p10). Meanwhile, the Arcadis sustainable city 

 index has prepared a report to assess the water sustainability of cities which ranked the 50 

 best cities. The WSC index framework, although it has tested its model, is a guiding tool for 

 cities to conduct or test their independent water management strength. These frameworks will 

 be used to analyse cities’ water sensitivity in  section  3  below. 

 3. Global and regional situation regarding sponge city implementation 

 3.1. The Global situation 

 The global situation regarding sponge city implementation is diverse and dynamic due to 

 differences in how countries perceive water and their resource management levels. Many 

 countries still face setbacks in implementing sustainable water management infrastructures 

 (Brown et al., 2009, p.847). Qiao et al., (2018) dissected setbacks countries face into four 

 main aspects namely in relation to: actors, resources, rules of the game and discourses. Firstly, 

 actors responsible for implementation face challenges on issues of unclear leadership and 

 responsibilities, and difficulty in engaging stakeholders and cooperating with different 

 stakeholders. They also lack understanding of their roles, expertise, institutional capacity and 

 means of effectively accomplishing planned goals. Secondly, resources for stormwater 

 management are often stressed due to issues like lack of funding, effective market incentives, 

 space, knowledge, staff and time to implement strategies. Thirdly, with regards to the rules of 

 the game, challenges such as lack of incorporation of stormwater management into legislative 

 mandates, as well as lack of standards for implementation often slow progress. Lastly, the 

 discourse on stormwater management is often fragmented amongst stakeholders’ networks. 

 There is also fear of high risk and low performance, and a lack of awareness of the 

 adaptability of technologies and policies around the world. 

 Low-income nations are severely affected the most by these challenges which limit 

 their ability to transform their cities into water sensitive cities (Reed, 2019). As a result, they 

 are stuck between the first three transition frameworks of cities’ progress to become water 

 sensitive. This six-steps water transition was designed by Brown et al., (2009) to map the 

 historical process most cities have taken to become water sensitive (see  Figure 15).  The first 
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 step is the “water supply city” aimed at providing easy access to water and security. The 

 “sewered city” stage focused on health protection and “drained city”, on flood protection. The 

 “waterways city”, focused on environmental protection, the water cycle aimed to protect the 

 natural resources and the “water sensitive”. According to Brodnik et al., (2018), developing 

 countries have the benefits that they do not need to go through all these stages progressively. 

 They can leapfrog stages to avoid committing the same mistake of developed countries who 

 have transitioned progressively through these stages that often resulted in environmental 

 consequences and negative social impact. This opportunity comes from the fact that 

 developing countries have fewer investments in these institutions and infrastructures making 

 it less likely to regret transitioning directly to water sensitive cities (ibid, p.5). 

 Analyzing from the perspective of the Arcadis (2016) sustainable cities water index 

 discussed in  section 2.3  it is evident that developing  countries have poor water management 

 resources. Cities that perform well are high-income countries, especially from Europe and 

 North America. Meanwhile, Asian cities are at the pace of western cities. Cities which perform 

 poorly are those from Africa and Latin America. Nevertheless, there are strategic schemes by 

 which cities wishing to become water sensitive could adopt. Ferguson et al., (2013), suggest 

 that countries wishing to transition to become water sensitive, have to design a strategic 

 program, taking dimensions such as decision-making context (visions, priorities and objective), 

 system context (scenarios, challenges and opportunities), coordination and communication 

 (resource, tools, knowledge and capacity), strategic options (options and evaluations), lastly 

 performance control (actions, resources, responsibility and timing). These dimensions will of 

 course differ in terms of situational context (see  Figure 24  ). 

 3.2. The European situation 

 Stormwater management in Europe is effective due to suitable conditions like effective 

 management bodies and the availability of financial resources. The European Commission in 

 2001,  adopted the Water Framework Directive (WFD) with the aim of protecting water based 

 on its natural geographical formations in hopes of guiding member countries to better manage 

 their water resource. The directive acknowledged water as a core element of the natural 

 ecosystem whose supply is particularly threatened by climate change - with an 

 accomplishment timeline for member countries in  2015 (European Commission, 2014). The 

 WFD however faced challenges with respect to high-cost implementation, unrealistic 
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 timelines and the lack of legal enforceability by the countries involved (Kallis & Butler, 

 2001,p.136-139). 

 Voulvoulis et al., (2016), analyzing the progress of the WFD fifteen years after its 

 adoption concluded that the directive was ineffective due to misinterpretation of new concepts 

 introduced and the lack of ambition in implementation. In other for the WFD to be relevant, it 

 had to make sure that implementation of water is based on a clear understanding of the risk 

 and pressures in monitoring which in essence, requires moving away from a single-mandate 

 of management across all Europe to a robust understanding of the features of those systems 

 (ibid, p.363-364). Nevertheless, despite this setback, cities in Europe are the most successful 

 in sustainable urban water management systems on the planet (Arcadis, 2016). 

 Moreover, as discussed in  section 2.1  , different cities  have diverse strategies for urban 

 sustainable stormwater management systems. Therefore, evaluating some of the different 

 European cities’ strategies aids in a better understanding of Berlin’s situation.One of those 

 cities is Rotterdam, Netherlands. Surrounded by water on all four sides of the cardinal points, 

 the city had conventionally used dykes and dams to protect the city from flooding. With the 

 rise of sea levels, however, these conventional infrastructures are proving inadequate and as 

 such, it is turning to more green strategies to fight against the impact of climate change (van 

 Vliet & Aerts, 2015). As a result, it developed the Rotterdam Climate Proof Program (RCP) , 

 a proactive way to make the city resilient to the challenges of CC. The first priority of the 

 program is the safety of the city and the second is to implement water storage for urban drain 

 water (Dircke & Molenaar, 2015, p.675). These strategies rank the city as one of the best 

 water management cities (Arcadis, 2016). Another example is the UK which uses the 

 Sustainable Urban Design System (SUDS) as its strategy for urban water management with 

 the same framework for the protection of the ecosystem (British Geological Survey, 2022). 

 Two aspects are common in these measures which are; firstly their regard for the environment 

 and secondly, they lack adequate policy measures to boost their growth and adoption (van 

 Vliet & Aerts, 2015, p.569; Lashford et al., 2019, p.8). 
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 4.  Position of Berlin regarding the sponge city implementation 

 4.1. Historical background 

 The historical background here begins with the early stages of nature conservation to 

 understand the evolution of diverse policies to come adapt with water sensitivity. The  history 

 of nature conservation in Berlin is fascinating due to the urban transformation of ideology on 

 what constitutes protecting the environment the city has experienced from the Weimar 

 Republic to the rule of Nazis, the division of Berlin and the reunification in 1990. On all 

 fronts of these distinct regime changes, Berlin has always stood as the capital city, thus of 

 strategic importance and representing the rule to the rest of the German cities. It is important 

 to note that the debate on care and protection of the natural habitat has always been present in 

 German society; although the aim and understanding of this protection in different times have 

 had different meanings as examined below. In order to understand the conservation of nature 

 in Berlin, the distinction in ideologies is examined with the division of Berlin into three 

 political phases: Before the Berlin wall, during the wall and after the dismantling of the wall. 

 The history of the  Berliner wasserbetriebe  is also  analysed as it marks the beginning of the 

 recognition of water as an integral part of nature’s protection. 

 4.1.1. Before the Berlin Wall, 

 The timeline period before the rise of the Berlin wall is traced vividly from the Wilhelm era 

 which began in 1890 to the erection of the wall which occurred in 1961. The two key phases 

 to note in this timeline are first, the understanding of conservation from the Wilhelm era to the 

 Weimar republic in 1933 and secondly, Berlin under the control of the nationalists (Nazi 

 regime) which eventually leads to the division of Berlin into West and East. East Berlin was 

 under the jurisdiction of the Soviet Union and West Berlin was under the control of the USA 

 and the UK. 

 In phase one, the idea of environmental protection had always been present. The aim 

 of creating green spaces was however geared towards aesthetical purposes with little or no 

 care about the environmental impact and/or people. This took the approach of classical nature 

 conservation which focused on protecting forests and other landscapes at the fringe of the city 

 (Lachmund, 2013, p.19-26). In addition, the city plan for the environment served the planners 

 and political leaders’ economic and political agendas before that of the people of Berlin 

 (Jackisch, 2014, p.308). Prior to the beginning of the WWI, there had been increased concern 
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 for the health of Berlin´s working-class who were crammed up in urban areas with poor 

 ventilation and overcrowded district; first as a result of rapid urbanization and a population 

 boom (the same factors driving CC in Berlin as discussed in  section 2.2  ) which feared the 

 impacts of social degeneration, the collapse of urban morality and increase in crime (Jackisch, 

 p.310; Uekötter, 2006, p.4). One solution proposed to solve this problem was the integration 

 of green space which reformers suggested will assist Berlin workers in restoring their health 

 and exercise in conjunction with the environment (Jackisch, 2014, p.310). This was the first 

 step taken towards thinking about nature protection in light of the welfare of the ecosystem 

 and people. The outbreak of WWI had devastating consequences especially in regards to 

 finance in the Weimar Republic thus, jeopardising the funds for the creation of more green 

 space. This caused turbulence in the regime, subsequently paving the way for the coming to 

 power of the Nazi regime (Jackisch, 2014, p.315). 

 In phase two under the auspice of the national socialist government. The framing of the 

 environmental agenda was on the bases of  heimatnature  (homeland identity) which interpreted 

 nature in line with racial biology, giving strengths to white people and considering other 

 inferior races as akin to the benefits of nature (Lachmund, 2013, p31; Jackisch, 2014, p309). 

 This led to racial discrimination in the provision of green space in Berlin. Despite this racial 

 ideology in the framing of nature during the Nazi regime, the Nazis however achieved 

 significant landmarks in the protection of the environment. One of these is the 

 Reichsnaturschutzgesetz  of 1935 (Reich Nature Conservation  Law) - Considered to be one of 

 the best at that time on nature protection. The act re-established nature protection in all parts of 

 Germany as a national concern rather than regional divided efforts. It also advocated for the 

 protection of non-huntable animals and plants, nature conservation areas, natural monuments 

 and surroundings. It forbade any significant changes or destruction of natural monuments and 

 if these changes were necessary, government nature conservation authorities had to be 

 consulted. This milestone represented a more bureaucratic and organised response to 

 environmental protection ( Uekötter, 2006, p9-15; Ditt, 2010, p169-172). 

 4.1.2. The Berlin Wall 

 The outbreak of WWII offered a new reality to the discussion of nature conservation in 

 Berlin. It did not only lead to the end of the Nazi era but also had devastating impacts as it 

 destroyed vast parts of the capital. The Berlin Wall was erected to mark the beginning of two 
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 Germany. The wall divided the German capital into two parts: namely, West and East 

 Germany. Despite this division, Berlin still stood as the capital of both parts. However,  the 

 governing of the environment differed in both states. For West Berlin, the idea of care about 

 the environment was still intrinsic to its city planning and due to their financial stability, they 

 could support projects on environmental wellbeing. Meanwhile, for east Berlin, the case was 

 different. It was difficult to control the environment due to setbacks like the top-down 

 political structure and also the lack of sufficient funding. Subsequently to the reunification, it 

 will be difficult to combine both environmental practices as they differed in implementation 

 (Behrens & Hoffmann, 2019). 

 4.1.3. After the Berlin Wall 

 The fall of the Berlin wall and the reunification of the city marked the beginning of the 

 campaign for the conservation of natural parks and other green spaces in the city (Lachmund, 

 2013, p.1). Thanks to the work of the Urban ecologist Herbert Sukopp, Berlin began to 

 understand the scientific importance of creating green spaces in the city (ibid, p.46). The 

 challenge here was however the integration of the nature conservation acts of East and West 

 Berlin due to the different political systems they had experienced for the past 28 years (Nickel 

 et al., 2013, p11). 

 4.1.4. The  Berliner Wasserbetriebe 

 The history of the  Berliner Wasserbetriebe  (Berlin  waterworks companies) here, cannot go 

 unnoticed. Founded in the mid-19th-century and managed by the English company Fox and 

 Frampton, the main goal of the company at that time was to supply drinking water to the city. 

 It did not control the management of sewage water in the city which will later have an effect 

 on the citizens, with the outbreak of cholera. The company was later purchased by the 

 municipality of Berlin which formed a municipal construction commission for Berlin’s sewers 

 and was charged to take control of all Berlin water infrastructure. The division of Berlin in the 

 aftermath of WWII also affected the company as it was split but was later reunited in the 

 reunification proceedings (Salian&Anton, 2011; Berliner Wasserbetriebe, 2022). At this time, 

 water management was not geared towards the aim of climate change adaptation and 

 mitigation; rather, the focus was to supply people with clean water since the sanitary 

 conditions were so poor due to lack of water management. Therefore, it can be concluded that 
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 Berlin has also undergone the water transition framework described by Brown et al., (2009), 

 in  section 3.1  . In the face of climate change, it  has realised that the technology it inherited 

 from the past, is not sufficient for climate change adaptation.  Section 4.2.2  .  Details the role of 

 Berliner WasserBetriebe  in the implementation of water  management strategies if further 

 explored in  section 4.2.2  . 

 4.2. The current situation 

 The significance and the need to implement rainwater management strategies for 

 water-sensitive Berlin has been acknowledged by the Berlin government. This can be seen 

 with the measures it is putting in place to ensure the effective management of rainwater in the 

 city, in turn, making Berlin, a heat-adapted, water-sensitive city. That is evident through the 

 creation of the  Berliner  Regenswasseragentur  (Berlin  Rainwateragency) (see  Figure 4)  . In 

 May 2018, under the auspices of the SenUVK in collaboration with the  Berliner 

 Wasserbetriebe  (BWB) created the Berlin Rainwateragency  with the aim of “decentralizing”, 

 the management of rainwater in the city with hopes that it will relieve sewers, offer protection 

 against flooding, strengthen vegetation and bring benefit to urban climate and water 

 (  Regenwasser,  2022  .). This came after the realization  by the BWB of the inefficiency of its 

 sewers in the event of heavy rains as they were designed for “normal rains”. Moreso, the 

 BWB acknowledged the difficulty in extending the sewerage system due to the lack of space 

 and economic unjustifiable reasons (  Regenwassernutzung  ,  2022.  ). From there on, the Berlin 

 Rainwater agency is the body responsible for ensuring the planning, implementation and 

 monitoring of rainwater in the city. 

https://www.bwb.de/de/regenwasser.php
https://www.bwb.de/de/regenwassernutzung.php
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 Figure 4.  Unveiling of the Berliner Rainwater Agency 
 Source:  SenUVK, 20  18 

 4.2.1. Main indicators 

 To begin, there is a worldwide gap in mapping-out indicators for tracking present and 

 prospective features of water resources (UN Water & Hughes, 2009, p.165). Nonetheless, 

 there are a few prominent indicators that can be considered for this dissertation to understand 

 the pace of sponge city implementation in Berlin. In regards to the SDG 13 indicators, there 

 exist diverse indicators to measure the progress of the SDGs targets. Most of these indicators 

 however, are not comprehensive as they do not consider the level of rainwater management 

 for CC adaptation and mitigation (  see Table 1  ). Also,  indicators for SDG 6 and 11 which are 

 interrelated to SDG 13, are focused on other climate-related  targets and not necessarily on the 

 direct relation of stormwater management for CC adaptation and mitigation (see  Table 2  and 

 Table 3  ). Notwithstanding, the SDG tracker index developed  to track the progress of all the 

 SDGs at the national level (Our World in Data, 2018) and the data composed by the OECD 

 measures the distance to the SDGs in regions and cities (OECD, 2020). According to the 

 former index, Germany is well on track to accomplish SDG 13 by the set date. Meanwhile, in 

 the later index, Berlin's goal accomplishment progress rate is 73% the same average rate as 

 OECD countries average but falls behind the national average of 77%  (OECD, 2020)  . 

 Analyzing indicators in the specific context of rainwater management in the city with 

https://www.berlin.de/sen/uvk/presse/pressemitteilungen/2018/pressemitteilung.698561.php
https://www.oecd-local-sdgs.org/index.html
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 regards to the water sustainability index examined in  section 2.3  by Arcadis, (2016) Berlin 

 ranks fourth overall as the best city in water management (see  Figure 26  ). In the resilience 

 sub-index, Berlin is fourth. This implies that she is working to overcome the problems 

 associated with too much as well as too little water, protecting its citizens from floods and 

 droughts and ensuring water-related services continue. It also goes further to show that Berlin 

 can recover quickly in events of unforeseen climate disasters. In the efficiency sub-index, 

 Berlin ranks third, which suggests that it considers water as a valuable resource that is essential 

 for its city and for the health of its citizens and economy. It also takes into account Berlin’s 

 affordability of water while thinking about future generations and their water needs. The 

 quality sub-index ranks Berlin as the fourteen in water quality cities which implies that even 

 though Berlin is making efforts toward water sanitation, health, pollution, environmental 

 effects, accessibility and reliability to sources of water is still a challenge and, it is definitely an 

 area that needs improvement. 

 In addition, evaluating the indicators of the Berlin Rainwater Agency there are no 

 specific guidelines or frameworks to measure the success or failure of implementation rates 

 since the Berlin, rainwater agency is mostly focused on consultation of rainwater management 

 implementation projects in the early stages of planning [Pearson, 2022 Annex 8.1  No.55-60]  1 

 This shows that in order for progress to be tracked at the local or even national level, there 

 needs to be a set of frameworks that measure implementation success and failure rates. This 

 limitation is reflected in  section 5.2  on recommendations,  suggesting how Berlin could track 

 the progress of the rainwater management using frameworks such as the  Water Sensitive 

 Cities Index  discussed in  section 2.3  . 

 4.2.2. Main actors 

 The rainwater management in Berlin adopts a multistakeholder approach since there are alot 

 of departments, companies and institutes working together [Pearson, 2022 Annex 8.1  No. 

 17-18]. The implementation involves several actors from governmental positions down to 

 homeowners and extends to the inhabitants of Berlin. This section examines the main 

 stakeholders involved in the sponge city implementation in Berlin with respect to their role, 

 1  Samuel Pearson is an environmental engineer at the  Berlin Rainwateragency. He is the interviewee consulted 
 for this dissertation to enhance information on the rainwater management. His input are cited as  [Pearson, 
 2022 Annex 8.1  No…] 

https://watersensitivecities.org.au/
https://watersensitivecities.org.au/
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 strengths and limitations in delegating their task. 

 4.2.2.1. The Senate Department for the Environment, Urban Mobility, Consumer 

 Protection and Climate Action (SenUVK) 

 As examined in  section 1.1  the main body responsible  for the planning and implementation of 

 actions geared toward CC and other environmental issues is SenUVK. And as discussed in 

 section 4.2.3  ,  the SenUVK has implemented measures  like the  Step Klimate  and the  Berliner 

 Regenswasseragentur  to guide the implementation of  the sponge city. Also, the SenUVK of 

 Berlin has more power to enforce decisions since its position as a national capital, federal 

 state and local government provides a huge advantage in that; all the agencies dealing with 

 water are closely related. Moreso, the challenges concerning water management receive 

 quicker attention and implementation in a short time and water regulators can act as 

 independent authorities giving it more flexibility (Salian&Anton, 2011). Despite these 

 advantages, the SenUVK is still lacking hardcore implement decisions to enhance the 

 implementation of measures as seen in  section 4.2.4.  ,  on the lack of obligation for real estate 

 owners to adopt measures and many more. 

 4.2.2.2.  The  Berliner Wasserbetriebe 

 The  Berliner Wasserbetriebe  is another major player  in the implementation of rainwater 

 management in Berlin. As discussed in  section 4.1.4  it is the umbrella organization for water 

 management and as such, it also controls all the aspects of water supply and demand as well 

 as the urban drainage system in the city. It is also the main body that oversees the endeavour 

 of the Berlin Rainwater agency (BWB, 2022). 

 4.2.2.3. The  Berliner Regenwasseragentur 

 The  Berliner Regenwasseragentur  is the principal agency  responsible for all the tasks geared 

 towards rainwater management in Berlin. It acts under the guidance of the SenUVK and the 

 Berliner Wasserbetriebe  . The agency adopts a multi-stakeholder  approach, that is, it works in 

 a cross-functional way with different teams but mostly under the senate of Berlin which has 

 multiple departments for climate change matters [Pearson, 2022 Annex 8.1  No. 17-18]. Its 

 main aim is to consult people at the early stages of their rainwater implementation planning. 

 The agency is limited in taking action as it faces problems like the lack of an adequate number 
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 of workers and the services it offers. In regards to the number of staff, the agency has a total 

 of six staff of the total population of Berlin which is about 3.6 million people. The number of 

 staff limits the effectiveness of task to be done. For example, the agency just does not track 

 the implementation of the projects it consults, which is not practical because progress cannot 

 be measured. This limitation links to the resource barrier of the global situation explored by 

 Qiao et al.,(2018) as one of the main shortcomings in the sponge city progress. This drawback 

 is explored further in the recommendations section on the strategies Berlin could implement 

 to improve the effectiveness of the organization. 

 4.2.2.4. Property owners 

 Property owners in Berlin are one of the key players in the implementation of the sponge city 

 concept. It is also important to note that the dynamics of the real estate market is complex. 

 Due to this complexity, the sponge city implementations are hard since there is hardly any 

 official data on the property ownership structure in the city (Trautvetter, 2021). 

 In 2019, a study by Savills, a UK based real estate company, revealed that 34% of 

 houses in the city belonged to private developers, 43% to private individuals and 23% to 

 community owners (Lemli et al., 2019). To add, property ownership in the city is decreasing 

 at a steady rate where just about 50% of residents are property owners (Statista, 2021). This 

 generates an increase in the tenants rate in the city where about 80% of inhabitants are 

 tenants. For these reasons, Berlin is popularly known as a “city of Tenants” (Hall, 2021). 

 These figures have real impacts on the implementation of the sponge city at a small 

 individual scale. This is as a result of the fact that most property owners are secret real estate 

 developers and in order to do renovations in apartments, permission in advance is required 

 from the landlord (Berlin.de, 2019). Remodelling apartments for the sponge city features is 

 especially difficult because the government has not come to any consensus with real estate 

 developers on the implementation of rainwater management features in buildings 

 (Zimmermann, 2016). There is however, a difference with houses owned by the government 

 whereby implementing sponge city features are easier to be implemented as a result of easy 

 access to funding and permission [Pearson, 2022 Annex 8.1  No.31-32]. In the future, the 

 government aims to negotiate with real estate developers on measures regarding sponge city 

 implementation on every new building built (Zimmermann, 2016). 
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 4.2.2.5. The inhabitants of Berlin 

 The inhabitants of Berlin are also the key players to take initiative to implement sponge city 

 features. With all the planning and monitoring done by the SenUVK, the water company and 

 the rainwater agency, the choice of implementing the strategies, lies with residents to take 

 initiative, to reinforce the need of making the city adaptable to CC. To this effect, there are 

 financial incentives to boost people to take care of their own rainwater management on their 

 property. For instance, there is a 1.80 euros cost per year of rainwater charges for every square 

 metre of an area connected to the sewage system. People that adapt their properties to manage 

 rainwater on site have a significant discount on these charges, making it more beneficial for 

 residents to manage their own rainwater than spend money connecting it to the sewage system 

 (SenStadtUm, 2015, p.23; Pearson, 2022 Annex 8.1  No.33-36). The stormwater fee in Berlin 

 is the highest in Germany and is equally considered as the greatest financial incentive to 

 promote the adoption of green measures (Nickel et al., 2013, p.13). 

 4.2.2.6. Private companies and NGOs  are also the main  actors involved in the sponge city 

 project implementation in Berlin. This is a result of the fact that many of the preliminary 

 studies and research on CC issues and solutions are done in collaboration with these 

 companies. They do not have much influence in the decision making process. Nevertheless, 

 they are becoming increasingly influential in the discussion on CC and lobby about issue 

 related to CC (Salian & Anton, 2011, p.14-15). 

 4.2.3. Adopted measures 

 As discussed in  section 4.2  Berlin is making significant  steps to accomplish its climate goals. 

 As a result, there are numerous adopted measures it has put in place to implement the 

 strategies to ensure the smooth application of CC adaptation and mitigation measures. These 

 measures are mostly in-line with policy frameworks on guidelines of what the city needs to do 

 to adapt. The adopted measures in Berlin discussed in this section are divided into two distinct 

 levels namely: local and international levels. It is important to note here that the national 

 policy will not be discussed. This is because Berlin does not follow a national policy for 

 stormwater management since in Germany. This task is the responsibility of the municipalities 

 and not the national government although there is the German Federal Water Act and the State 

 Water Laws which are frameworks for wastewater and stormwater management but the 
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 ultimate application rest on the municipality (Nickel et al., 2013, p.3-4). 

 4.2.3.1. Local-level policy framework 

 According to the SenUVK, the core elements of Berlin’s strategy for the adaptation to climate 

 change consist of three components namely the  Urban  Development Plan Climate 

 (  Stadtentwicklungsplan StEP Klima KONKRET  ), Planning  Advices Urban Climate Map of 

 the Environmental Atlas and the Concept for Adaptation to the Impacts of Climate Change 

 (  Konzept zur Anpassung an die Folgen des Klimawandels,  AFOK  ) (Berlin.de, 2015). 

 To begin, the  StEP Klima KONKRET  passed bySenUVK  in 2011 was one of the first 

 and most comprehensive Climate Urban Development plan in Berlin for raising awareness of 

 the issue of CC adaptation to experts and citizens alike in relation to the water-sensitive nature 

 of the city (AFOK, 2016, p.6). The plan detailed specific measures Berlin could embrace as a 

 guiding framework for CC adaptation. The framework concentrates primarily on urban areas 

 that are affected by climate change and dedicates to the themes of heat-adapted cities and 

 water-sensitive urban development. The main focus of the  StEP Klima KONKRET  is on 

 bioclimate, urban green space, water quality, heavy rains, and climate protection. Overall, it 

 aims to show how resilient urban development can enhance the quality of life in Berlin 

 (SenStadtUm, 2015). Some of the key general strategies this plan endorses for heat-adapted 

 and water-sensitive Berlin are: 

 I.  Optimizing the surface of the city and adjusting open space  . The sealed surfaces in 

 a city increase the urban heat effect. In addition, rainwater can not seep through easily 

 which can result in flooding. The measures proposed two ways to optimize the sealed 

 surface of the city. Firstly, through the use of technical drainage systems such as gray 

 infrastructure and secondly, to make the city surface suitable for flooding with the use 

 of blue-green infrastructure. The plan notes that the second measure is the most 

 valuable way to solve the issue not only because of the low-cost option it provides but 

 also because it promises further improvements in the quality of life in the face of 

 climate change through ways like heat insulation, cooling effects and aesthetic 

 enhancement.  Additionally, the plan’s proposal for adjusting open space is the 

 aggregate adjustment of traffic areas and green space. This is in the sense that these 
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 areas are potential for adaptation in terms of the heat-adapted and water-sensitive city. 

 For this to happen, traffic areas in the city can be used as a retention space or serve as 

 an infiltration area due to their trees and shades (see  Figure 23  ). 

 II.  Customizing building surfaces and blue-green roof measures  . The surface of 

 buildings in Berlin makes up a huge proportion of the city’s surfaces. These facades 

 hold potential for a heat-adapted, water-sensitive city that is untapped. Effectively 

 using the walls could realize potential. The  StEP  Klima KONKRET  proposal to realise 

 these potentials by greening, providing shade and increasing the albedo of buildings 

 (see Figures  18  &  19  ). All these measures can be implemented  at different scales from 

 in-extensive to extensive. Roofs are another important infrastructure to optimize. The 

 blue-green roof measures proposed by the plan to optimize the use of roofs are to turn 

 them into water gardens, and terraces. These measures provide them with more 

 solutions than the conventional roof types (see  Figure  17  ). 

 In addition, the  StEP Klima KONKRET  examines in detail  how to implement the 

 different strategies explained above in different context such as dense block perimeter 

 development, densification of row development, new apartment buildings, schools, 

 commercial and industrial areas, streets and squares, green and open spaces and other types of 

 structures in the city (see  Figure 22  ). It also proposes  what time of the day the distinct 

 measures are most effective (see  Figure 21  ). With  all these plans set out, this is where the 

 Berliner Regenswasseragentur  comes in. As examined  in  section 4.2  the  Berliner 

 Regenswasseragentur  was created with the aim to ensure  the decentralization of rainwater 

 management. According to Pearson [2022 Annex 8.1  No.27-29], the main aim of the agency 

 is not to implement the measures but to consult on which of the different measures fits a 

 particular structure best in the city. As a result, there is no definitive best strategy on which of 

 the solutions is the most effective - as any recommendations given, are based on the situation 

 properties analyzed by the agency which fall in line with the different dynamics analyzed in 

 these plans. It is also vital to note that, the  StEP  Klima KONKRET  links to other projects that 

 are dedicated to the issue of urban climate change (ibid p.13-15) such as the Land Use Plan 

 (2015), Berlin 2050 (2014). 

 Furthermore, the  Planning Advice Urban Climate Map of the Environmental Atlas 
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 (PHK), was developed with the aim to maintain and create an urban climate for humans. Its 

 main function is to highlight and map out areas in Berlin for optimum space classification 

 under aspects of climate and air hygiene (Berlin.de, 2015). This helps determine and provide 

 data on the areas of the city that are already suffering from climatic stress conditions and 

 where Berlin has potential for relief and how this can be solved in the course of the city's 

 structural development (Berlin.de, 2021). 

 Lastly,  the Concept for Adaptation to the Impacts of Climate Change (Konzept zur 

 Anpassung an die Folgen des Klimawandels, AFOK)  was developed under the leadership of 

 the Potsdam Institute for Climate Impact Research in 2016 and is also part of the Berlin 

 Energy and Climate Protection Program (BEK) 2030. The objective of this program maps out 

 the climate scenarios Berlin will experience in the future  (scale of 2050 and 2100) and 

 provides measures inclusive of those in the  StEP Klima  KONKRET  on how to confront the 

 situations in a broad base, including almost all sectors in the city (AFOK, 2016). 

 Financial incentive is another measure adopted by the Berlin government to boost the 

 implementation of the sponge city. Financial constraints are one of the main reasons for 

 slowing down the adoption of sponge city features (Qiao et al., 2018). As a result, the ways 

 proposed to solve this problem are twofold - firstly, through the stormwater fee. The 

 stormwater fee is a 1.80 euros per fee levied on households per every square metre of an area 

 connected to the sewage system (SenStadtUm, 2015). Households who manage their 

 rainwater on their property are exempted from this fee to the BWB  [Pearson, 2022 Annex 8.1 

 No.29-38]. Another measure is by subsidising individuals who wish to implement a sponge 

 city feature in their households. As a result, the government created programs such as 

 GründachPLUS  to incentivise rainwater construction  costs. ([Pearson, 2022 Annex 8.1 

 No.29-38]; Berliner Regenwasseragentur, 2019). Financial incentives have always been 

 crucial for promoting sponge city features in the past and direct support of subsidies has been 

 advantageous in convincing people to adopt and trust new technologies (Nickel et al., 2013, 

 p.17). In the present day, however, fees, non-financial incentives and regulations have been 

 the dominant effective measures (Nickel et al., 2013, p.17). 

 International-level policy framework;  Berlin also  takes climate protection 

 commitments at the international level seriously. Its membership in the EU gives it room to 

 comply with the EU Water Framework discussed in  section  3.2  . This framework has 



 28 

 encouraged Berlin to enhance its stormwater management measures (Nickel et al., 2013, 

 p.13). Also, Berlin participates in municipal alliances in and out of the European Union, a 

 connection it has formed since the 1990s for the development, exchange of joint climate 

 protection strategies, and promotion of sustainability strategies. These international 

 associations of cities and municipalities serve to exchange information on local climate 

 protection and sustainability strategies. Also, they represent a local interest in international 

 climate protection policy and diplomacy. Some of these networks Berlin is part of are C40, 

 ICLEI, Climate Alliance, and Covenant of Mayors for Climate and Energy (Berlin.de, 2022). 

 It is also important to note that, although they collaborate and share knowledge, they have 

 different local laws and landscapes therefore implementation differs  [Pearson, 2022 Annex 

 8.1  No.67-68] 

 4.2.3.1. Case Study: The Potsdamer Platz 

 With reference to the arguments raised in this dissertation in regards to the challenges of 

 implementing sponge city measures and how they can be implemented, it is, therefore, 

 necessary to look at a case study to better understand the clear picture. The case here is the 

 Potsdamer Platz. 

 The Potsdamer Platz (see  Figure 27  ) is a public square  and traffic intersection in the 

 city of Berlin. In its early beginnings, the city centre has always been a vibrant location 

 drawing the attention of various businesses, and activities of pleasure. Just like any other 

 symbolic masterpiece, it did not escape the wrath of WWII and with the subsequent division 

 of the city, it became the border zone and the wildest point of Berlin’s death strip. Left in its 

 ruins, it was a wasteland and of no interest to no one. After reunification, it began to gain 

 traction again. The reconstruction of the centre attracted many visitors and is considered to be 

 the largest urban construction in Europe in the 1990s (Potsdamer Platz, 2022). 

 The reconstruction of this masterpiece was done with the integration of the sponge 

 city in mind; that is, using sponge city features to retain water on site. The design goal was to 

 create a vibrant urban infrastructure for office use, leisure and recreational activities. The 

 features installed capture about 44.000m  2  of rainwater,  which is transported to various 

 cisterns from where it is used as grey-water. Water that runs along walkways and streetscapes 

 is strategically purified onsite by purification of integrated vegetated biotopes where the water 

 is biologically cleaned through retention, circulation, filtration and evaporation (see  Figure 
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 28  ) (DREISEITLconsulting GmbH, 2022; Nickel et al., 2013, p.14). 

 Sustainable design achievements of this project include 70% of carbon emission 

 reduction, 50% of primary energy saved compared to air conditioner systems, 20 cubic meters 

 of potable water saved, and 13.500 cubic meters of combined stormwater storage. To add, the 

 artificial lake created has the second-highest water quality in berlin. The green roofs and lakes 

 play a crucial role in the reduction of the urban heat island effect which averages about 2  o  C. It 

 has also provided a valuable amenity space to Berliners (DREISEITLconsulting GmbH, 

 2022). The design architecture has won several awards like the silver certificate of the 

 German Sustainable Building Council for its exemplary ecological design (Potsdamer Platz, 

 2022). Since its creation, Potsdamer Platz symbolizes the efficiency of integrated green 

 infrastructure and stormwater management design and development. It showcases a new 

 spectrum for revitalizing open spaces where prestigious architecture, city life and the beauty 

 of water are all in harmony (see  Figure 29  ) (DREISEITLconsulting  GmbH, 2022). 

 Furthermore, the problems and solutions this project depicts are as follows: firstly, the 

 Potsdamer Platz is an example of how with much intention, sponge city features examined in 

 the  adopted measures  could be applicable to already  existing areas. This is in reference to the 

 fact that one of the main challenges faced by the Berlin Rainwateragency is the application of 

 rainwater management systems in pre-existing areas due to limitations such as lack of space 

 [Pearson, 2022 Annex 8.1  No.41-44]. This goes further to portray that apartment buildings 

 already in existence have the extensive possibility of adopting the sponge city features. 

 Secondly, it also portrays how important it is to work with experts knowledgeable about urban 

 climatic situations as seen in  section 4.2.2  on the  role of private companies. This is in light of 

 the debate and misunderstanding during the construction phase of the Potsdamer Platz 

 between the Herbert Dreiseitl (construction manager) and the commission  (CEO of Daimler 

 Chrysler)  2  about bringing in rainwater management  features on-site (DREISEITLconsulting 

 GmbH, 2022). Moreso this can serve as a guiding principle between actors to unify a 

 consensus on climate action. 

 2  The owner of the Potsdamer Platz 
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 4.2.4. Results 

 The methodological approach adopted for this dissertation as elaborated in  section 1.2  is an 

 analytical framework. Analyzing the diverse data source consulted for the current situation of 

 the sponge city implementation in Berlin and from the interview conducted with Samuel 

 Pearson, environmental engineer and media representative of the Berlin Rainwateragency  (  see 

 Annex 8.1  ). It is evident that Berlin is making significant  progress towards the 

 implementation of the sponge city due to the adopted measures implemented by the actors 

 discussed above. Furthermore, the research question of this dissertation embarked to examine 

 how effective Berlin’s rainwater management strategy for CC adaptation and mitigation is. 

 Therefore, the concluding resolution to the research question is that; Berlin has adequate 

 rainwater management systems. These systems are adequate and not excellent because Berlin 

 has not fully achieved its potential for a water-sensitive city due to a number of limitations 

 and obstacles it faces which are discussed below. 

 To begin, Berlin faces the challenge of the lack of concrete implementation strategies. 

 The policy frameworks examined in the  adopted measures  are suggestions on the part of the 

 SenUVK of what stakeholders could do to implement the sponge city features in order to 

 confront the impacts of climate change. There are, however, no obligations for these 

 stakeholders to implement these measures (Zimmermann, 2016). Without these obligations, 

 realizing the goal of the sponge city for a heat-adapted, water-sensitive Berlin would be hard, 

 especially in relation to small-scale individual implementation, given the stake of the complex 

 dynamics of the real estate market on the part of the property owners examined in  section 

 4.2.2  . According to Pearson  [2022 Annex 8.1  No.45-48],  the government has some measures 

 to adjust this problem by implementing regulations on major renovations done on properties. 

 These regulations are, however, not effective enough as they are just regulations and not 

 mandatory. Nevertheless, Pearson notes that putting this regulation into law, is being 

 considered by the Berlin senate  [Pearson, 2022 Annex 8.1  No.45-52]. 

 Additionally, the lack of planning and organization, indicators and data tracking is 

 another limitation of the implementation of the sponge city. Berlin holds many CC 

 implementation plans it adopts at all levels, however, she fails to have concrete indicators and 

 measures to track the progress. This is fundamental because indicators are valuable for 

 guiding systems changes as they can be utilized to reduce ambiguity, enable clear and 

 effective communication, construct a vision and evaluate pathways towards desirable societal 
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 changes (McCool and Stankey 2004; Lehtonen et al., 2016 as cited in Rogers et al., 2020, 

 p.2). Taking this into account, even the Berlin Rainwater Agency, does not have these 

 tracking and implementation parameters. Pearson [2022 Annex 8.1  No.55-60] notes that the 

 main objective of the agency is to consult and not to track the progress of the project 

 consulted. Therefore it is hard to determine success or failure rates. Without clear indicators 

 and tracking parameters, it would be practically impossible to understand the implementation 

 rates of the sponge city. 

 Financial constraint is also one of the main issues limiting the implementation of the 

 sponge city in Berlin. Historically in the early stages of implementing green-blue 

 infrastructure, the Berlin senate had always provided financial subsidies to encourage people 

 to adopt green infrastructure. The senate however ended the program due to lack of funds 

 (Nickel et al., 2013, p.11-12). The recent financial measure of taxing the stormwater 

 management fee discussed in  section 4.2.3  might discourage  people since the pressure to 

 implement these strategies rests on individuals. Nevertheless, Pearson acknowledges that the 

 Berlin senate has a new program to finance green roof projects, especially for pre-existing 

 apartment buildings  [2022 Annex 8.1  No.55-60]. Analyzing the  GründachPLUS: Grüne 

 Dächer für grauen Bestand  program in details (Berliner  Regenswasseragentur, 2019), the 

 program is not sufficient enough to finance the level of sponge city adaptation Berlin needs. 

 This is due to the fact that the program sponsors just 1,000 green roofs for a city with about 2 

 million apartment blocks  (Trautvetter, 2021). The  adjustment of funding for the Berlin´s 

 adaptation process to becoming a sponge city will be crucial for its success. 

 4.3. Expectations for the next 5 to 10 years 

 The future expectation for the next 5 to 10 years can be understood in three stages. Firstly, 

 with regards to the UN SDG 13. Berlin has set out ambitious future climate action plans to 

 tackle assorted climatic impacts such as the Climate-Neutral Berlin 2045, Berlin Energy and 

 Climate Protection Programme 2030, and Berlin's goal: phasing-out coal by 2030 (SenUVK, 

 2022). With these measures put in place, it seems Berlin is taking crucial steps to accomplish 

 its climate goals. However, with the lack of indicators and tracking metrics, the full extent of 

 Berlin’s progress will be hard to determine. For instance, according to the  SenUVK (2022) 

 Berlin accomplished its 2020 climate goals before its due date and is set on the part to 

 accomplish the set 2030 climate targets. Comparing this data with that of the OECD in  section 

https://www.berlin.de/sen/uvk/en/climate-action/climate-neutral-berlin-2045/
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 4.2.1.  Berlin is behind the national German average to accomplish its climate targets taking 

 into account that Germany missed its 2020 climate goals (Rueter, 2021). 

 Secondly, in regards to the sponge city implementation, however, there are no concrete 

 plans for the future since the Berlin Rainwateragency does not track implementation progress. 

 Nonetheless, Pearson  [2022 Annex 8.1  No.63-66] notes that for the next five to ten years, it 

 would be good if the Berlin Rainwater agency does not exist because Berliners have learned 

 to manage their rainwater individually. Additionally, another expectation for the Berlin 

 Rainwater Agency is to be able to effectively implement rainwater management in preexisting 

 areas since it is one of the challenges they face [Pearson, 2022 Annex 8.1  No.63-66]. The 

 case study of the Potsdamer Platz in  section 4.2.3.1  elaborated on how this implementation 

 can be possible. 

 Lastly, based on the analyses carried out in this dissertation, if Berlin continues on the 

 current path of lack of clear organization, planning, indicators and metrics to track the 

 progress of implementing the sponge city features will be slow and devastating given the 

 future prospect of the volatility in climate change patterns. 

 5. Evaluation and recommendations 

 5.1. Evaluation 

 The UN SDG 13  used as a framework in this dissertation focused on actions geared towards 

 climate change enhancement which paved the way for the sponge city to be analyzed as an 

 incredible solution to solve the dual consequences (too much/too little water) of climate 

 change. Nonetheless, the targets and indicators of the goal are not sufficient enough to 

 evaluate the effectiveness of the implementation in Berlin since the goals cannot be properly 

 translated into measurable indicators due to conceptual complexities of how the indicators 

 measure up to the actual implementation (Breuer et al., 2019, p.9). Also, there is a lack of 

 transparency in data collection to measure the effectiveness of the SDG (ibid, p.9-10) as seen 

 in  section 4.3  of how diverse different datasets are  in measuring the SDG targets. 

 Moreover, the progress of the implementation of the sponge city in Berlin is quite 

 impressive if analysed based on a comparison of other cities in and out of Germany with 

 reference to measurement index such as that of Arcadis. This is evident with the high rank it 

 poses in diverse ranking systems for water management levels. Nevertheless, evaluating the 

 results based on the current situation examined above, the reality is different. This is in the 
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 sense that Berlin has various adaptation policies and frameworks, to guide stakeholders on the 

 implementation of sponge city features but falls short of measures such as concrete tracking 

 and indicators plans to monitor the effectiveness of the measures it has proposed. As a result, 

 it is definitely hard to get data and determine the implementation rates to properly evaluate the 

 successes or failures of the project. Nonetheless, despite these shortcomings, Berlin still has 

 great potential to resolve the shortcomings and enhance its progress towards achieving the 

 sponge city. As a result, this dissertation, suggests recommendations Berlin could adopt in 

 order to implement effective stormwater management strategies and systems. 

 5.2. Recommendations 

 With respect to the analysis made in this dissertation, it is clear that there are three main 

 trends limiting the successful implementation of the sponge city in Berlin which are: the lack 

 of concrete implementation strategies, the lack of planning and organization, and indicators 

 and data tracking and financial constraints. This section proposes some recommendations the 

 government of Berlin could embrace to efficiently speed up its route to becoming a sponge 

 city. 

 1.  Adopt clear goals, targets and indicators to track the progress of the sponge city 

 implementation. 

 The government of Berlin in order to have a clear vision of the sponge city implementation, 

 needs to elaborate on clear goals, targets and indicators to track progress. For this to happen, 

 the government shall; 

 a.  Implement the  Water Sensitive Cities Index  discussed  in  section 2.3  . This index was 

 developed by  Rogers et al., (2020, p10) to effectively  map the water management of 

 cities. The index contains 7 goals and 34 indicators (see  Figure 14  ) to measure the 

 performance of cities’ water management. Also, the index is set to provide reliable and 

 meaningful insight across different contexts such as temperate and tropical climates, 

 and dense and sparse populations. It is the same index used in Australia to guide cities 

 on how to become water sensitive which is proven to be effective. The Berlin senate 

 adopting this index as its standard could further boost the credibility of the index 

 making it a possible universal standard. This can prevent further worldwide ambiguity 

 in calculation metrics as cities are increasingly becoming aware of the importance of 

https://watersensitivecities.org.au/
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 water for CC adaptation and prepare their parts for sponge cities. 

 b.  Increase the human resources of the Berlin Rainwateragency. The adoption of a new 

 measurement system will not end there as there is need for constant updates on 

 progress. The Berlin Rainwateragency is just a team of  6 people for the population of 

 Berlin which is about 3.5 million people and growing. Increasing the number of 

 workers could enhance effective detailed planning, organization and tracking. 

 2.  Adopt concrete implementation strategies. 

 As discussed in  section 4.2.4  ,  Berlin´s plans for  a sponge city are guidelines of what 

 stakeholders could do. There are no obligations to enforce adaptation. And as such it is not 

 taken seriously. For concrete measures to evolve in the sponge city, Berlin shall: 

 a.  Implement into law the obligations to include green features in new areas that are 

 being constructed in the city. This measure also applies to pre-existing areas that 

 undergo reconstruction. 

 b.  The senate shall pay equal attention and priority in the sponge city concept for climate 

 change adaptation as it pays to other issues like energy transition. This is due to the 

 fact that water is an integral part of livelihood and has proven to be very effective in 

 CC adaptation. 

 c.  Increase the power and capability of the Berlin Rainwater Agency. At the moment, the 

 agency is just responsible for consultation at the early stages of projects. They are not 

 authorised to analyse data about actual implementation. Increasing the power of the 

 agency could make data collecting and processing easier. 

 3.  Increase the financial budget for the sponge city implementation 

 The current financial plans such as the stormwater fee and the  GründachPLUS: Grüne 

 Dächer für grauen Bestand  are not proven to be an  effective financial incentive to assist in the 

 implementation of the sponge city. As a result, the government shall enhance financial options 

 such as: 

 a.  Increase the funding budget of programs for sponge city implementation such as that 

 of the  GründachPLUS: Grüne Dächer für grauen Bestand  to match the proportion of 

 people needing to improve the strategy. 

 b.  Make funding more available to people with low-income. Programs such as the 
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 GründachPLUS: Grüne Dächer für grauen Bestand  do not differentiate income 

 variation with people that can apply for funding as anyone authorized to apply 

 irrespective of funding can apply. Creating a barrier on income level could increase 

 the chance of people who do not have sufficient income to implement their own 

 strategies. 

 6. Conclusion 

 This dissertation analysed the implementation of the sponge city concept for climate change 

 adaptation and mitigation in Berlin in the framework of the UN SDG 13. From the literature 

 review, it is clear that the sponge city is a diverse concept used in various acronyms by 

 different countries. The concepts however all set out to acknowledge the importance of 

 integrating and accepting water into the city instead of rejecting it. Although the sponge city 

 concept is an adequate climate action measure, it is not perfect as it encompasses several 

 limitations in relation to diseases and carbon emissions. The global situation on the 

 implementation of the sponge portrayed how low-income countries are particularly slow in 

 the adaptation of the sponge city due to constraints like lack of financial as well as human 

 resources. 

 The case of Berlin examined in this dissertation proved that historically Berlin had 

 always been keen on environmental care. Present reality demonstrates that Berlin is taking 

 impressive measures to become a sponge city in combination with actors involved in the 

 process and the adopted measure she has taken to realise the sponge city goal. Despite this 

 effort, results depict that progress to widely implement the sponge city is slow due to reasons 

 such as lack of indicators, policy measures and financial contracts. This dissertation proposes 

 concrete solutions Berlin could implement to effectively become a sponge city such as the 

 adoption of indicators and the incrementation of the financial budget. 

 The importance of efficiently adapting and learning to live with water cannot be 

 overstressed. Water is universal and it is a crucial element in sustaining life on earth. 

 Although it holds the power to stabilise life on earth, it also holds a very destructive force. 

 With the variation in weather conditions, CC impacts are going to be immense, affecting areas 

 with too much / too little water. This implies that humans can not runway from the impact but 

 learn to adapt. 
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 Analysing the case of Berlin is important as it reflects the fact developed worlds also 

 face challenges in combating climate change. Berlin successfully adopting the sponge city 

 will set itself as an example for countries to follow for successfully implementing the sponge 

 city concept in the wake of the impacts of CC. 

 - 
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 8. Annexes 

 8.1. Brief bio of interview and interview transcript 

 On May 05 2022, I conducted an audio call interview with Mr Pearson Samuel, representative 

 of the Berliner Wasserbetriebe. Mr Pearson Samuel is an environmental engineer working for 

 the Berliner Wasserbetriebe, the agency responsible for the implementation of decentralised 

 rainwater management in Berlin. The interview was conducted with the aim to understand the 

 work of the Berliner Wasserbetriebe and also to get insight into the strengths and weaknesses 

 they face which will enhance information for this dissertation. 

 The exchanges between Mr Pearson and I (Telma), are numerically numbered for easy 

 referencing - since it was not a time-stamped interview because it was not recorded, rather 

 notes were taken. The declarations in the transcript reflect the actual interview. 

 Sections of this interview are cited in this dissertation and are referenced as [Pearson, 2022 

 Annex 8.1  No. …] depending on the number sequence. 

 Full Citation: Pearson Samuel. 2022. Berlin Rainwater Agency. Audio call interview via 

 Circuit app on 05/05/2022. 

 [1] Telma Nzams:  Good morning Mr Samuel, can you please  introduce yourself and tell me 

 what you do? 

 [2] Samuel Pearson:  My name is Samuel Pearson, I am  an environmental engineer and I 

 work for the Berlin Rainwater agency, which is a joint initiative of the Berlin Waterworks 

 company in Germany. Our goal is mainly to promote decentralised rainwater management in 

 Berlin. 

 [3] Telma Nzams:  Ok thank you very much. 

 [4] Samuel Pearson:  Also, one of our main tasks is planning in the early stages and also 

 consulting but also to do some press work - so to sensitize the public on rainwater 

 management. 
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 [5] Telma Nzams:  Thank you very much. That was a very  detailed introduction. Moving on, 

 what do you know about the sponge city approach to climate change adaptation and 

 mitigation? 

 [6] Samuel Pearson:  So I think from what we are talking  about, the sponge city approach is 

 more climate change adaptation than mitigation. Of course, improving measures. For 

 example, if you have a tree in one of the decentral rainwater management measures, that of 

 course also is also mitigation but not on a big scale. So the focus of decentral rainwater 

 management is the adaptation and not the mitigation. Yea, I think the question is kind of broad 

 so it is hard to answer but I do know what the sponge city approach is. 

 [7] Telma Nzams:  Would you say the rainwater management  falls under the sponge city 

 approach? 

 [8] Samuel Pearson:  yea, for sure. 

 [9] Telma Nzams:  How effective is the rainwater management  strategy for climate change 

 adaptation and mitigation that the Rainwater Agency is doing? 

 [10] Samuel Pearson:  As I mentioned before, it does  not have a big effect on the mitigation 

 but definitely on the adaption. It also is of course a part of when you think of heavy rainfalls 

 that also works in that area but it is a part of that. In climate change adaptation, the rain is 

 only one part of it. You also still have other measures that have to be implemented. For 

 example, we need more shade in cities, and you also have to keep fresh air in the city - so it is 

 only one part of climate adaptation but it is an important one. Not only for the heat but also 

 for example for the rivers or the different water bodies that we have here in Berlin. 

 [11] Telma Nzams:  So if I understand you well, you  are trying to say this rainwater 

 management strategy is also geared towards reducing the pollution in the city and also tackle 

 other climate adaptation measures? 
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 [12] Samuel Pearson:  Can you repeat the sentence? I didn't understand it completely. 

 [13] Telma Nzams:  Okay, from what I understood from  what you just said, is it that the 

 rainwater management strategy also helps to reduce the pollution in the city and also helps in 

 river management? 

 [14] Samuel Pearson:  I still did not understand the  second part, I think that was an essential 

 [laughs] phrase. You understood that the rainwater management strategy is helping to reduce 

 pollution within the city? 

 [15] Telma Nzams:  Yes 

 [16] Samuel Pearson:  Yes, it does help. 

 [17] Telma Nzams:  Who are the main actors that the  Berlin Rainwater Agency works 

 with/for? 

 [18] Samuel Pearson:  What is quite important to know  is that it is kind of a multistakeholder 

 approach to rainwater management because you need a lot of departments and institutes and 

 also a lot of companies working together. So we work with all of these kinds of networks. We 

 work with the Berlin senate which has a wider department, an environmental department, 

 people responsible for parks and so on. So depending on which area you are planning and 

 who possess that area, you also have to work with that person. That could also be somebody 

 private but also, the waterworks company is often involved. Also, you have some big players 

 such as state-owned housing companies, and also not state-owned, you also have schools. 

 Depending on who is implementing it or where there is a big change happening, or if 

 something new is built, or you are changing pre-existing infrastructure, rainwater 

 management is in and sometimes we do not have any right to look into project 

 implementation. The environmental department sets the guidelines for our task. We mainly 

 consult. So, people come to us or involve us in the planning process and then we consult. 
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 [19] Telma Nzams:  That is very interesting! Is your agency taking into account SDG 13 in its 

 current strategies? If so, how? Am sure you are familiar with the SDGs? 

 [20] Samuel Pearson:  Yes! I am familiar with the SDGs  [laughs]. I am not sure if SDG 13 is 

 the main one as it is a climate measure. I do not know how much it involves the climate 

 adaptation measures but you can tell me more about that if that is a big part of the SDG 13. 

 [21] Telma Nzams:  Okay. 

 [22] Samuel Pearson:  I was thinking about the SDGs,  I was thinking of the SDGs 11 which 

 is, we are focusing on cities. 

 [23] Telma Nzams:  That is it. One thing with the SDG  is that they are so interconnected 

 [24] Samuel Pearson:  Yea, yea! They are definitely  interconnected. I know that for sure. 

 There are also these trees where the SDG is in the middle, you have the second layer, the third 

 layer and so on. Yes of course!. What we try to do is promote rather blue-green measures that 

 are focused on for example measures that are built out of concrete. So, it is a part but is not 

 the essential part. But we have various <indiscernible> for example, we are trying to be 

 transparent with our work and we try not to only take the rainwater management into account 

 we try to look at the intersecting sector. We do try to have a holistic approach. 

 [25] Telma Nzams:  That is really interesting because  from what I was thinking since i am 

 working on the SDG 13 is just like mainly climate action - so like what are the actions that 

 cities are taking, to adapt to climate change. Talking about SDG 11, it is also interconnected 

 with cities but I just wanted to focus on the climate action part of it so it really makes sense. 

 And about the holistic approach you mentioned, i think it is really important because that is 

 what the sponge city is about - to bring all the water measures to make cities sustainable. 

 [26] Samuel Pearson:  yes. Definitely, which is also  a part is that they are measures that kind 

 of address, different factors, we also have one area that is kind of, in German, we say 
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 <indiscernible> It is an area that has like multiple functions and multiple purposes and I think 

 that is quite important that these measures exist. 

 [27] Telma Nzams:  That is perfect! I know there are  many different strategies of rainwater 

 management, so what would you say are the most effective rainwater management techniques 

 your agency has taken so far? Which one do you think functions the best? 

 [28] Samuel Pearson:  as I already mentioned, we do  not implement measures ourselves, so 

 we consult mainly so it is hard to say or you can not say that there is one very effective 

 rainwater management technique. The best technique is properly a flexible one. You look at 

 an area, what is needed, how are those circumstances regarding this area so that you look 

 okay, do we need water for irrigation <indiscernible> you look for what you need. For 

 example, if you need rainwater for irrigation, you can save that later rather than putting it in 

 the ground for it to go to the groundwater flow. You just have a closer look of what is needed 

 and address the problem. You look at the different factors and rainwater management. you 

 have to look at the circumstances closely in order to choose an approach and that you 

 definitely need a goal. You have to invest time into that. Part of the process for sure, and 

 depending on how good you do that, that is how effective the rainwater management 

 technique is gonna be. 

 [29 ]Telma Nzams:  Wow! That is really interesting,  I thought there was this one box 

 approach that can be applied everywhere so it is really interesting to see the perspective on 

 that it depends on the landscape and on the situation of the project to see what works best. I 

 did not think about that. Can you describe how funding individual rainwater management 

 works? 

 [30] Samuel Pearson:  Yeah. That also depends on the  area where it is implemented. So if, for 

 example, you yourself, I think you said you are gonna do your exchange here in Berlin or in 

 Germany? 

 [31] Telma Nzams:  Yea 
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 [32] Samuel Pearson:  Yea, if you would buy a house in Berlin and if you would let me say 

 like, oh the rainwater is still falling into the canal instead of keeping it here, - following the 

 sponge city approach, you would implement measures then you would be the one paying for 

 it. But there are multiple kinds of funds depending on which area you are on, if it is 

 state-owned, then they take from these funds but if it is, if you have an investor who is taking 

 care of the land and building something, then he has the initial, has to carry the initial funding 

 for the area. So it will depend on what is happening and where it is happening. 

 [33] Telma Nzams:  So what if someone really wants  to implement the approach but does not 

 have the funding to do so, the person can apply for funding from the government to help? 

 [34] Samuel Pearson:  hmmm, there is a green roof program,  that we have implemented in 

 Berlin, that funds also green roofs, so you can have a closer look at that one to use to do your 

 research. 

 [35] Telma Nzams:  Okay 

 [36] Samuel Pearson:  It’s called [German word] program,  so that kind of funds green roofs 

 which is also one of the measures that are effective in rainwater management. You also do not 

 have to pay for like the fee you pay to the Berlin waterworks company every time that, it 

 depends on how much you earned, you possess or how much land kind of flows into the canal 

 and that is about 1.80 euros per square metre which means if you are able to keep the 

 rainwater on your property, then you don’t have to pay this when your 80 per square metre, 

 for example, if it would be hundred square metres then it would be 180 euros per year, you do 

 not have to pay anymore. So that is kind of yea. Also, that has to take into account, when you 

 do like how much it cost, what is the benefit of implementing rainwater management. 

 [37] Telma Nzams:  please, can you help me spell the  [German word] I am not good at 

 german spellings. So that would be [try to spell German word] 

 [38] Samuel Pearson:  Hmmm, I can send you the link  afterwards. 
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 [39] Telma Nzams:  Okay thank you. What would you say are the main goals of your agency 

 regarding rainwater management for Berlin? What do you aim towards? 

 [40] Samuel Pearson:  So what we do is we raise awareness,  that is also one of our jobs. 

 Therefore, we also compile available information. And we are also a facilitator which means 

 that we are kind, because we have this multi-stakeholder landscape that we work in, if there 

 are problems in the process, and we are also, the agency could try to support in that area. But 

 also we consult. It is one of our main goals is kind of implement rainwater management in the 

 early stages of the entire process. And what we are also trying to do is to support new 

 methodologies - for example, when you have streets, you implement the rainwater 

 management, also in the new street that is being built or one that you have that is pre-existing 

 and construction of whatever in, therefore, it change the, there is a name change. We also kind 

 of try to implement new solutions for example, usually, when you implement a rainwater 

 management measure on your own property, but there are also, there might be options that are 

 made by the, that are beneficial if you do not only look at your property but may be asked the 

 neighbour or somebody else who has a property next to you if you may maybe might do it 

 together might be more of a solution. That is one of our goals. 

 [41] Telma Nzams:  I think that is really interesting.  So what are the challenges your agency 

 has faced and is facing to fully accomplish its goals? 

 [42] Samuel Pearson:  the rainwater management is working  quite good in the new areas, so 

 the new areas, of course, are being built, they are there, the rainwater management approach - 

 the decentralised rainwater approach kinds of works quite well but what is still quite difficult 

 is implementing the rainwater measures [laughs] in pre-existing areas 

 [43] Telma Nzams  oh so [interrupts] go-ahead 

 [44] Samuel Pearson:  yea so i think that is one of  the difficulties because it is still hard to get 

 to them and of course we have less space because the space  for the measure needs space and 

 the space isn't always there and you will have to find it. It is not that easy. 
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 [45] Telma Nzams:  That is really really interesting. Talking about these new places and new 

 locations, I sent you an article 

 (  https://www.dw.com/en/sponge-city-berlin-plans-for-a-hotter-climate/a-19420517  ) about 

 there not being a deal with the government and real estate developers. Real estate developers 

 are still building buildings without these rainwater measures in mind. 

 [46] Samuel Pearson:  I read the article but did not  understand the question. Can you 

 elaborate on that? 

 [47] Telma Nzams:  from what I understood from the  article, it is just like the rainwater 

 management is important and as you were saying, the challenges you face are more in the old 

 areas trying to find space which means in the new areas, you find it more easier to implement 

 the strategies. So now, we have real estate developers and people building and the report is 

 saying they are not putting these measures in place because there is no law, guidelines like 

 forcing them (new people building) to implement these measures. So how do you see that? 

 [48] Samuel Pearson:  so, there is not a law but there  is a regulation that when you do a 

 measure for example, you have a house and you want to put in another floor then you also 

 have to implement decentralize rainwater management. That case probably, one would build 

 maybe a green roof ontop. So the regulation is called [German word]. I am gonna also send 

 you the link. It might be quite interesting. 

 [49] Telma Nzams:  okay thank you. 

 [50] Samuel Pearson:  yes! So every time that you do  a major reconstruction, then you also 

 have to implement the rainwater management. That is kind of a way to get to the preexisting 

 areas, the prebuilt areas. Putting that into law I think it is being checked in Berlin probably. 

 That is one way how this can be achieved. 

 [51] Telma Nzams:  so you would say that is a work-in-progress  to implement it into law. 

https://www.dw.com/en/sponge-city-berlin-plans-for-a-hotter-climate/a-19420517
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 [52] Samuel Pearson:  yes that is a work in progress the state of Berlin is taking care of in 

 regards to rainwater management. 

 [53] Telma Nzams:  that is related to the eleventh  question that, New construction projects are 

 going on daily in the city. Are they in light of these water management strategies? If not 

 why?. So from the above we conclude that this process is still ongoing. Moving forward to the 

 twelveth question, According to some information on your website 

 (  https://www.regenwasseragentur.berlin/regenwasser-grundstueck/  ),  many people are unaware 

 of rainwater management - what strategies does your agency proposes to raise awareness 

 about rainwater management? 

 [54] Samuel Pearson:  yes! We kind of have multiple  channels: we have a newsletter of 

 course, we have more than a thousand people. We also post ads on social media, we give 

 press interviews, we also write articles for magazines, and we also have an information 

 channel kind of like an online event that takes place two or three months that we brief people. 

 But we also of course, we also help and consult people. So everybody who lives in Berlin and 

 needs information can always contact us and we try to find an appointment and consult them 

 on their projects or we also participate in for example with the boot at events also to raise 

 awareness. That are quite a few measures. 

 [55] Telma Nzams:  I think that is interesting. What  are the main indicators the agency takes 

 into account to assess the performance of the rainwater management strategies they 

 implement? I understand that you do not implement but consult. So what are the indicators 

 you try to use to say okay this was a success?. 

 [56] Samuel Pearson:  we of course monitor how many  consults we have that for sure and 

 how many areas we are active. Like the quarters kinds of. Those are somethings to include. 

 When it comes to consulting, it is not that easy to keep a success or implementation rates 

 really. 

 [57] Telma Nzams:  so you would say? I did not quite  get the indicators you used. Can you 

 repeat please? 

https://www.regenwasseragentur.berlin/regenwasser-grundstueck/
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 [58] Samuel Pearson:  Yea. we of course track how many  consults we have. 

 [59] Telma Nzams:  when you track it, what makes you  know this was success, failures? 

 According to the consults you do. 

 [60] Samuel Pearson:  that is because, we kind of consult  at an early stage of the process, we 

 do not know the turnout at the end. For example, if you come to us because you are building a 

 house or you are having a big construction and you say like ohhh, the landscape of the garden 

 is being changed anyway why not implement rainwater management in the process and we 

 can consult you but of course, you are not, do not have to tell us how it turns out in the end 

 because we are not an institution that has the right to know the outcome. 

 [61] Telma Nzams:  okay. That is great. My next question  was what are the 

 successes/implementation rates of your agency’s rainwater management systems taking into 

 account its creation in 2018?. I will skip that since you just said it is not in your area/line of 

 work at the agency. So we move forward to the fifteen questions. What are the results of the 

 projects you are most proud of or consulted and why? 

 [62] Samuel Pearson:  it is also a difficult question  because we kind of do a lot. I do not know 

 if you have taken a closer look at our website but we do have a lot of information materials 

 that is addressed to different stakeholders. For example, one that addresses how do you 

 implement rainwater management in the early process and which steps you have to take into 

 account and which other factors, but probably those mainly based with consulting work, we 

 get a good feedback on that one too. It is kind of hard to confine it to one [laughs] 

 [63] Telma Nzams:  yea, yea. That is interesting. From  all what you have said, what are the 

 future goals of your agency and how do they plan to accomplish them? We are talking like 

 five to ten years from now. 

 [64] Samuel Pearson:  ohh five or ten years? [laughs],  that is a good one. Of course, it will be 

 good if the rainwater agency does not exist in five or ten years because good projects or good 
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 agency does its work and it is not necessary anymore [laughs]. Though that would maybe be a 

 goal [laughs]. You know that the rainwater management is well implemented in the 

 pre-existed areas, or will be strong implemented in the pre-existing areas but also in the new 

 areas is already done quite well already that its made. Maybe the problem that exists right 

 now, the solution that comes with the rainwater management, that is more known, and more 

 an issue maybe that. 

 [65] Telma Nzams:  So you mean to be able to implement  rainwater management in remote 

 areas, in areas that are not new? 

 [66] Samuel Pearson:  yea! That one. And of course,  if there is something under 

 reconstruction if it is streets and so on, then it is always taken into account. And that not only. 

 [67] Telma Nzams:  That is perfect. How have you collaborated  with other cities in and out of 

 Germany? If not, why? 

 [68] Samuel Pearson:  of course, we have exchanges  with different cities for example 

 Amsterdam, there is also something similar there as the rainwater agency in Berlin. We also 

 working with other German cities with Hamburg, or in the [German word]. We are also quite 

 active in rainwater management sector. So it is collaborative, it is a big board but of course, it 

 is different because they have different laws, they have different areas but of course, we have 

 exchange knowledge. 

 [69] Telma Nzams:  Alight, that is very interesting.  Being critical of your work, which are the 

 recommendations you think could improve the results you have achieved so far? 

 [70] Samuel Pearson:  that is also a difficult question  [laughs]. It is hard because we are a 

 small team. I do not know if you have taken a look at our website or not. 

 [71] Telma Nzams:  yes I have. I think you are a team  of 5 people 



 64 

 [72] Samuel Pearson:  we are not many people so we try to address a lot of stakeholders but 

 of course, there is still potential to reach more [laughs] for example we are now in the process 

 of addressing industrial areas more strongly. So that definitely is room for improvement. 

 [73] Telma Nzams:  okay. Thank you. That will be the  end of my interview questions. Do you 

 have any questions you would like to ask me, any doubts or anything? 

 [74] Samuel Pearson:  no, but if you could send me  like the first five minutes you recorded, 

 that would also be good. 

 [75] Telma Nzams:  Okay will do so. Thank you very  much and I will wait for the links. 

 [76] Samuel Pearson:  I will also send you the two  links that I mentioned. 

 [77] Telma Nzams:  thank you very much. 

 [78] Samuel Pearson:  have a nice day! 

 [79] Telma Nzams:  bye! Thank you very much. 
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 8.2. Annexe data to support the dissertation 

 Figure 5.  Distribution of (a) number of disasters,  (b) number of deaths and (c) economic 
 losses by hazard type by decade globally 

 Source:  WMO, 2021, p.19 
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 Figure 6.  Schematic illustration of the water cycle  on the Earth. Water storages (from Table 1) 
 are indicated by boxes. Approx- imate fluxes (for 1989–1992) are represented by arrows. 

 Source:  Oki et al., 2004, p.3 

 Figure 7.  The UN’s Sustainable Development Goals 
 Source:  UN, 2015 

https://sdgs.un.org/
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 Figure 8.  Weather by month/weather averages Berlin 
 Source:  Climate-data.org, 2022 

 Figure 9.  Location of pilot sponge cities in China 
 Source:  Li et al., 2017, p.3 
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 Figure 10.  Human-induced warming reached approximately  1°C above pre-industrial levels in 
 2017. At the present rate, global temperatures would reach 1.5°C around 2040. Stylized 1.5°C 
 pathway shown here involves emission reductions beginning immediately, and CO2 emissions 

 reaching zero by 2055. 
 Source:  Idris et al., 2018 

 Figure 11.  Evolution of new urban drainage terminology  in the 32 years from 1980 to 2012. 
 The data were extracted from Google Scholar on 23/09/2012. The terms were searched as 

 exact phrases (in Scholar’s advanced search option) and included only those that were 
 accompanied by the term “stormwater” (or eaux pluviales int the case of the French term, 

 Techniques Alternatives, translated here as alternative technique). 
 Source:  Fletcher et al., 2014, p.534 
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 Figure 12.  Notable water-related indicators. These  references cite in this table (Chaves and 
 Alipaz, 2006; Cohen and Sullivan, 2010; Falkenmark et al., 1989; Gerten et al., 2011; Gleick, 
 2009; Hara et al., 2009; Jiménez-Cisneros, 1996; Okazawa et al., 2011; Smits and Steedndijk, 

 2013; Sullivan, 2002; Sullivan and Meigh, 2006; U.S. Environmental Protection Agency 
 2002). 

 Source:  Rogers et al., 2020, p.4 
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 Figure 13.  Three elements to a sustainable city 
 Source  : Arcadis, 2016 
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 Figure 14  . Water Sensitive City index goals and strategic  objectives 
 Source:  Rogers et al., 2020, p.7 
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 Figure 15.  Urban Water Transition Framework 
 Source:  Brown et al., 2009, p.850 

 Figure 16.  Number of people living in urban and rural  areas, World 
 Source:  Ritchie & Roser, 2019 
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 Figure 17.  Potential of the roof design 
 Source:  SenStadtUm, 2015 
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 Figure 18.  Facade design potential 
 Source:  SenStadtUm, 2015 
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 Figure 19.  Potential through increased reflection 
 Source:  SenStadtUm, 2015 
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 Figure 20.  Cooling potential through urban wetlands  elements 
 Source:  SenStadtUm, 2015 
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 Figure 21.  Cooling effect of adaptation measures in  the course of the day 
 Source:  SenStadtUm, 2015 
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 Figure 22.  Adjust adjustment of city structure type 
 Source:  SenStadtUm, 2015 
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 Figure 23  . Potential for green and open space 
 Source:  SenStadtUm, 2015 
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 Figure 24.  Design base for strategic for enabling  the transition to a water sensitive city 
 Source:  Ferguson et al., 2013, p.42 
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 Figure 25.  (a) Location of Berlin within Germany,  (b) Berlin’s topographic structure and 
 surface water systems; © land use types including the waterworks and sewage treatment 
 plants in and around the city’s boundaries (BWB, 2019a); and (d) geology. Data sources 

 basemaps: BGR (2007): GeoBasis-DE/BKG (2013, 2019) 
 Source:  Kuhlemann et al., 2020, p.3760 
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 Figure 26.  Overall rankings: The world's most sustainable  cities for water. 
 Source:  Arcadis, 2016 
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 Figure 27.  Potsdamer Platz Berlin 
 Source:  Potsdamer Platz, 2022 
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 Figure 28.  Potsdamer Platz rainwater management on  site 
 Source:  DREISEITLconsulting GmbH, 2022 

 Figure 29.  Potsdamer Platz urban blue-green grids 
 Source:  DREISEITLconsulting GmbH, 2022 
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 Tables 

 Targets  Target Aim  Target Indicator 

 Target 13.1  Strengthen resilience and adaptive 

 capacity to climate-related hazards 

 and natural disasters in all 

 countries 

 13.1.1 Number of deaths, missing persons and 

 directly affected persons attributed to disasters per 

 100,000 population 

 13.1.2 Number of countries that adopt and 

 implement national disaster risk reduction strategies 

 in line with the Sendai Framework for Disaster Risk 

 Reduction 2015–2030 

 13.1.3 Proportion of local governments that adopt 

 and implement local disaster risk reduction 

 strategies in line with national disaster risk 

 reduction strategies 

 Target 13.2  Integrate climate change measures 

 into national policies, strategies 

 and planning 

 13.2.1  Number of countries with nationally 
 determined contributions, long-term strategies, 
 national adaptation plans and adaptation 
 communications, as reported to the secretariat of the 
 United Nations Framework Convention on Climate 
 Change 

 13.2.2 
 Total greenhouse gas emissions per year 

 Target 13.3  Improve education, 

 awareness-raising and human and 

 institutional capacity on climate 

 change mitigation, adaptation, 

 impact reduction and early 

 13.3.1  Extent to which (i) global citizenship 
 education and (ii) education for sustainable 
 development are mainstreamed in (a) national 
 education policies; (b) curricula; (c) teacher 
 education; and (d) student assessment 

 13.3.2  Number of countries that have communicated 
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 warning  the strengthening of institutional, systemic and 
 individual capacity-building to implement 
 adaptation, mitigation and technology transfer, and 
 development actions 

 Target 13.a  Implement the commitment 

 undertaken by developed-country 

 parties to the United Nations 

 Framework Convention on 

 Climate Change to a goal of 

 mobilizing jointly $100 billion 

 annually by 2020 from all sources 

 to address the needs of developing 

 countries in the context of 

 meaningful mitigation actions and 

 transparency on implementation 

 and fully operationalize the Green 

 Climate Fund through its 

 capitalization as soon as possible 

 Target 13.b  Promote mechanisms for raising 

 capacity for effective climate 

 change-related planning and 

 management in least developed 

 countries and small island 

 developing States, including 

 focusing on women, youth and 

 local and marginalized 

 communities * Acknowledging 

 that the United Nations 

 Framework Convention on 

 13.b.1 

 Number of least developed countries and small 

 island developing States with nationally determined 

 contributions, long-term strategies, national 

 adaptation plans and adaptation communications, as 

 reported to the secretariat of the United Nations 

 Framework Convention on Climate Change 
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 Climate Change is the primary 

 international, intergovernmental 

 forum for negotiating the global 

 response to climate change. 

 Table 1.  SDG 13 Targets and Indicators 
 Source:  UN, 2015 

 Targets  Target Aim  Target Indicator 

 Target 6.1  By 2030, achieve universal and equitable access 

 to safe and affordable drinking water for all 

 6.1.1 Proportion of population using safely 

 managed drinking water services 

 Target 6.2  By 2030, achieve access to adequate and 

 equitable sanitation and hygiene for all and end 

 open defecation, paying special attention to the 

 needs of women and girls and those in 

 vulnerable situations 

 6.2.1 Proportion of population using safely 

 managed sanitation services, including a 

 hand-washing facility with soap and water 

 Target 6.3  By 2030, improve water quality by reducing 

 pollution, eliminating dumping and minimizing 

 release of hazardous chemicals and materials, 

 halving the proportion of untreated wastewater 

 and substantially increasing recycling and safe 

 reuse globally 

 6.3.1  Proportion of domestic and industrial 

 wastewater flows safely treated 

 6.3.2  Proportion of bodies of water with 

 good ambient water quality 

 Target 6.4  By 2030, substantially increase water-use 

 efficiency across all sectors and ensure 

 sustainable withdrawals and supply of 

 freshwater to address water scarcity and 

 substantially reduce the number of people 

 6.4.1  Change in water-use efficiency over 

 time 

 6.4.2  Level of water stress: freshwater 

 withdrawal as a proportion of available 



 88 

 suffering from water scarcity  freshwater resources 

 Target 6.5  By 2030, implement integrated water resources 

 management at all levels, including through 

 transboundary cooperation as appropriate 

 6.5.1  Degree of integrated water resources 

 management implementation (0-100) 

 6.5.2  Proportion of transboundary basin area 

 with an operational arrangement for water 

 cooperation 

 Target 6.6  By 2020, protect and restore water-related 

 ecosystems, including mountains, forests, 

 wetlands, rivers, aquifers and lakes 

 6.6.1  Change in the extent of water-related 

 ecosystems over time 

 Target 6.a  By 2030, expand international cooperation and 

 capacity-building support to developing 

 countries in water- and sanitation-related 

 activities and programmes, including water 

 harvesting, desalination, water efficiency, 

 wastewater treatment, recycling and reuse 

 technologies 

 6.a.1  Amount of water- and sanitation-related 

 official development assistance that is part of 

 a government-coordinated spending plan 

 Target 6.b  Support and strengthen the participation of local 

 communities in improving water and sanitation 

 management 

 6.b.1 

 Proportion of local administrative units with 

 established and operational policies and 

 procedures for participation of local 

 communities in water and sanitation 

 management 

 Table 2.  SDG 6 Targets and Indicators 
 Source:  UN, 2015 



 89 

 Targets  Target Aim  Target Indicator 

 Target 11.1  By 2030, ensure access for all to adequate, 

 safe and affordable housing and basic 

 services and upgrade slums 

 11.1.1  Proportion of urban population living in 

 slums, informal settlements or inadequate 

 housing 

 Target 11.2  By 2030, provide access to safe, affordable, 

 accessible and sustainable transport systems 

 for all, improving road safety, notably by 

 expanding public transport, with special 

 attention to the needs of those in vulnerable 

 situations, women, children, persons with 

 disabilities and older persons 

 11.2.1  Proportion of population that has 

 convenient access to public transport, by sex, 

 age and persons with disabilities 

 Target 11.3  By 2030, enhance inclusive and sustainable 

 urbanization and capacity for participatory, 

 integrated and sustainable human settlement 

 planning and management in all countries 

 11.3.1  Ratio of land consumption rate to 

 population growth rate 

 11.3.2  Proportion of cities with a direct 

 participation structure of civil society in urban 

 planning and management that operate 

 regularly and democratically 

 Target 11.4  Strengthen efforts to protect and safeguard 

 the world’s cultural and natural heritage 

 11.4.1  Total per capita expenditure on the 

 preservation, protection and conservation of all 

 cultural and natural heritage, by source of 

 funding (public, private), type of heritage 

 (cultural, natural) and level of government 

 (national, regional, and local/municipal) 
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 Target 11.5  By 2030, significantly reduce the number of 

 deaths and the number of people affected 

 and substantially decrease the direct 

 economic losses relative to global gross 

 domestic product caused by disasters, 

 including water-related disasters, with a 

 focus on protecting the poor and people in 

 vulnerable situations 

 11.5.1  Number of deaths, missing persons and 

 directly affected persons attributed to disasters 

 per 100,000 population 

 11.5.2  Direct economic loss in relation to 

 global GDP, damage to critical infrastructure 

 and number of disruptions to basic services, 

 attributed to disasters 

 Target 11.6  By 2030, reduce the adverse per capita 

 environmental impact of cities, including by 

 paying special attention to air quality and 

 municipal and other waste management 

 11.6.1  Proportion of urban solid waste regularly 

 collected and with adequate final discharge out 

 of total urban solid waste generated, by cities 

 11.6.2  Annual mean levels of fine particulate 

 matter (e.g. PM2.5 and PM10) in cities 

 (population weighted) 

 Target 11.7  By 2030, provide universal access to safe, 

 inclusive and accessible, green and public 

 spaces, in particular for women and 

 children, older persons and persons with 

 disabilities 

 11.7.1  Average share of the built-up area of 

 cities that is open space for public use for all, 

 by sex, age and persons with disabilities 

 11.7.2  Proportion of persons victim of physical 

 or sexual harassment, by sex, age, disability 

 status and place of occurrence, in the previous 

 12 months 

 Target 11.a  Support positive economic, social and 

 environmental links between urban, 

 per-urban and rural areas by strengthening 

 national and regional development planning 

 11.a.1  Number of countries that have national 

 urban policies or regional development plans 

 that (a) respond to population dynamics; (b) 

 ensure balanced territorial development; and (c) 
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 increase local fiscal space 

 Target 11.b  By 2020, substantially increase the number 

 of cities and human settlements adopting 

 and implementing integrated policies and 

 plans towards inclusion, resource efficiency, 

 mitigation and adaptation to climate 

 change, resilience to disasters, and develop 

 and implement, in line with the Sendai 

 Framework for Disaster Risk Reduction 

 2015-2030, holistic disaster risk 

 management at all levels 

 Indicators 

 11.b.1 Number of countries that adopt and 

 implement national disaster risk reduction 

 strategies in line with the Sendai Framework 

 for Disaster Risk Reduction 2015–2030 

 11.b.2 Proportion of local governments that 

 adopt and implement local disaster risk 

 reduction strategies in line with national 

 disaster risk reduction strategies 

 Target 11.c  Support least developed countries, 

 including through financial and technical 

 assistance, in building sustainable and 

 resilient buildings utilizing local materials 

 NO INDICATOR 

 Table 3.  SDG 11 Targets and Indicators 

 Source:  UN, 2015 


