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Abstract

:

Disaster damages and losses have been increasing in recent decades, highlighting the need to learn from past events. Only a better understanding of the fundamental causes of disasters and their impacts on society can lead to effective prevention and reduction of disaster risk. In this context, disaster forensics focuses on the analysis and interaction of risk factors (i.e., hazard, exposure and vulnerability) and the identification of underlying causes, in order to tackle them through dedicated action. In this work, we explore the results of disaster forensics through a case study of subsequent floods in 2002 and 2013 in the city of Grimma, Saxony, in Germany. Risk factors are investigated to identify their contribution in increasing or reducing disaster damage, in conjunction with socio-economic impacts in the mostly affected inner city of Grimma. In particular, we analyze (i) what data is needed to conduct a disaster forensic analysis and (ii) how much the sequential application of disaster forensics contributes to a better understanding of risk and the identification of the causes of disasters impacts. The analysis shows that the sequential approach for disaster forensics is key for understanding cause–effect relationships regarding socio-economic impacts.
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1. Introduction


Global disaster losses significantly rose in recent decades, with floods being the most damaging hazard (from 2005 to 2015) [1]. Between 1998 and 2017, floods were the most frequent type of disaster, affecting more than two billion people and causing $656 billion USD in damages [2]. In particular, the increase in economic losses is almost entirely explained by changes in socioeconomic factors such as population growth, wealth and increasing development in hazardous areas [3,4,5,6,7]. Hazard events, such as floods, manifest themselves as disasters when combined with the exposure and vulnerability of human settlements and communities.



Only a better understanding of risk and the causes of disaster impacts can lead to effective risk prevention and reduction. In fact, the Sendai Framework for Disaster Risk Reduction (DRR) sets “understanding disaster risk” as the first priority for action and points out that DRR policies and practices should be based on this knowledge in all dimensions of risk: hazard, exposure, and vulnerability [8]. Hazards are natural or man-made processes that can cause damage in the form of loss of life, injury or other health impacts, cultural heritage, property damage, environmental degradation and socio-economic disruptions. Socio-economic impacts encompass (i) population dynamics, (ii) sectoral economic dynamics (e.g., impacts on tourism), and (iii) households’ response to a specific disaster risk (following Gunadi Brata [9]). They generally lead to a prolonged duration and a greater spatial dispersal of hazards impacts and potentially an increase in social vulnerability [10]. Vulnerability is a condition “determined by physical, social, economic and environmental factors or processes that increase the susceptibility of a person, community, asset or system to the effects of hazards” [11]. Exposure covers the presence of persons, goods, or systems in hazard zones exposed to potential damage. Only in combination do exposure and vulnerability define the risks associated with a hazard in the area of interest. The Root Cause Analysis of disasters does not have a generally agreed definition. However, the German Committee for Disaster Reduction (DKKV) [12] (p. 56) describe it as a “broad, multi-dimensional and comprehensive investigation of disasters with the aim to identify critical factors in the pre-disaster, impact and post-disaster (response and recovery) phases.” In this context, past disasters represent an invaluable opportunity for understanding risk and learning from the positive and the negative aspects, considering what worked, what went wrong, and understanding why.



This study analyses the causes and contributing factors of disasters, in particular floods, and their socio-economic impact from a holistic hazard research perspective. Regularly, there is not only one factor that can be identified as the cause of economic damage from flooding and the resilience of neighborhoods, but in general, it is the combination of several factors that explain the short- and long-term socio-economic impact of flooding, which can be examined with the help of the disaster forensics methodology.



In this paper, a case study of two successive flood events in 2002 and 2013 in the city of Grimma in Saxony is forensically examined. Forensic investigation applied to the study of disasters related to natural hazards is relatively new. It was only in 2010 that “Forensic Disaster Investigations” were established as part of the Integrated Research on Disaster Risk (IRDR) [13], giving rise to the Forensic Investigation of Disasters (FORIN) project [14]. Likewise, in recent years different approaches and conceptual frameworks were proposed to pursue a holistic analysis of disaster events. These investigations are not intended to seek or assign legal responsibility, as the term “forensic” could suggest, but to understand which factors and how they contributed to the gestation and occurrence of a disaster in order to prevent and mitigate disaster risk.



Approaches to conducting this kind of studies fall under what we call in this work the “Disaster Forensics” umbrella, i.e., methods developed ad-hoc to study disasters from a holistic perspective. Disaster forensics is distinct from other usages of GIS-based information and aerial photography, for example, in analytical hierarchy multi-criteria decision-making processes (cp. [15,16]). For an overview, see Chandio et al. [17].



Approaches for Disaster Forensics include the FORIN methodology by the IRDR [18], the Post-Event Review Capability (PERC) by Zurich Insurance Group and ISET-International [19], Detecting Disaster Root Causes framework and tool by the German Committee for Disaster Reduction (DKKV) [12], and Forensic Disaster Analysis in Near Real-Time by the Center for Disaster Management and Risk Reduction Technology (CEDIM) [20]. The objectives of Disaster Forensics are the identification of “root causes” [12,18,19], of both deficiencies and successes in disaster risk management (pre-event, disaster response and post-event) and actionable opportunities for risk mitigation [19] in order to tackle them through policy and practice [12,18,19].



In this work, various risk factors are investigated to identify their contribution to increasing or reducing catastrophic losses and long-term socio-economic impacts in the most flood-affected city center of Grimma in a sequence of two flood events in 2002 and 2013. This is done by analyzing the impact of the floods on the buildings and on population migration. In particular, we analyze (i) what data is needed to conduct a disaster forensic analysis and (ii) to what extent the sequential application of disaster forensics contributes to a better understanding of the risk and causes of disaster impacts.




2. Materials and Methods


This research follows the case study concept of disaster forensics methodology, i.e., a combination of methods and findings from different disciplines with the aim of describing and reconstructing disasters and their relevant drivers as comprehensively as possible. The approach considers the complexity of loss events and the risk of natural catastrophes with multiple interactions and triggers in natural and socio-economic systems.



Concerning the data for performing a disaster forensic investigation, this case study makes use of many different data categories. These include data on the risk factors, damage data, data on prevention measures, data on the response, and data on recovery processes. Data on the risk factors include data on the hazard (e.g., flood characteristics), the exposure (elements inside the flood-prone area), and the vulnerability of the exposed objects. Damage data comprise data on different damages and impacts associated with the flood event. Data on prevention measures include all the data related to the measures taken during the prevention phase to mitigate flood risk. Data on the response process concerns data on the activities performed during the emergency period, such as the emergency measures taken at the household level. Data on the recovery process refers to data on the recovery and reconstruction phase, for instance on damage compensation and reconstruction time.



We are recurring to a large variety of sources of evidence. They include documents of different kinds, archival records, interviews from past projects, satellite imagery and maps. Consulted documents include peer-reviewed papers, reports, master theses, urban plans and newspaper articles. The collected archival records regard data on the population from the municipal registry of residents of Grimma. Flood damage and other related data of the residential sector from the 2002 and 2013 flood events were provided by the University of Potsdam, the German Research Centre for Geosciences, and Deutsche Rückversicherung. These data were collected through computer-aided interviews (CATI) among households in the flooded area in the aftermaths of both the 2002 and the 2013 floods as explained by Thieken et al. [21,22]. The questionnaires contained around 180 question, addressing multiple topics including flood characteristics, flood warning, emergency measures, damage to building, compensation, and prevention measures.



Regarding data analysis, the starting point is the disaster forensics methods previously mentioned. Specifically, the requirement of a holistic disaster forensic methodology that makes use of disaster damage data collected ex-post. In the case of floods, this means that the data under consideration are collected after the flood event, through damage assessments done at the end of the emergency, and/or in the recovery period. For example, Menoni et al. [23] developed a post-flood damage assessment model that supports a more integrated interpretation of flood events for a variety of purposes, including forensic investigation.



Table 1 presents an overview of the existing approaches in Disaster Forensics, as mentioned in Section 1. CEDIM proposes a forensic analysis of disasters in “near real-time,” delivering results hours to days after the disaster event [20]. This approach makes use of different kinds of data that are available almost in real-time, from the very first moments when the disaster unfolds and the emergency phase (e.g., data from social media, GPS and sensors data, meteorological data, etc.) Our work instead is developed long after the occurrence of the disaster, using mostly data collected ex-post.



The forensic framework and tool proposed by the DKKV [12] rests on expert interviews and on synthesizing and combining them with previous analyses to create a comprehensive overview of the disaster. The tool, therefore, does not directly employ post-event damage data.



FORIN suggests the “comparative case analysis” as a forensic research approach: a limited amount of detailed studies of “comparative” disasters [18]. These disasters can either have similar characteristics in terms of the hazard and different locations, or the same location, involving the same or other kind of hazard [18]. This last type of comparative analysis is “in-situ” and is particularly suitable for the forensic investigation of Grimma’s repeated floods.



The PERC methodology has been applied mostly to study flood events. The analysis is based on data gathered from a desk review and on informal and semi-structured interviews from fieldwork, and it is organized around the disaster risk reduction and management cycle. The final product of the PERC process is a structured report, which also acts as guidance to conduct the investigation.



The approach for the forensic investigation in this research is inspired by FORIN’s comparative case analysis “in situ” and by PERC. Specifically, the approach consists of a detailed study of repeated hazard events in the same location, while the PERC report was followed as guidance for determining the different aspects and factors that required investigation.



Figure 1 shows the methodology proposed and followed for the forensic investigation. The analysis is structured around the risk factors (hazard, exposure, and vulnerability), the disaster impacts and the disaster risk management cycle (prevention and preparedness, disaster response, recovery and reconstruction). The methodology rests on different data analysis and representation techniques, including the study of orthophotos and satellite images to evaluate changes in the exposure and vulnerability of assets in flood-prone areas. In order to introduce the damage data collected ex-post in the investigation, we propose the use of statistical analysis and graphical representations of quantitative and qualitative data. The comparative case analysis, inspired by FORIN, is done to identify and extract the lessons learned. It consists in the comparison of different types of analysis, as depicted in Figure 1.




3. Case Study Design and Results


3.1. Case Study Design


The selected case study is the Saxon city of Grimma, which was affected by the flood events of 2002 and 2013. Grimma lies on the western bank of the Vereinigte Mulde, a tributary of the Elbe, which consists of the confluence of the Zwickauer and Freiberger Mulde, which have their origin in the Erzgebirge mountains. Grimma is a medieval town with a city wall dating from 1232 to protect it from raids and looting, but also from flooding [24]. This wall was almost completely destroyed at the end of the 19th century. The population in the city centre of Grimma was about 1300 inhabitants in 2002, while the old town of Grimma had about 2300 inhabitants at the beginning of 2013, according to the municipal records.



On 13 August 2002, Grimma was hit by a severe flooding, with water depths of around 4 m and where about 1000 inhabitants were evacuated, and 150 had to be rescued. The economic losses for Grimma (including the city center and two smaller villages) amounted to over 230 million euros.



On 1 and 2 June 2013, Grimma was again hit by flooding, with water depths close to 2 m. In this case, all residents were evacuated from the historical center, and some of them had to be rescued again. The monetary damage caused by the floods totaled around 150 million euros.



The forensic analysis was applied sequentially to the two floods events in Grimma. The next sub-sections show the different aspects under analysis, starting from the risk factors (hazard, exposure, and vulnerability), continuing with the flood risk mitigation measures taken before and in between floods, the disaster response, the damages and impacts, and the recovery and reconstruction processes.




3.2. Results


3.2.1. Hazard


In order to study the physical characteristics of the hazard events, we selected different features commonly used in forensic hydrology [25]—precipitation, return period, initial soil moisture, peak discharge, water depth, the presence of sediments/contaminants, flood duration, and the flooded area. Several indicators were individually adapted to describe each aspect and to compare the events of 2002 and 2013 objectively, i.e., based on the same observation and statistical methods (Table 2).



According to all the indicators for precipitation [26], the 2002 event was much more intense than the one of 2013. Another selected aspect for analysis is the initial soil moisture, which complements the data on precipitation to explain the occurrence of floods. In this case, the indicator that is chosen is the precipitation in the days prior to the flood, as analyzed by Schumann et al. [26], which conclude that both events were characterized by high pre-humidity. Since both flood events occurred during summer, Schumann et al. consider the relevant antecedent precipitation less than 30 days prior to the event due to evaporation. In order to better compare the initial moisture conditions, a weighted sum of the pre-precipitation values was calculated by Schumann et al. as follows: the five-day pre-precipitations were weighted by 0.5, the pre-precipitation that fell six to 10 days before the flood was weighted by 0.3, and the pre-precipitation over 11 to 30 days before the event was weighted by 0.2. This weighted average of antecedent precipitation is very similar for both events, with the one in 2002 being the maximum recorded in the area.



At the nearest gaging station, Golzern 1, downstream of Grimma, the return period of the 2002 flood event was around 474 years, whereas in 2013, it corresponded to 172 years [26]. The peak discharge in Golzern 1 in 2002 was 2600 m3/s and in 2013, 2040 m3/s [26]. Figure 2, a flood map with the flooded areas as defined by the Saxony State Office for Environment, Agriculture and Geology [27], shows the areas affected by both floods being almost coincident due to Grimma’s topography, where floods are confined to the town center because it is approximately 15 m below surrounding areas. Hazard maps from the Elbe Atlas of the Mulde River in the Grimma area show that the flood-prone area for floods of 100-year return period and above almost coincide. Likewise, the location of some affected households from the telephone interviews (not presented here due to privacy issues) corroborated this fact and so did direct observations during fieldwork, where some of the flooded buildings had plaques and marks that indicated the level reached by flood water.



The mean water depth at the household level is another indicator used in the analysis (Appendix A), which shows an important difference between both events (approximately 4 m in 2002 vs. 2 m in 2013).



Another important indicator is the presence of contaminants in floodwater, which can generate and worsen damages. The assessment of the presence of pollutants in both flood events was based on available data at the household level (Appendix A) regarding the presence of oil or petrol, chemical pollution, and sewage and feces contamination. These indicators are quantified as the percentage of households that reported each kind of contaminants within the samples. In both floods, pollution from sewage was very important, with around 70% of the households reporting it. A slightly higher percentage of oil and petrol contamination affected households in 2002, whilst in 2013, chemical contamination was a little higher.



Flood duration is another important aspect that can aggravate damages. In this case, two indicators are considered—flood duration according to internet reports and newspaper articles, and flood duration according to interviews with household residents. According to media reports, the flood lasted about one day in 2002 [28], while in 2013 it lasted over two periods. The first began on 1 June early in the morning, while the water began to recede in the afternoon of the same day. The second more intense flood occurred in the night from June 1st and the morning of the 2nd, with media reports from the 3 June stating that, by 08:00 that day, all rivers in Saxony had retreated. The data from the residents’ surveys (Appendix A) show an average flooding duration of 35 hours in 2002 compared to 50 hours in 2013.




3.2.2. Exposure and Vulnerability


In this section we analyze changes in the risk factors exposure and vulnerability. In particular, we analyze changes in the reconstruction of assets in flood-prone areas and in the age structure of the exposed population.



As already mentioned, the floods are limited to the center of Grimma, where the buildings have not changed significantly due to their historical character. An important exception is the new Police Headquarters, which was established in 2005. It was financed with federal funds and serves the entire municipality of Grimma. The four buildings are located on the bank of the Mulde, south of the city centre. They were built flood-safe and became part of the new flood wall.



In an interview in 2006, the mayor of Grimma, Mr Berger, said he was very happy because the police headquarters provided 300 new jobs. He added that the choice to build there might appear dangerous, but that it made no sense to tell the citizens it was safe for them to go back to their homes if the plans for the police station were given up after the first flood. “Then there would be no more trust,” he said.



Age structure was also investigated before and after the 2002 and 2013 floods to understand if there were changes affecting the vulnerability of the population. Results show that the age structure in Grimma center remained almost constant from 2001 to 2015 for all age strata. For example, the youngest population (0 to 15 years old) fluctuated between 15 and 17 percent, whereas the eldest (66 and up) stayed around 11 per cent.




3.2.3. Flood Risk Mitigation Measures


Physical Flood Protection Infrastructure


In 2002, when the flood struck, there were no structural protection measures in place in Grimma. Only a small part of the medieval wall was left standing, without it having any impact on flood protection. Grimma is not only affected by river flooding, but also by groundwater rise, which can occur independently of flooding. Mr Guhlemann, Director of Grimma’s Civil Engineering Department, explained in an interview that in 2002 the city had no protection infrastructure, as the available technology did not make it possible in the past to effectively reduce groundwater flooding. It was not until the floods of 2002 that numerous measures were developed for the flood protection infrastructure in the Mulde. Grimma was given high priority. The preliminary investigations were carried out in 2002–2003 and proposed a fortified flood wall surrounding the historical center [29]. This measure was to provide protection against flooding up to an exceedance probability of 1/100. At its highest point, the wall measures 4.5 meters. The underground sealing wall reaches up to 12 meters into the earth. Because the sealing wall influences the natural groundwater flow, an elaborate system with eight so-called horizontal filter wells and 1.5 kilometers of drainage strands was installed to wall to keep the underground wall permeable at normal water levels and to seal off the bulkheads in the event of flooding. However, the reaction of the population to the original proposal to build the flood wall was negative. It was argued that it would destroy the cultural heritage and cityscape [29]. For a deeper analysis of the issue of the role and methods to assess the value of cultural heritage see, Usamov et al. [30], Howard et al. [31], and Romão et al. [32].



The implementation of the protection infrastructure was delayed by many years, as it was hampered by the residents and some members of the municipal council. The University of Dresden (TU) carried out various studies with a group of architects and conservationists in 2005–2006 and proposed a new solution with the initial protection objective. They proposed a new flood wall that was integrated into the medieval wall and allowed access from the city to the river, which was crucial for the public acceptance of this new solution (Figure 3).



Work finally began in 2007 despite further objections. As a consequence, the finally accepted measure has much higher costs than the first solution (approx. 40 million euros compared to 12 million euros) [29]. The flood wall was completed in July 2019.




The Local Early Warning System


Grimma obtained many donations after the 2002 flood, some of which were spent by the town council to establish an independent local Early Warning System (EWS), driven by the absence of a timely flood warning [29]. The EWS has four alarms and a central announcement system, an information program in the local television station functioning 24 hours when there is a flood alert, an autonomous SMS-information network, a river gauge camera (live streaming on the internet), and a house threshold measuring system.



When in danger, a siren sound is emitted, followed by a gong. A repeated message is heard after each gong. The sirens can work up to one week even in case of a power cut. The siren is heard for the first time when the water level is 3.00 m above normal. Additional information is given as the flood develops through the alarms and the announcement system, and the siren also emits the “all-clear” signal through a long-lasting constant tone. Muldental-TV, the local television station, makes available additional information in the case of a forthcoming or current flooding, regarding the existing water levels and the estimate ones, the traffic and parking situation, possible evacuation measures, and the end of flood warning. The station interrupts its regular program for this purpose.



Every inhabitant or landlord of a house or business in the old town can register to a free SMS early warning system. At the beginning of 2009, 420 individuals (i.e., 17% of the exposed population) were listed in the city’s SMS warning system [24]. Citizens can use the internet to monitor the water level on the flood cameras and compare it with the height of their front door to assess when water threatens to enter their house.



The installation costs for the EWS amounted to 148,000 € and cause annual operating costs of approx. 4000 € [29]. Grimma’s local warning system operates in parallel to the regional warning system operated by the Saxon State Office for Environment and Geology (LfUG) [29]. This local early warning system is “tolerated” by decision makers at the federal level, but Grimma’s local warning notice is criticized by critics as having no correspondence between warning levels and thresholds [29].




Prevention Measures at the Household Level


The interviews of affected residents (Appendix A) contained data regarding the prevention measures that were taken before the respective flood event. In 2002, 74 per cent of the surveyed households took at least one prevention measure before the 2002 flood, whereas this percentage was much higher in 2013, with 93 per cent of households. Statistics also show that residents took more prevention measures before the 2013 flood with respect to the one in 2002 (a mean of 4 in contrast to 2).



The prevention measures mentioned in the interviews were further analyzed to consider only those that may have influenced the damage to the building. These are shown in Table 3, which includes measures for preventing or reducing the damage to the building itself, as well as measures for reducing the hazard intensity. In 2002, the percentage of households that took at least one prevention measure for mitigating the damage to the building was 32, whereas in 2013, was 62 per cent. Regarding the measures to reduce the hazard intensity, in 2002, only five per cent of the interviewed households had taken prevention measures. In contrast, in 2013, this percentage increased to 31 per cent.





3.2.4. Flood Protection Infrastructure Performance


When the flood occurred in 2002, Grimma had no flood protection infrastructure. Historically, the old medieval city wall provided some flood protection, but only a small part of it has remained. The new flood wall was in the process of being built during the 2013 flood, with 20 million euros of the total of 40 million euros spent on the project by then. Even though at least half of the construction of the flood wall had been completed in terms of expenditure, the protective performance of the structure was insignificant. It was designed in such a way that the protective wall only functions as a whole, even with a step-by-step implementation. Apart from that, the flood area did not change in any way in 2013 compared to the flood in 2002.



Mayor Matthias Berger declared in a newspaper interview after the 2013 flood that with a finished flood wall, water would have stayed out 100 per cent. Axel Bobbe, in charge of Flood Protection projects in the Leipzig district, said that the flood arrived four years too early, making reference to the fact that the construction was to be complete by 2017. Likewise, Stanislaw Tillich, Prime Minister of the Free State of Saxony, said after his visit to Grimma about the consequences of the floodwall that he was inclined to put an end to the co-determination of citizens in such an important project.




3.2.5. Disaster Response


Flood Warning and Emergency Measures at the Household Level


In 2002, the city of Grimma did not receive timely flood warnings [29]. Survey data at household level (Appendix A) show that the mean early warning time for residents during the flooding in 2013 was more than four times higher than for the flood event in 2002. Other statistical indicators such as the median and the mode support this statement (Table 4).



The analysis of the data from the household survey (Figure 4) shows that 45% of the households surveyed did not receive any flood warnings in 2002. Moreover, only 45% received warnings from government sources. By contrast, in 2013, about 83% of respondents received at least one flood warning, and 78% were informed by official sources.



During the flood in 2002, 84% of households took at least one mitigation measure, whereas during the flood in 2013, 93% of households took at least one emergency measure.



Another variable that was analyzed, collected through the household interviews (Appendix A), was the time spent on executing emergency measures during both of the floods as a potential result of a prolonged warning period. All the statistics (Figure 5) show that the time spent on emergency measures during the 2013 flood event was much more than in 2002. This impact comes at a comparatively low cost of the early warning system, as described in Section 3.2.3., subsection on the local early warning system.





3.2.6. Disaster Damages and Impacts


This forensic analysis includes both direct and indirect impacts, focusing on the residential sector and the population, respectively. Regarding direct impacts, the choice of studying the residential sector was motivated by the important share that these damages represented in both the 2002 and 2013 floods in Saxony (Figure 6). In 2002, impacts to the residential sector in Saxony represented 36% of the total direct damages (second to infrastructure damage, with only a 1.6% difference) [33]. In 2013, this share amounted to 22.7%, the most damaged sector after infrastructure [34]. Concerning indirect impacts, the analysis focuses on flood impacts on population dynamics in terms of migration in and out of the flooded area.



Direct Impacts: Damage to the Residential Sector


This section compares the damage in the housing sector caused by the 2002 and 2013 floods in order to examine their causes. Figure 7 shows the building damage, i.e., the damage to all non-movable parts of the building, such as structure, surfaces, heating, and gas and water supply systems, presented in monetary values for both flood events (2002 values have been corrected for inflation).



To sum up, building damages in 2013 are significantly less than those in 2002 as we would expect from the previous comparison of the hazard (lower in 2013), the exposure (same in both years), and the vulnerability (lower in 2013) of the inner city of Grimma. These findings are in much line with previous research [21,35].




Indirect Impacts: Population Dynamics


The objective of this part of the analysis is to understand if the floods caused impacts on the population dynamics. To this end, we analyze residents’ migration in and out of the flooded area before and after both flood events. Figure 8 shows the population inflows and outflows for different years for Grimma’s city center. Data for the overall Grimma municipality were also analyzed to check if trends in the city center were different with respect to the rest of the area. In both events, the flooded areas coincided with the city center.



Figure 8 shows a positive trend in population inflows to the city center from 2003, whereas in 2013 and 2014, there is a drop in inflow values. The control data from Grimma municipality shows opposite tendencies, with a negative trend in inflows after 2002 and a positive one from 2012. Population outflows in the city of Grimma dropped in 2002 and remained lower than in previous years until 2006 (while they remained almost constant in the municipality). After 2006, this trend in the city center reversed and outflows started behaving as in the whole municipality. In 2013, there is a peak in population outflows, the highest value since 1997, and then in 2014, there is again a drop to previous levels.



In a questionnaire survey conducted in the city of Grimma in 2014 [36], more than one third of the respondents (382 from a population of 990) reported that they had to bear the consequences of flooding for the second time. It was these multiple-affected households that bore the main psychological burden of the 2013 floods. They felt particularly affected and had more severe economic, health, and psychological consequences than those affected for the first time. They also reported that they were playing with the idea of giving up their previous homes and leaving. In the group of people who were multiple impacted, 52% were inclined to move away from Grimma, while 29% of those who were first affected in 2013 were still considering doing so.



To sum up, after the 2002 flood, the population in the city center grew due to the arrival of new residents, while, at the same time, less people moved out. Instead, after the 2013 flood, the population in the city center decreased, with a peak of residents moving out and less moving in. This finding is not intuitive—more migration (outflows) after a less intense flood with less damages. This can only be explained by factors in the aftermath: recovery and reconstruction, and the effect of an unexpected sequence of floods on socio-economic resilience, and people’s attitude to risk, as we will discuss below.





3.2.7. Disaster Recovery and Reconstruction


The flood of 2002 attracted a great deal of media interest. Already on 14 August, the then Federal Chancellor Gerhard Schröder visited the center of Grimma together with the former Saxon Prime Minister Georg Milbradt and numerous journalists to get an idea of the extent of the damage [24]. The floods of 2002 took place three weeks before the forthcoming German national elections, and accordingly, many public funds were made available for compensation. The federal government and the Free State of Saxony paid the affected citizens of Grimma very high amounts of compensation, but considerable donations were also made (13 million euros) [24].



In 2013, the situation was completely different. From the first days of the flooding, the mayor, still Mr Berger, expressed his concern about the reconstruction of the city. On 3 June 2013, he asked for “the help of all” and declared that, after the second flood, people had been devastated in little more than 10 years. He was skeptical about the aid they would receive, both from outside and inside. A bank account for donations was opened on 3 June. Ten days later, Mayor Berger said in an interview that he wanted help with reconstruction and said that the businesses affected did not need loans but grants that did not have to be repaid. Many residents were still paying off loans after the 2002 floods, and many were unable to afford another loan even at low interest rates.



The general lack of insurability of buildings and businesses in the flood-prone areas of Grimma has had a painful effect on private companies, most of which were founded after reunification (1989). Due to the policy of the insurance industry not to offer insurance in areas with a return period of less than 10 years of flooding, they could not acquire insurance even if they expressed an interest. This led to sporadic migration of companies after 2013. Paper manufacturer Martin Röhrenbeck complained in an interview, “I am looking for a new location, higher up. After all, the insurance company probably won’t pay for the next flood. What will remain will be empty halls. Then 150 years of paper processing will come to an end on the banks of the Mulde.” In 2019, the factory halls were moved from Grimma-Golzern on the banks of the Mulde to the far area off Mutzschen near Grimma. On the other hand, 50 percent of households in Grimma were insured against flood losses, which for historical reasons was significantly higher than the German average (10% for household contents and 4% for residential buildings in 2002 according Kreibich et al. [37]). In the eastern German Länder, the density of insurance against damage caused by natural hazards was much higher, as flood damage was generally included in the household insurance of the former GDR. Many people in eastern Germany still had old contracts in 2002. Individuals who do not have insurance were asked in 2010 about the reasons [24]. Almost half of the uninsured (47%) wanted to change this situation. Thirty per cent of those who were not insured said they had tried to get insurance but did not get it for their place of residence. The rest (17%) found the available offers too expensive. In summary, the insurance situation before and after the floods of 2002 was almost unchanged for the majority of private households and almost all private companies in Grimma’s city center—they were exclusively dependent on state aid. As a consequence, the different availability of state aid in 2013 compared to 2002 had full effect, i.e., was not mitigated by private insurance.



This difference in the availability of financial assistance in both flooding events is also reflected in the data collected at household level when looking at the financial assistance as a percentage of total damage (Table 5). The ratio of the financial aid with respect to the total damage by household in 2002 is almost twice the one of 2013.



Reconstruction began relatively quickly after the 2002 floods and was completed by 2004. It significantly improved the condition of the buildings compared to the pre-flood condition [38]. However, it is not clear whether this improvement was merely aesthetic or included a reduction in susceptibility to flooding. In a 2005 interview, Mr Guhlemann, Director of Grimma’s Civil Engineering Department, explained that efforts had been made to convince residents to rebuild their homes with flood-resistant materials but he did not know whether these efforts had been successful.



Concerning the restoration after the flood of 2013, all electricity, gas and water supplies were restored and the city cleaned up within the first five days after the flood. The cleaning work involved the removal of 35,000 cubic meters of waste. There is no data on the rebuilding period. However, our own field research in June 2017 showed that almost all the buildings in downtown Grimma were in perfect condition, and no signs of flooding were visible except for some flood marks applied by the owners.




3.2.8. Lessons Learned and Recommendations


The examination of the building damage during the floods of 2002 and 2013 shows that the building damage was influenced—much in line with previous research [21,35]—by the hazard intensity (water depth), the warning time, the measures taken during the emergency situation and the preventive measures taken by the households. The monetary damage to buildings in 2002 was on average 25% higher than in 2013, which can be attributed primarily to the considerable difference in water depths in both events. The warning time, the time spent on emergency response, and the proportion of households that took both emergency and prevention measures were also significantly higher in 2013.



The analysis also shows a much higher percentage of households taking prevention measures, with twice the amount of measures taken before the 2013 flood with respect to 2002. This indicates a positive change in private disaster risk reduction.



The important difference in the percentage of households that received official warnings and responded with efforts on emergency measures, and in the amount of warning time in 2002 and 2013, indicate that the new local early warning system was cost-effective.



The recovery conditions for both flood events were very different, as the 2002 flood took place weeks before the German national elections. This is reflected in the availability of financial aid at the household level, where the sum of compensations received by households in 2013 represents only 24% of the total damage, whereas in 2002, it was almost twice as high, at 46%. This effect was not mitigated by private insurance. The impact of this lack of resources on recovery and reconstruction is not entirely clear. Data on the recovery time for the 2013 flood are not available, but field studies have shown that, by 2017, almost every building had been repaired.



The positive balance of population migration and the increase in inflows after 2002 confirm the fact that the city center became more attractive after the refurbishment and attracted new inhabitants. Another important factor was the availability of financial support and a positive image in the national and international media. The flood of 2013 had the opposite effect and led to an emigration from the city center due to a lack of financial support, a negative attitude of the population and the mayor, as well as a negative image in the media (Appendix B).



Based on these experiences, various measures can be proposed for the DRR to improve Grimma’s current situation. One is the promotion of private flood protection insurance to increase its market penetration and improve reconstruction conditions for residents and businesses. This would prevent emigration from the city center in the event of a further major flooding and reduce the impact of fluctuating ad-hoc state aid on the resilience of the population and the local economy. It is also recommended to promote measures to reduce the physical vulnerability of buildings, as one of the lessons learned shows that it played an effective role in loss prevention in 2013. Although Grimma’s local early warning system appears to have worked effectively in 2013, 17% of households surveyed still did not receive any warnings. In the coming events, therefore, work should continue on informing and involving more residents to avoid households being in danger without official warnings.






4. Conclusions


In addition to the lessons learned and recommendations, the previous analysis also allows us to answer to the initial question, how much does the sequential application of disaster forensics contribute to the identification of the causes of disasters impacts?



The answer to this question involves two distinct aspects: the repeated application of disaster forensics vs. the application of disaster forensics to a sequence of floods in the same geographic area. “Sequential” in the latter case means repeated, but mainly in the order of events, i.e., taking into account that one event occurred after the other. In a sequence of events, the impacts of the second event are affected by (and not independent of) the impacts of the first. In other words, the output conditions of the first event determine the input conditions of the successive event.



The analysis of the direct damages to the buildings suggests that the repeated application of disaster forensics allows discerning the main drivers of damage (e.g., hazard intensity), whereas in this case study, the sequential aspect (i.e., one event following the other) plays a less significant role in the identification of impacts. However, this is mostly explained by the fact that after the first flood all the town and its buildings were repaired. In other cases, repeated events (such as summer floods and winter frosts) can be seen to increase the physical vulnerability of the affected buildings, making the “sequential aspect” also more relevant for the analysis of direct damages.



Instead, sequentiality is key for understanding cause–effect relationships regarding socio-economic impacts, as shown by the analysis of the indirect impacts on the population. Emigration after the 2013 flood event can only be understood through a sequential approach by considering population dynamics, economic resources availability, and population’s attitude in the sequence of events. The population’s economic vulnerability increased after the 2002 flood when businesses and residents had to cover part of the damages themselves and in some cases take out loans. When the 2013 flood hit, some residents were still making loan payments from the previous flood, which, in conjunction with low availability of financial aid, made recovery difficult.



A similar situation regards the mayor and the population’s attitude towards the flood and the reconstruction. It was in some way positive in 2002 due to the availability of funds, donations, and media attention that boosted recovery. In 2013, after being severely hit twice in almost a decade, even the mayor questioned the residents’ capacity to recover. As regards the disaster forensics approach, the proposed sequential analysis methodology has proven effective in enhancing the understanding of cause–effect relationships in disasters and improving disaster risk management for local authorities through effectively “learning” from the causes and impacts of two closely consecutive floods. However, the main contribution of the sequential approach is the recognition of the interconnectedness and spill-overs in socio-economic impacts of the repeated occurrence of rare extremes, in the sense of the proverb “once is only once, but twice is a disaster.”
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Table A1. Data and methods.






Table A1. Data and methods.





	Data
	Methods
	Assumptions/Measurement
	Source





	Precipitation
	6-hour and 12-hour maximum [mm]
	Analogue rain gauge (Heilmann-type)
	([26], in German)



	Return period
	Univariate
	Pearson Type III and Gumble Distribution
	([26], in German)



	Soil moisture
	Weighted average of antecedent precipitation
	5-day pre-precipitations (weighted by 0.5); pre-precipitation of 6 to 10 days before (weighted by 0.3) / pre-precipitation over 11 - 30 days before (weighted by 0.2)
	([26], in German)



	Discharge
	Peak discharge at nearest gaging station (Golzern) [m3/s]
	Stationary discharge measurement with ultrasound
	([26], in German)



	Contaminants
	Computer Assisted Telephone Interview (CATI)
	Q.: Has your property been polluted by the following substances? Chemicals, paints, varnishes, pesticides, small amounts of engine oil, sewage or faeces, fuel oil, gasoline?
	University of Potsdam, GFZ and Deutsche Rück



	Water depth
	CATI
	Q.: How high was the water on the outside of the house? [Above the top edge of the terrain.]
	University of Potsdam, GFZ and Deutsche Rück



	Flood duration
	CATI and IKSE (to validate responde)
	Q.: How many hours did the water stand in the house in total? [Time until the water had drained off, pumped off and out of the house again.]
	IKSE ([28], German); University of Potsdam, GFZ and Deutsche Rück



	Flood maps
	Internet
	Shapefiles with flooded areas in 2002 and 2013, based on aerial photographs
	Saxony State Office for Environment, Agriculture and Geology



	Warning time
	CATI
	Q: How many hours before the flooding occurred did the warning reach you or did you yourself become aware of the danger?
	University of Potsdam, GFZ and Deutsche Rück



	Prevention measures
	CATI
	One out of 1-8: (1) Movable contents taken to upper floors; (2) Avoid valuable, permanently installed interior fittings in lower floors; (3) Move the heating system and/or the electrical supply systems to higher floors; (4) Change the heating system type or provide the oil tank with flood protection; (5) Improvement of the basement and building hydraulic stability; (6) Use of valves to prevent backflow; (7) Mobile elements that prevent water from entering the building such as sands bags; (8) Water pumps installation.
	University of Potsdam, GFZ and Deutsche Rück
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Table A2. Interview evidence.






Table A2. Interview evidence.





	
Interviewee

	
Date

	
Source

	
Question

	
Answer






	
Mayor Berger

	
10th June 2006

	
Personal interview (recorded)

	
At the rafting place there is the construction site of the police direction Westsachsen. What do you think of this measure?

	
“The hazard situation is not worse or better than in the inner city area. (...) For the city of Grimma it is a huge gain. 300 jobs are created, we are very happy about it. It was certainly also a sign at that time from the state government that they didn’t let Grimma down. Because how could I have made it plausible to the Grimmaers that they should move back into their houses and the state government gives up their plans. Then there would be no more trust.”




	
Mayor Berger

	
3rd June, 2013

	
N-TV

	
What’s the sentiment like in town?

	
“Those who are affected don’t see it any more; those who have given up are finished, really finished. For ten years they have rebuilt Grimma with great support. And after the city has virtually resurrected, it is being flattened again, possibly worse than before.”




	
Mayor Berger

	
3rd June, 2013

	
N-TV

	
But why does it keep hitting Grimma?

	
“Flood protection, the plant of the Free State of Saxony, is under construction. But it is not finished. That is why we have now hit the bull’s eye here.”




	
Mayor Berger

	
14th June 2013

	
LVZ

	
What do you demand from the regional government?

	
“Affected traders do not need loans, but subsidies, which do not have to be repaid. Many would not benefit from a loan at all, they are still bearing the burdens of the 2002 flood”




	
Dr. Axel Bobbe, Head of Saxony’s Dams Administration (LTV)

	
13th June 2013

	
LVZ

	
Could Grimma have been saved then?

	
“Here we have the problem that individual tribal warriors - monument preservationists and private individuals who felt disturbed - have stayed with us for at least two to three years. It is possible that we would already have finished today if it had not been for this.”




	
Dr. Axel Bobbe, Head of Saxony’s Dams Administration (LTV)

	
4th June 2013

	
Spiegel Online

	
Responding to criticism of the “eternal construction site” (flood protection wall in Grimma)

	
“For years we have been lost in discussions about the protection of historical monuments in Grimma. Many authorities and residents did not want a wall in front of the city. We were faced with two strong citizens’ initiatives with large banners that almost stoned us to death.”




	
Mr. Guhlemann, Directot of Grimma’s Civil Engineering

	
20th Dec. 2005

	
Personal interview (recorded)

	
Why do you think Grimma had no HW protection in historical times?

	
“The communities and residents are not supported in their own provision, no help is offered for them.”




	
Mr. Guhlemann, Directot of Grimma’s Civil Engineering

	
20th Dec. 2005

	
Personal interview (recorded)

	
“During floods, we also have the effect that the groundwater and the sewage system flood the city first. In the past, flood protection was certainly not possible.”




	
Paper manufacturer Martin Röhrenbeck (managing director)

	
7th June 2013

	
Deutsche Fluthilfe

	
Some don’t want to build again on the river

	
“I am looking for a new location, higher up. After all, the insurance company probably won’t pay for the next flood. What will remain will be empty halls. Then 150 years of paper processing will come to an end on the banks of the Mulde.”




	
Stanislaw Tillich, PM of Saxony

	
4th June 2013

	
Spiegel Online

	
(During a visit to Grimma)

	
“I am inclined to override citizens’ participation in such an important project.”
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Figure 1. Methodology employed for the forensic investigation. 
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Figure 2. Map of the flooded areas in 2002 and 2013 (source: author, based on data from the Saxony State Office for Environment, Agriculture and Geology, 2017 and googlemaps). 
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Figure 3. New floodwall with passageways allowing access to the river and view (source: authors, 2017). 
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Figure 4. Flood warning distribution in households: (a) in the 2002 flood; (b) in the 2013 flood. 
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Figure 5. Time spent on emergency measures during the flood events (hours). 
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Figure 6. Share of direct damages in Saxony by sector (%): (a) Flood of 2002; (b) Flood of 2013. 
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Figure 7. Damage to buildings (corrected for inflation to 2013) for the 2002 and 2013 floods. 
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Figure 8. Population inflows and outflows from Grimma city center. 
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Table 1. Existing approaches in Disaster Forensics.
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	Approach
	Year
	Objective(s)
	Characteristics
	Methodology





	FORIN by the IRDR
	2010-2016
	Identifying root causes so that they can be evaluated and addressed by policy and practice.
	Structured around a causal chain from a descriptive analysis to the root causes.
	Methodology selection according to research question.



	PERC by Zurich Insurance Group and ISET-Int.
	2015
	Uncovering root causes, successes and failures in the management of disaster risk; identifying critical gaps and actionable opportunities for DRR.
	Structured around the DRR management cycle (risk reduction and preparedness, response, recovery).
	Desk review, fieldwork, semi-structural and informal interviews.



	Framework and tool by the DKKV
	2012
	Identifying root causes and defining areas for interventions to address them.
	Analysis of causal linkages between impacts and root causes, integrating the DRR cycle.
	Desk review, expert interviews.



	Forensic Disaster Analysis in near real time by CEDIM
	2012
	Improving understanding of how natural hazards become disasters, providing results in the immediate aftermath of the disaster.
	Focus on near real-time disaster analyses byinterdisciplinary teams, complements FORIN.
	New near real-time methodologies, interdisciplinary approach.
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Table 2. Hazard indicators for the events of 2002 and 2013.
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Category

	
Indicator

	
Flood 2002

	
Flood 2013






	
Precipitation

	
Six-hour maximum precipitation (Golzern 1) (mm)

	
53

	
21




	
12-hour maximum precipitation (Golzern 1) (mm)

	
87

	
32




	
24-hour maximum precipitation (mm)

	
149

	
58




	
48-hour maximum precipitation (mm)

	
176

	
90




	
Return period

	
Flood return period (Golzern 1) (years)

	
474

	
172




	
Initial soil moisture

	
Weighted average of antecedent precipitation (mean Wechselburg 1, Lichtenwalde 1, Nossen 1) (mm)

	
39

	
37




	
Presence of contaminants

	
Percentage of households with oil/petrol pollution (%)

	
56

	
40




	
Percentage of households with chemical pollution (%)

	
39

	
47




	
Percentage of households with sewage or feces pollution (%)

	
72

	
73




	
Discharge

	
Peak discharge (Golzern 1) (m3/s)

	
2600

	
2040




	
Water depth

	
Mean water depth in residential buildings (m)

	
4

	
2




	
Flood duration

	
Duration according to media articles and reports (days)

	
1 day

	
2 phases/2 days




	
Mean flood duration at household level (h)

	
35

	
50
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Table 3. Prevention measures classification.
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Measure type

	
Prevention measures






	
Building

	
Avoid valuable, permanently installed interior fittings in lower floors, use water-resistant or easily renewable building and construction materials.




	
Move the heating system and/or the electrical supply systems to higher floors.




	
Change the heating system type or provide the oil tank with flood protection.




	
Hazard

	
Improvement of the basement and building hydraulic stability.




	
Use of valves to prevent backflow.




	
Mobile elements that prevent water from entering the building (e.g., sands bags, small local flood protection walls).




	
Water pumps installation.
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Table 4. Warning time statistics (hours) for the 2002 and 2013 flood events.
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Warning Time (hours)




	
Mean

	
Median

	
Mode

	
Min

	
Max






	
Flood 2002

	
7

	
4

	
2

	
1

	
24




	
Flood 2013

	
30

	
24

	
24

	
2

	
168
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Table 5. Financial aid (corrected for inflation to 2013) for households in the 2002 and 2013 floods.
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Financial Aid




	
Median [€]

	
Ratio to the total damage






	
Flood 2002

	
31,096

	
0.46




	
Flood 2013

	
3,750

	
0.24
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