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Are academic, newspaper and regulatory documents aligned with the United Nations Sustainable Development Goals and the Sendai Framework for Disaster Risk Reduction (SENDAI)? To answer this question, we develop a framework to compare the most commonly occurring keywords across these document types, as well as their use of Sustainable Development Goals and SENDAI keywords. The approach is tested in a case study on the Tagliamento River in the Italian Alps to explore the degree of communication among academia, newspapers and governance. Across the analyzed documents, we found disconnection between academic sources and regulatory documents. Occurrences of SDG-related keywords are positively correlated in regulatory documents and newspapers (r = 0.6), and in academic literature and newspapers (r = 0.38), indicating some degree of agreement. However, no correlation emerges between academic and regulatory documents, indicating a critical gap for communication and understanding between academic research and governance.
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INTRODUCTION
The United Nations (UN) 2030 Agenda for Sustainable Development includes 17 Sustainable Development Goals (SDGs), which prioritize global challenges for sustainability, including climate change, poverty, inequality, environmental degradation, and threats to water security and safety (Fukuda-Parr, 2016). Other frameworks have been developed to address sustainability challenges, such as risk management in the face of increasingly frequent extreme events (IPCC, 2012). To this aim, endorsed by the UN General Assembly following the 2015 Third UN World Conference on Disaster Risk Reduction (WCDRR), the Sendai Framework for Disaster Risk Reduction (SENDAI) has been proposed. The expected outcome of SENDAI is “the substantial reduction of disaster risk and losses in lives, livelihoods and health and in the economic, physical, social, cultural and environmental assets of persons, businesses, communities and countries”.
Both SDG and SENDAI frameworks consider water a central resource, an ecological habitat, and/or a risk factor. Globally, water-related disasters affect 160 million people annually, causing the deaths of approximately 13,500 annually (Ligtvoet, 2018) while extreme weather has led to more than 450 billion EUR in losses between 1980 and 2017 (European Environment Agency, 2019). Links between sustainable development and various water-related issues can be identified for all 17 SDGs. Water-related targets are specified in at least five SDGs (Engström et al., 2019; Jaramillo et al., 2019), with complex relationships, synergies, and trade-offs among them (as presented in Le Blanc, 2015). Among freshwater bodies, rivers are greatly affected by human activities and also represents a frequent source of damage (e.g., by flooding). As such, sustainable use of and risks associated with rivers are a focus for implementation of the guidelines proposed in both frameworks. River and river basin management are relevant to multiple SDGs, including health, clean water and sanitation, energy, infrastructure, life on land and below water, climate action and sustainable cities (SDG-2, 6, 11, 14, 15). River management for sustainable development encompasses both water quantity and quality, including their associated effects on ecosystems.
Human interventions to manage water quantity are mostly related to river fragmentation, flow regulation, sediment trapping, water consumption, and infrastructure development in riparian areas and floodplains (Grill et al., 2019). Such interventions affect free-flowing rivers and the ecosystem processes, biodiversity and services that these rivers support (Grill et al., 2019). Not only do such human disturbances reduce river-related biodiversity (Albert et al., 2020) and ecosystem services (Elmhagen et al., 2015), but they also increase hydrologic risks, such as the frequency of occurrence of both droughts and floods (Destouni and Verrot, 2014), and the likelihood of flood damages to agricultural, residential and industrial infrastructure (Di Baldassarre et al., 2013). Therefore, human interventions often lead to unsustainable changes in hydrologic regimes and associated ecosystem services.
Anthropogenic water quality deterioration relates directly to multiple SDGs, in particular SDG-2 on health, SDG-6 on clean water and sanitation, SDG-15 on life on land, SDG-14 on life below water, and SDG-11 on sustainable cities. Industry and agriculture can negatively affect various aspects of water quality, due to toxicity of pollutants, pharmaceuticals and microplastics (Borrely et al., 2018; Ma et al., 2019; Santos and Nardocci, 2019). They also alter water composition and conditions; e.g., in terms of temperature, salinity, electrical conductivity, concentrations of nutrients and other substances, and their impacts on eutrophication (Bouwman et al., 2009; Howarth et al., 2012; Bowles et al., 2018) and ecosystem status (Destouni et al., 2017). Most of the water quality threats are invisible, but have a strong impact on society (Damania et al., 2019). Both The EU Water Framework Directive (WFD) (European Council, 2000) and the EU Groundwater Directive (European Commission, 2008) are in place to address anthropogenic water pollution and its ecological implications, suggesting that these problems and their impacts on sustainability of water resources are well understood and deeply integrated in legislation.
While anthropogenic impacts on rivers and risks posed by rivers to society may be known, different actors understand and communicate these concerns in contrasting ways. Community engagement is mainly reflected by traditional media, such as television and newspapers, and internet sources. The perspectives of this media may differ from those of scientific research and how they are communicated with and perceived by the general public (Patenaude, 2011). Quantifying the relations and possible disconnections of issues perceived as important in research and by society is a challenge, as it requires linking different types of information. Scientific evidence is typically published in peer-reviewed journals using a well-defined set of technical terms, which can be analyzed by bibliometric mapping to assess their co-occurrence, i.e., the frequency of occurrence of these terms in the research articles (Batista et al., 2019), the main topics covered, and their relationships (Mora-Valentín et al., 2018). In contrast, mass-media, including online newspapers, spread information to the general public and allow a more rapid communication of ideas and concerns, but are heterogeneous in their terminology and structure. In the past, analyses of newspaper coverage has been used to provide insights on public opinion (Woodward, 1934; Kennamer, 1992; Riffe et al., 2019) and in relation to governance (Feldpausch-Parker et al., 2013; Tang and Rundblad, 2017). In particular, Hale (2010) analyzed newspaper coverage to assess the societal awareness and acceptance of ecosystem management models, using the case study of two river-floodplain nature reserves in the U.S. and in Central Europe. Their analysis underlined the importance of balancing human and ecological needs as well as the benefits of involving stakeholders in the river management process alongside education and outreach activities. However, examples of combined academic and non-academic analysis, that could underline the differences between the two, are lacking.
Given the importance of the SDG and SENDAI frameworks, it is surprising that there are no examples, to our knowledge, of combined analysis of academic and non-academic literature on these objectives and targets. Across the academic sector, leading social science and management journals have tackled the topic of sustainable development extensively, but research on the 2030 Agenda is less developed (Goodall, 2008; Patenaude, 2011; Carabine, 2015). In addition, the prioritization of certain targets may also influence the implementation of the 2030 Agenda (Oliveira and Almeida, 2019), highlighting a need to properly analyze various SDG targets (Nilsson et al., 2016; Nilsson et al., 2018) and how represented they are. We therefore propose a methodology based on previous work on social media trends to explore the presence of SDG and SENDAI topics in three different sources of information: academic literature, newspapers, and regulatory documents, further focusing on a river management case study.
We hypothesize that:
1. SDG and SENDAI topics are covered differently by the different sources of information. Thus, we hypothesize a disconnection between the way topics are covered by academic and public sources.
2. The coverage of SDG and SENDAI topics in local regulatory documents is intermediate between the academic literature and newspapers, potentially representing a bridge between scientific knowledge and societal needs. Hence, the SDG and SENDAI topics in local regulatory documents is expected to be partially correlated with both academic literature and newspaper.
To test these hypotheses, we select specific keywords for SDG and SENDAI objectives relevant for river management, and quantify their occurrence in academic literature, local newspapers, and regulatory documents. The prevalence of topic-specific keywords is then compared across the different sources that target overlapping and potentially distinct audiences.
We apply the proposed methodology to the Tagliamento River, considered as the last morphologically intact river in the Alps (Muller, 1995; Ward et al., 1999) and a reference ecosystem for large temperate river basins (Tockner et al., 2003). The river is widely used for human activities, such as hydropower production, industry (both water use and pollution), agriculture (both irrigation and pollution), extraction of gravel material, as well as tourism and recreation (Paronuzzi, 2005; Bacini Idrografici delle Alpi Orientali, 2009). Since 2004, large parts of the river are protected within the framework of the Natura 2000 sites of the Habitat 92/42/CEE directive (Brusarosco et al., 2010). The Tagliamento River attracts the interest of international academic groups, local and national policymakers, as well as the local community, and is thus appropriate to test how information on the river and its management is channeled across the media. Both security and safety aspects and the preservation of the river have received broad coverage in the local and the academic communities. Over the years, a number of political proposals and independent studies have been made to reduce flood risk to local communities, in particular to the flood-prone city of Latisana. Plans to construct water retention basins to decrease peak flow, have been proposed and opposed multiple times (Toniutti and Ludovici, 2002; Toniutti, 2003; Toniutti, 2004). These contentious water management issues make the Tagliamento River a perfect case study to assess consistencies and differences across information sources.
The directions pursued in academic research and the extent of their impact on river management, status, and relationship with human activities (such as flood risk and its mitigation, damage to infrastructure, water quality and pollution) have not yet been analyzed. In addition, no previous studies have compared how academic literature, regulatory documents, and local newspapers portray and discuss river management and risk issues. With the proposed framework to compare coverage across document types, we identify current issues for the Tagliamento River, and suggest new strategies to increase cooperation between sectors of academia, media and governance.
METHODS
Approach Overview
In this work we use two types of keywords, which refer to (i) the most frequent words across information sources (academic, newspaper and regulatory document keywords), and (ii) the words selected from the UN objectives (UN keywords). Here we use the term “UN objectives” as comprising both (i) the Sustainable Development Goals (SDG) and their relevant targets, and (ii) the SENDAI framework, with seven targets and four priorities for action. Furthermore, the SDG and SENDAI framework are structured in different ways and employ specific terms (goals, priorities, and targets); here we use the term “target” as a general term, referring to both targets and priorities within the UN objectives.
With the term “occurrence analysis” we refer to the quantification of occurrences of keywords across academic, newspaper and local regulatory sources. We define “general word occurrence analysis” as the analysis of the most frequently occurring words within each information source. The “UN occurrence analysis” is the analysis of the occurrence of UN keywords within each information source. The methodology consists of three main steps (Figure 1):
(1) Identification of information sources: academic literature, newspaper and local regulatory documents.
(2) Selection of content and keyword groups:
a)Keywords in academic literature, newspaper and local regulatory documents, identified by screening the documents and retrieving the most frequently occurring words.
b)UN keywords, identified by sieving through the SDG and SENDAI frameworks, analyzing specific targets under each goal and selecting those that are relevant to the purpose of this analysis.
(3)Occurrence analyses:
a)General word occurrence analysis (based on 2-a): analysis of the occurrence of (i) academic keywords, (ii) newspaper keywords and (iii) local regulatory document keywords.
b)UN occurrence analysis (based on 2-b): analysis of the occurrence of UN keywords in the three information sources (newspaper, academic and regulatory documents).
[image: Figure 1]FIGURE 1 | Schematic showing the information sources, selection criteria, and occurrence analyses leading to comparisons of word occurrences across the three information sources.
Data Retrieval and Filtering
Academic Literature
A literature search in the Web of Science (WOS) database was conducted on the sixth of December 2019, to gather articles that reported studies on the Tagliamento River basin. The following string was searched in WOS Core Collection: “TOPIC: (Tagliamento River); timespan: all years; indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI”. The query returned 270 research articles, with publication dates between 1993 and 2019. These articles were then sifted through a systematic title and abstract screening to exclude articles that were not mainly related to the Tagliamento River but initially retained by the automatic filter. Titles, abstracts, keywords and bibliographic information from the returned 238 articles were exported to a text file. Two types of keywords were included in the analysis: author-defined and automatically retrieved. The automatically retrieved keywords were extracted with a “Walk-on-Spheres” text analysis algorithm, which is based on the continuous random walk method (first introduced by Muller, 1956). The specific method used within the WOS database is called Keyword Plus® (Garfield and Sher, 1993). When available, the fields “grant number” and “funding agency” were also retained for each research article. All academic literature was in English.
Local and National Newspapers
Local newspapers have hosted most of the general public debate on the Tagliamento River. Thus, we regarded them as representative of the perspective and perception of people living in the Tagliamento River basin. According to Audipress (2017), the most read newspapers in Friuli Venezia Giulia are Messaggero Veneto, Il Piccolo and Il Gazzettino. Additional local newspapers were identified from the available online sources. For completion, the top-two national newspapers (La Repubblica, Corriere della sera) and the first multimedia information agency in Italy (Ansa) were also screened.
The newspaper article selection was based on the number of results found by searching the word Tagliamento in each journal search engine. Specifically, we searched the occurrences of the word Tagliamento in at least one of the following fields: title, subtitle or body. Ansa provided very few results (less than 100 in the whole time period) and was therefore not retained in the analysis. Other newspapers did not provide a robust search page, so that the articles could not be retrieved. In particular, Il Gazzettino was not retained in the analysis due to the impossibility of downloading articles older than 15 days. After the search, a total of four local newspapers (Messaggero Veneto, Il Piccolo, Il Friuli, Udine Today) and two national newspapers (La Repubblica, Corriere della sera) were selected from the initial, broader pool.
Articles were then retrieved from each newspaper’s website by scraping the html (i.e., extracting information from a website source) with a Python script. The script also automatically filtered the search results, and downloaded only articles that satisfied two conditions: a) occurrence of the word “Tagliamento” in at least one of three inspected fields (i.e., title, subtitle or body) and b) occurrence of one of the following words in the article body or title (searched for in Italian: fiume, acqua, corso d’acqua, sponda, riva, greto; in English: river, water, watercourse, river bank, river bed, stream). All words were searched in singular, plural and their most commonly conjugated forms. The second condition was added in order to speed up the process of automatically downloading thousands of articles and in order to pre-filter results to make sure that they dealt with the Tagliamento River. The chosen terms were intentionally general and not specifically related to scientific aspects. The extracted articles were later sifted through a systematic manual screening to exclude residual unrelated articles (i.e., dealing with some events happening at the Tagliamento River but not concerning the river itself, or referring to a town that contains Tagliamento in its name).
Table 1 shows the number of search results in the newspaper websites, and the number of articles after automatic and manual filtering. After filtering, a total of 953 newspaper articles were retained for further analysis. The majority of the newspaper articles come from Il Messaggero newspaper. The newspaper for which we discarded the smallest fraction of entries is Il Friuli. Overall, the percentage of discarded articles was high (Table 1).
TABLE 1 | Newspaper search results at the time of the analysis (December 06, 2019), including the newspaper name, period of time available for download, total number of articles downloaded, number of articles retained for the analysis after filtering, and percentage of articles retained for the analysis (i.e., percentage of articles retained out of the total number of articles). The total as sum of the articles downloaded and retained for all the newspapers is also shown.
[image: Table 1]Local Regulatory Documents
In addition, a search was conducted to identify relevant local regulatory and institutional documents. We selected the main official documents issued from the Friuli Venezia Giulia region, where most of the catchment is located, regarding the Tagliamento River and the general river basin management. We did not include technical and non-technical reports written specifically for the Tagliamento River by third parties and non-governmental organizations (e.g., WWF). The total number of documents was 21 (See SI for the complete list).
Keyword Identification and Translation
The most frequently used keywords from the three information sources were analyzed to address if and how academic, newspapers and local regulatory documents are correlated in content. To analyze the word occurrences (General Word Occurrence Analysis), frequently used keywords in the three information sources were searched:
• Academic keywords: keywords based on the academic literature identified through the methodology described in Academic literature.
• Newspaper keywords: keywords based on the newspapers identified through the methodology described in Local and national newspapers.
• Local regulatory keywords: keywords based on the reports identified through the methodology described in Local regulatory documents.
Additionally, UN keywords were identified and searched within the three information sources to explore how well these sources reflect the objectives of the 2030 UN agenda. Specific keywords were selected by the authors and their occurrence was searched in the three information sources:
• UN keywords: keywords based on the UN objectives, hereby defined as (i) the Sustainable Development Goals (SDG) and their relevant targets, and (ii) the SENDAI framework, with seven targets and four priorities for action.
The UN keywords were selected based on the official description of the SDG goals, sieving through the text of both the short overarching goal summary and the specific targets under each main goal. Similarly, the SENDAI framework was analyzed and additional UN keywords were selected. Due to the subjectivity of keyword choices, for this analysis, all co-authors independently identified the targets (used here as a general term that includes the SENDAI targets and priorities of action) that each considered most relevant among those of the SDG and SENDAI frameworks and suggested corresponding keywords. A total of 22 targets were selected by all authors and subsequently retained for the analysis. Additionally, 24 more targets were selected by at least one author. While the main analysis will focus on the 22 targets selected by all authors, we will also compare results with those obtained from targets chosen by at least one author.
The identified SDGs were: SDG-6 - Ensure availability and sustainable management of water and sanitation for all; SDG-11 - Make cities and human settlements inclusive, safe, resilient and sustainable; SDG-12 - Ensure sustainable consumption and production patterns; SDG-13 - Take urgent action to combat climate change and its impacts; SDG-15 - Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably manage forests, combat desertification, and halt and reverse land degradation and halt biodiversity loss. The list of all underlying SDG targets, the SENDAI targets (four of which were considered relevant), as well as the four priorities of action, and associated keywords selected by all authors are available in SI. Some of the chosen keywords are phrases containing multiple words to follow the exact phrasing of SDG and SENDAI targets. Exact phrasing from the official English and Italian documents were used (United Nations, 2015a; United Nations, 2015b). The Italian translation of the full text of the SENDAI framework was further validated through the Civil Protection Department website - Presidency of the Council of Ministers (available at http://www.protezionecivile.gov.it/media-comunicazione/dossier/dettaglio/-/asset_publisher/default/content/una-strategia-comune-per-la-riduzione-del-rischio-disastri).
Keyword Occurrence Analysis
For the analysis of newspapers and regulatory documents—all written in Italian—we could not use readily available software because it does not work with languages other than English. Thus, we wrote specific Python codes to perform the keyword occurrence analysis and used them consistently across all information sources.
General Word Occurrence Analysis
To perform the general word occurrence analysis, the most frequently occurring words in academic, newspaper and local regulatory sources were identified. For academic articles, the title and abstract were analyzed. For newspaper articles and regulatory documents, the title, subtitle and body were analyzed. In all cases, the analysis produced a list of all words and corresponding number of occurrences. The occurrences were converted into a ‘relevance’ index by normalizing the absolute occurrence frequency to between 0 and 100 (0 = word with lowest number of occurrences; 100 = word with highest number of occurrences). The words with a relevance greater than 0.1 in each information source were then retained and plotted as word clouds. Words with multiple meanings were omitted (i.e., the word state can be used as a verb or a noun, which can lead to over counting in ways that are not reflective of the topic). The word river has been omitted because it was part of the original search criteria. Academic keywords, newspaper keywords, and local regulatory keywords were compared across information sources. To perform the comparison, the keywords were translated from Italian to English when necessary. Word clouds were used as a simple means to show similarities or differences across the three information sources.
UN Occurrence Analysis
To explore how each of the information sources reflects the objectives of the 2030 UN agenda, we performed the UN occurrence analysis. In some instances, the UN keywords selected by all the authors from the Italian text of SDG and SENDAI resulted in a higher number of keywords than the English version, due to singular/plural forms. Such keywords were then combined in the English corresponding translation to reach the same result.
For each SDG and SENDAI target, we calculated the sum of the UN keyword occurrences (as identified in Local Regulatory Documents). The total occurrences for each target were then normalized by dividing the number of UN keyword occurrences by the total number of words in each information source. For newspaper and scientific articles, the total number of words was calculated only from the selected articles. This normalization was performed separately for each information source (academic, newspaper and local regulatory documents). This normalization allows comparing the UN keyword occurrences across the different UN targets for each information source. However, because some targets have more keywords than others, there will be more occurrences in targets with more keywords.
A second type of normalization was performed by dividing the UN keyword occurrences by the number of keywords in each target. Also in this case, the normalization was performed separately for each information source. This normalization allows comparing the UN keywords occurrences across the different UN targets without any bias caused by the different number of keywords for each target. However, in this case there will be more keywords in information sources with more total words. Therefore, the two normalization approaches provide complementary perspectives on how keywords are partitioned among information sources and targets.
Correlation Analysis
To test our hypotheses in a quantifiable way, Pearson´s correlation coefficient was used to test if the same words were common in more than one information source, i.e., how similar information sources were in the word and frequency of words they used. The Pearson´s correlation coefficient was calculated between the number of occurrences of common words from pairs of information sources. The Pearson´s correlation coefficients were performed on log-transformed values. The correlation coefficient was not used in the general word occurrence analysis because of the limited word overlap (See General word occurrence).
RESULTS
General Word Occurrence
The most frequent words (with a relevance greater than 0.1, see General word occurrence analysis) from academic, newspaper and local regulation sources are shown in word clouds respectively in Figures 2A–C. The number of words with relevance greater than 0.1 are 37 for academia, 61 for newspapers and 75 for regulation. The top-10 words for the three information sources are: Academic: channel, floodplain, flood, island, habitat, vegetation, sediment, flow, braided. Newspaper: water, Latisana, regional, river course, safety, mayor, Friuli, municipality, bridge, civil protection. Regulatory: plan, basin, water, areas, interventions, regional, habitat, landscape, protection, species. There is very little overlap among the most frequent words: only 4 words co-occur between academic and local regulation sources, 13 words between academic and newspaper sources, and 21 between newspaper and local regulation. The only words that co-occur in the three sources are area, flood and water. The word flood has an occurrence of respectively 0.26 in academic literature, 0.21 in newspapers articles and 0.24 in local regulatory documents.
[image: Figure 2]FIGURE 2 | Word clouds showing the most frequent words in the filtered academic literature (A), filtered newspapers articles (B), and local regulatory documents (C). All keywords are shown in English (translated).
UN Keyword Occurrence
A total of 147 UN keywords were identified for the 22 selected targets. The occurrence of these keywords in academic, newspaper and regulatory documents is shown in Figure 3. Based on our analysis, 55, 42, and 60 UN keywords occur at least once in these three sources, respectively. Most keywords occur in more than one of the sources, with a total of 62 different UN keywords occurring in at least one of the three source groups. These keywords are shown in Figure 3A. In the academic literature, the most-occurring UN keyword is environment, closely followed by ecosystem. Other frequently occurring UN keywords in the academic source are response, restoration, biodiversity, conservation, climate, aquifer, hazard and recovery. In newspapers, environment is also the most frequently occurring UN keyword, followed by risk, services and management of chemicals. In newspapers, these terms are followed by a number of terms that suggest actions, such as collaboration, protection, response, as well as access, climate and ecosystem. In the regulatory documents, risk is the most-occurring UN keyword with almost 800 occurrences, followed by hazard and conservation. Environment is in the fourth place, despite a greater total number of occurrences in the regulatory documents than in both the academic and the newspaper literature. The other most-occurring UN keywords in regulatory documents are mitigation, services, infrastructure, protection, capacity and rehabilitation.
[image: Figure 3]FIGURE 3 | (A) Absolute number of occurrences (x axis) of UN keywords (y axis, organized in alphabetical order) in regulatory (green), academic (blue) and newspaper (red) documents. Only the keywords with at least one occurrence in both sources in a given panel are listed. (B–C) Scatterplots of absolute number of occurrences of UN keywords in (B) academic and (C) regulatory sources, vs. the absolute occurrence number in newspapers (each data point represents a word). Data shown in log-log space.
Figures 3B,C show results of the correlation analysis among word occurrences—correlated data indicate that words are on average occurring with similar frequency in two sources; in contrast, un-correlated data indicate that words frequently appearing in one source do not appear in the others. Both plots show some level of agreement among sources, with significant (p-value <0.05) Pearson correlation coefficients of 0.38 between academic literature and newspapers, and 0.6 between regulatory documents and newspapers. The Pearson´s correlation coefficient between academic literature and regulatory documents is 0.17 (data not shown) and not significant (p-value = 0.16). Despite the general agreement between academic articles and newspapers seen in Figure 3B, some relevant keywords, like services, risk mitigation, risk management, infrastructure and pollution, have high relevance for newspapers, but are almost never used in the academic literature, drawing down the overall correlation. The correlation is higher between regulatory documents and newspapers, but also in this case some terms have high relevance for regulatory documents, but low occurrence in newspapers. Some of the terms occurring in regulatory documents, but not in newspapers, are rather technical terms, like restoration, adaptation, wastewater, while others are important for the general public, like public health.
Figure 4A shows the total UN keyword occurrences selected by all five authors, taken from the SDG and SENDAI frameworks. The UN keyword occurrences for each target are normalized by the total number of words within each of the three information sources (indicated by different colors) as described in 2.4.2. With this approach, we can compare the occurrences across the UN targets for each information source. The terms used in the SENDAI framework, related to disaster risk reduction and governance (in particular SENDAI-1), are highly represented in all sources. Specific SDG targets are also highly represented, but less consistently in the different information sources.
[image: Figure 4]FIGURE 4 | Polar chart showing occurrences of the UN keywords in the three information sources, including only the occurrences of keywords selected by all five authors. Occurrences are shown for the academic (blue), newspaper (red) and local regulatory (green) sources. (A) Total UN keyword occurrences of UN objectives normalized by the total number of words in each information source (academia, newspapers and regulation, being approximately 86.000, 314.000 and 743.000, respectively). The data is the same for the three word occurrence distributions because occurrences have been normalized by the total number of words in each information source. (B) Total UN keyword occurrences of UN objectives normalized by the number of UN keywords identified in each UN objective.
Because the number of occurrences increases with the number of keywords identified within each target (minimum = 2, maximum = 22), an additional normalization according to the number of keywords within each target was performed (Figure 4B). With this approach, we can compare the occurrences across targets, but the relative differences among information sources are caused by the contrasting total number of words in each source; e.g., regulatory documents are typically long, leading to a large number of keyword occurrences. In the academic literature, the main targets are SENDAI-1 and -4, SDG-15.1 and SDG-6.6. Newspapers also focus on terms included in most of the SENDAI targets, SDG-12.4 and 13.1. Finally, regulatory documents deal mostly with topics related to SENDAI targets, SDG-6.3, 11.B, 13.1, and 15.1. The two normalization approaches are consistent in identifying SENDAI-D, SENDAI-1 to -4, SDG-11 to -15 among the most frequently discussed targets across all information sources.
DISCUSSION
We have presented and applied a scalable framework to compare different types of information sources to each other via keywords associated with various UN sustainability objectives. The methodology allowed us to quantify the degree of consistency among information sources. In addition to those investigated here, the sources could include citizen-based information, which would widen the general applicability of the methodology. The presented methodology aims at facilitating assessment of the degree of information transfer from one source to another, by identifying consistencies in keyword occurrence across the different sources. In the following, we discuss the study results in the context of our hypotheses (Is There a Disconnection Between Science and Policy?) and in relation to the particular case of the Tagliamento River (Tagliamento River Management: A Fragmented Debate?), as well as regarding more general implications of the methodology (Methodological Implications) and future outlook (Future Outlook).
Is There a Disconnection Between Science and Policy?
The disconnection across the information sources depends on which method is used to compare these sources—either general word or UN keyword occurrence analysis. The analysis of the most frequently occurring keyword in each of the three information sources, i.e., the general word occurrence analysis (General Word Occurrence), showed that the main topics covered within each source are indeed different from one another, at least in the context of the selected case study. Very few words co-occur in two of the information sources, and only four co-occur in the three sources, showing that overall the words used in each source are different. Academic literature focuses more on river dynamics, hydrological and morphological aspects, and less on river management and conservation issues. Regulatory documents focus more on river management, including allowable activities on the riverbed, ranging from bank protection and sediment management to organization of cultural events (related to hot topics identified in Methodological Implications). The local regulatory documents address common territorial planning topics, e.g., land management, construction of infrastructures, river banks maintenance and consolidation (relevant also for newspapers), as well as the problem of habitat protection (a topic in common with academic literature). Newspapers focus more on local politics and its relationship with the Tagliamento River, with the debate mostly driven by risk-increasing factors (e.g., autumn rain, summer activities, etc.).
While the general keywords hint to a lack of correlation among information sources, the UN keyword analysis showed correlations between occurrences of words used in academic literature and newspapers, and in regulatory documents and newspapers (Figure 3). In contrast, the UN keyword use in regulatory documents is not significantly correlated with that in the academic literature. The distribution of the UN keyword occurrences across SDGs and SENDAI objectives, however, showed strong differences between the three information sources, in particular for the SDGs (Figure 4). Academic literature focused on SDG-15 (biodiversity and ecosystem aspects) and SDG-6 (water access and management), specifically regarding target SDG-6.6 that regards protection and restoration of water-related ecosystems. In contrast, newspaper and regulatory documents focused more on SDG-11, 12 and 13, which cover socio-economic aspects, environmental management and climate change, respectively. Overall, our analysis only partially supports our first hypothesis, where we expected to find differences in occurrence of SDG- and SENDAI-related topics across the academic, regulatory and newspaper sources, as we do find some discrepancies across the three information sources. In turn, some terms related to the SENDAI framework were often present in the three sources, in particular the SENDAI-1, focusing on disaster risk management (Figure 4C), and the SENDAI-4 for preparedness, recovery and response actions.
Our second hypothesis, that local regulatory documents would be partly correlated with both academic literature and newspapers, was also only partially supported. Some keywords from the SENDAI framework occur most frequently in newspapers, least frequently in the academic literature, and at intermediate frequency in regulatory documents (Figure 4C). This suggests that local regulation places intermediate priority on certain topics, compared to the two other sources of information, in support of its mediation role hypothesized in our second hypothesis. In contrast to this interpretation, however, there is the lack of correlation between UN keyword use in regulatory documents and academic literature (Figure 4), which seem to overlap only for SDG‐15.1. Since we only considered local institutional and regulatory documents, this result does not necessarily reflect the focus of national regulatory documents, but points to issues tackled by the local regulatory institutions. Nevertheless, the analysis of local regulation documents shows that the hypothesized intermediate role of regulatory documents is only partial. Thus, regulation does not seem to be significantly connected to the academic literature.
A main finding is that the UN keywords used in the academic literature are not aligned with those used in the newspapers and regulatory documents (as shown by the lack of correlation). European Union funding, focused on the EU Water Framework Directive, might have directed academic research and literature toward biodiversity topics as a priority. Such research and research-funding specificity may have fostered the disconnection from other knowledge advancement needed for more general sustainability governance and policies toward the 2030 Agenda. Indeed, the role of SDGs to foster an ecosystem-based disaster risk reduction have already been suggested at global scale (Briceño, 2015) and specifically for Europe (Faivre et al., 2018). Furthermore, Tang and Rundblad (2017) showed that the analysis of media reports from newspaper and web-based media exhibits a wide range of patterns due to the differences in language used to communicate specific risks. Other authors have observed disconnections between science and policy, and pointed out the need to intensify interactions, cooperation and inter-and trans-disciplinary research to bridge this gap (Scolobig and Pelling, 2016). Further work is therefore needed to explore the cause for this disconnection between research and the other information sources.
Tagliamento River Management: A Fragmented Debate?
River management includes a duality in the river representing a resource but, at the same time, also a threat to safety. River managers and policy-makers have often considered rivers as a source of natural hazards while underplaying the role healthy ecosystems have in providing multiple social and economic benefits (Tickner et al., 2017). In our specific case study, the flood risk in the floodplain downstream of the Tagliamento River´s braided course represents a major territorial planning issue (Spaliviero, 2003). This issue requires governance strategies that integrate the different branches of society involved in river management, with the general aim of sustainable long-term solutions (Gregory et al., 2011; Di Baldassarre et al., 2018). However, our results show that academic literature, newspapers and regulatory documents focus on different aspects of river management and correlations become evident only when UN keywords are considered (Is There a Disconnection Between Science and Policy?). In the general word occurrence analysis, the most recurrent words in newspapers focus on local management and political aspects, e.g., Latisana, the flood-prone town in the lower course of the river, which is often mentioned. However, the general term risk has low occurrence in newspapers, suggesting that specific locations such as Latisana are considered more important for delivering a message of interest to the general public than technical terms such as risk. However, risk is most occurring word in regulatory documents, followed by hazard. In the academic literature, hazard is number 10 and risk number 12, with the 9 most used words largely relating to conservation, restoration and biodiversity (See General word occurrence and SI). In 2019, a polemic newspaper discussion on water retention basins—which could lower flood risk—was exacerbated by a particularly rainy autumn season. The debate in local newspapers was then mostly conducted by political representatives of different local communities, who presented divergent opinions from “upstream” and “downstream” municipalities on proposed river management actions. The administrative fragmentation and the large divide between the involved stakeholders seem to obstruct consensual decision-making to reduce flood risk in the basin.
While a clear risk-reduction strategy is needed, only a small fraction of academic research on the Tagliamento river is devoted to the estimation of expected flood-related losses and damages. The word flood is one of the few that occur across the three information sources in the general word occurrence analysis with similar relevance (General Word Occurrence). However, flood is not among the UN keywords, where the more general term risk is used instead. More risk-related research and monitoring may fill important knowledge gaps and support evidence-based knowledge to policy makers and, eventually, the public. For example, river stage is measured continuously in a few cross-sections but updated discharge measurements are lacking (Peressi, personal communication). Therefore, the academic literature appears to focus on different aspects of sustainable river management compared to regulatory documents and newspapers ‐ the latter in particular track short-term, urgent issues rather than long-term ones as would be required for sustainable management.
Methodological Implications
The choices of SDGs and targets, and the keyword selection process are central in our analysis. The targets address widely different water quantity and quality aspects, impacts and risks, and the choices of different UN keywords reflect author subjectivities and may introduce analysis and result biases. Generally defined as value judgment, this concept can play an important role in regulatory science (Elliott, 2019). In this research, subjectivity issues are particularly relevant in the steps involving the choice of UN keywords. In order to prevent problems arising from subjectivity in the choice of water-related SDGs and targets in this study, we performed a two-step selection: each author first independently selected both targets and keywords, and then the choices were compared to identify keywords and related targets selected by all authors, and those chosen by at least one author (Figures 5A,B respectively). The comparison shows only small discrepancies for objectives SDG-12 and SDG-13, while the overall selection pattern is similar, with the highest keyword occurrences exhibited for the SENDAI framework. This means that, in this research, the inclusion of single preferences does not significantly affect the results.
[image: Figure 5]FIGURE 5 | Polar charts showing UN keywords identified across the academic (blue), newspaper (red) and local regulatory (green) document sources from UN objectives considered relevant (A) by all five authors and (B) by at least one author. (C) Occurrences of UN keywords in filtered (solid line) and non-filtered (dashed line) newspaper articles normalized by the total number of words in filtered and non-filtered newspapers (note that the number of words in the unfiltered newspapers is about three times the number of words of the filtered newspapers).
In addition, the fact that we performed an analysis based on two languages may introduce noise. In particular, even if official and technical keywords can be translated based on official documents, the analysis of newspapers requires the use of synonyms to account for the less-technical language typical of the Italian press. In particular, newspapers are likely using the word risk to address a wide range of concerns raised by scholars, as the word can be used as a general term. In this example, though, the word risk does not occur much across newspapers (Tagliamento River Management: A Fragmented Debate?).
The analysis presented here did not explicitly account for the context from which we extracted the words. This de-contextualization has been partially overcome through manual screening of newspaper articles, making sure that their content was pertinent to the topic. Moreover, the results are influenced by the language styles of different information sources. To address both of these potential issues, we focus on words that have unique meanings in all the languages involved and/or are less prone to misinterpretation (for instance by focusing on hazard instead of risk when comparing occurrences). Moreover, our approach combines automated and manual screening of content, as advocated by Hamborg et al. (2019), providing a simple yet flexible methodology.
Across the information sources, there is a temporal mismatch with newspapers covering the last 20 years, and scientific articles covering a longer period, starting in the 1990s. Lengthening the search period increased the number of research articles only somewhat–a total of 8 publications between 1993 and 2000, out of 238 retained research articles. However, removing the earlier research articles does not affect the results (not shown). Additionally, we controlled for differences in the length and number of documents by normalizing the UN keywords by the total number of words in each information source (Figure 4A) this allows comparing keyword occurrences across targets for each information source.
Our methodology is based on the analysis of text documents and can be improved with more sophisticated tools for article retrieval and text analysis. Regulation documents were available in pdf format, and the conversion to text may lead to errors (e.g., encoding). As for the academic articles, authors-defined and automatically retrieved keywords cover different topics, but their efficacy in summarizing a scientific contribution still needs to be explored (Zhang et al., 2016). The scraping of online content from newspaper sites is conditioned by (i) the newspaper’s search engine, (ii) the server response, which may be temporarily unavailable, and (iii) the html structure that may change in time. These limitations may be solved by using digital archives or Application Programming Interfaces (APIs) on web content using existing content tags when available (Afonso et al., 2012). In addition, the scraped newspaper articles were filtered manually in order to discard items that were not significant for the analysis. This is a necessary step because the scraping script is not able to detect aspects such as the appropriateness of the topic. However, it also introduces some subjectivity in the methodology. To assess the impact of this subjective step, we also compared results before and after the manual filtering. The analysis of UN keywords occurrences normalized by number of words in each source shows that the normalized occurrences in filtered articles are higher than in the total (non-filtered) articles (Figure 5C). This is due to the fact that the filtered articles deal with pertinent topics, so that the likelihood of finding UN keywords is higher, even though the number of words in the non-filtered newspaper articles is approximately three times the number of words in the filtered articles. In contrast, the non-filtered articles contain also non-relevant content, which is unlikely to contain the UN keywords, indicating that discarding the articles did not affect the final result (Figure 5C). Thus, the methodology is robust with respect to the manual filtering step.
Some differences appear when analyzing relevance for SDG-6 and SDG-11. The associated SDGs keywords occurred more frequently in the unfiltered newspaper articles, in particular due to many articles related to drinking water quality. Some of these articles were discarded through manual filtering because the water source was not the Tagliamento River but other rivers and lakes in the region. The articles related to the following human activities, but not directly related to the Tagliamento River, were also discarded:
• highway construction work,
• deaths/incidents to people,
• advertisement to various events that “use” the river but not directly related to their impacts
• drinking water issues (not related to the river stream but to alpine dams)
In addition, the manual filtering of newspaper articles allowed the authors to identify a list of hot topics that underline the importance of interactions between society and the river system, and in particular impacts and losses associated with extreme river events. The following hot topics were identified and retained:
• waste dumped into the river
• river drought and impact on agriculture
• river floods
• maintenance of river levee/banks
• river access (e.g., bike and car races) and its impacts on the environment
The hot topics identified in manual filtering and the discarded activities show aspects of relevance to society that affect politics and governance in the area. Such topics also need to be addressed by the scientific community in order to a) improve the evidence basis for socio-political debate, and b) give better tools to address and solve the issues (as mentioned by Goodall, 2008).
Communicating natural hazards and risk is a complex task, involving aspects ranging from cultural factors to personal experiences and beliefs (Terpstra et al., 2009; Wachinger et al., 2013). Feldman et al. (2016) show that both traditional and social media play an important role in disseminating risk-related information to the public. Some media-driven initiatives have already been effective in increasing public attention on the value of the Tagliamento River: the movie entitled ‘White Noise’ (Fasulo, 2008), which depicted the natural forces shaping the river and the relationship between local communities and the river; and the national television show ‘Sapiens’ (Tozzi, 2019), which dedicated an episode to the Tagliamento River, underlying its uniqueness in Europe and the need to preserve it. However, social media can also contribute to debate polarization and spreading of fake news and false information (Lazer et al., 2018). These aspects require further analyses of a wide spectra of sources such as newspapers, social media (e.g., Twitter) television, cinema, etc. In particular, social media analyses can provide meaningful information on societal risk perception and serve as powerful tools during emergency situations such as floods.
Preliminary analysis of Twitter content, scraped via a Python script, shows that in the period 2008–2020 there are a total 1,110 and 592 tweets for the search key ‘fiume Tagliamento’ and ‘Tagliamento river’, respectively (search performed in March 2020). Given that most tweets are concentrated over the last five years (2015–2019), and the tweet content is too small to perform a robust occurrence analysis, they were not included in the present work. As for Facebook and other social media, feasibility and legal limitations of the scraping process should be assessed, and might be replaced by the use of specific APIs. Finally, the analysis of social aspects can be complemented with surveys and questionnaires, e.g., on water-related hazards. All these different sources of information may be considered in the methodology presented here, to achieve a better understanding of the different sector priorities, perceptions, and their relationships with the 2030 Agenda and its challenges.
Future Outlook
Although both public and academic attention for river-floodplain systems management have been increasing in the last decades, there is intense debate on the utility of scientific results for decision-making purposes (Dilling and Lemos, 2011). Scientific findings and integrated river management strategies need to be effectively communicated between both sectors as well as with the general public (Baan and Klijn, 2010). Scientists need to become facilitators in these societal interaction processes (Köhler et al., 2019; Schneider et al., 2019; Turnheim et al., 2020). For example, results from socio-hydrological studies could assist communities to make informed decisions that account for management of water resources and other aspects of sustainable development (Bai et al., 2016; Di Baldassarre et al., 2019). However, this study shows that the topics covered by academia, regulatory bodies and newspapers are rather disconnected, as observed elsewhere (Liu et al., 2008; Weichselgartner and Kasperson, 2010). For policy-makers to integrate scientific findings, a common vocabulary is necessary.
To meet the sustainability objectives within the 2030 Agenda, participatory research approaches are needed, but remain poorly integrated into the larger-scale assessments that dominate the SDG research (Bennich et al., 2020). Participatory approaches could include surveyed perception on water-related hazards (See 4.3), or hot topics identified here, to move discussion toward a concerted view on the future of river management that could take into account both river protection and risk management. Furthermore, standardization of terminology and time-frame perspectives are necessary to communicate across stakeholder groups. While sustainability typically relates to long-term processes, various intermediaries (e.g., newspapers and their audience) may focus on short-term time scales. Agreement in terminology and applicable time-scale is necessary for research to be shared with relevant stakeholders at local, regional and global levels, as also suggested by the Responsible Research and Innovation guidelines (European Commission, 2020). Participatory approaches increase interaction across sectors and help to develop uniform terminology. This in turn can enhance the co-creation of knowledge and social learning, spread common understanding of concepts, as well as augment collaborative approaches between researchers and other societal actors (Estellie Smith, 1995; Bruckmeier and Höj Larsen, 2008; Leys and Vanclay, 2011; Page et al., 2020). Continued and expanded use of the methodology developed and presented in this study can help quantify the effects of such joint efforts to progressively improve communication and knowledge transfer across the science-policy-practice interface.
CONCLUSION
We have assessed differences among academic, newspaper and local regulatory information sources on river-related UN sustainability objectives in the 2030 Agenda by analyzing: (i) general word occurrences in the information sources, and (ii) occurrences of specific UN keywords associated with the SDG and SENDAI frameworks. Across the three information sources, we observe the greatest disconnection between the academic and local regulatory sources, whereas topics covered by newspapers are partially correlated with those covered in either academic or regulatory documents.
The SDG and SENDAI objectives provide a framework for political and local stakeholders to design effective river management strategies and practices. In turn, these strategies and practices rely on continuous progress made by scientific research. These research activities should be communicated with and informed by the needs and knowledge of society and the public. While sustainability issues are covered consistently in newspapers and regulatory documents, the discrepancies between scientific literature and regulatory documents indicate that there are only limited two-way interactions between science and policy.
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