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Abstract

:

Hydropower is a highly appreciated climate-friendly source of energy production. However, it has non-negligible negative impacts on the environment and landscape aesthetics where the energy is produced, affecting the recreational interests of the public using the respective local river spaces. The preferences of the local public are increasingly assessed and involved in the planning of mitigation measures for impacted rivers. Aesthetic assessment methods using a common user perspective, i.e., an “on-the-ground” perspective, could potentially be improved by using an aerial perspective facilitated by modern drone technology. Studies on the compatibility of these two perspectives of assessment in terms of public preference elicitation are lacking so far. In river Nea, Norway, we conducted a quantitative analysis of the visual preferences of the local public for different environmental mitigation measures related to weirs, minimum flow, and recreational infrastructure using both perspectives. The results indicate that there exist significant differences in the preferences for scenarios based on the two different visual perspectives, and that a compatibility between them cannot be assumed and therefore requires further investigation. Finally, based on our study setup and previous experience, we outline and propose a standardized procedure for the visualization of mitigation measures as an input to environmental design projects where public perception is incorporated.
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1. Introduction


There are large ambitions for a green energy transition worldwide in order to mitigate climate change and to rely increasingly on renewable sources of production. Hydropower production is one of the main pillars of this green energy transition. However, as with all sources of energy production, hydropower generation has non-negligible environmental impacts and is frequently seen as severely degrading river ecosystems and local biodiversity [1,2]. It also affects the aesthetic qualities and the recreational use of the respective local river spaces where people live [3,4]. Impacts on environmental, aesthetic, and recreational use are found to be highly relevant for the public perception and acceptance of hydropower projects [5,6]. The involvement and participation of the public in the planning of new and the revision of existing hydropower infrastructure is becoming increasingly relevant [7] and is mandated by the European Water Framework Directive as well as national guidelines [8,9]. As a consequence, there is an increasing number of assessments of local public preferences for environmental mitigation measures in rivers or lakes that are regulated for hydropower production [10,11]. Hereby, the use of visual simulation of different environmental mitigation scenarios at stake is a very valuable method.



The environmental impacts of hydropower production relate, in general, to changes in the natural flow and water temperature regime, hydro-morphology and sediment transport, the loss or alteration of habitats, obstructing downstream and upstream fish migration past dams, weirs, and other infrastructure. The impacts are so far best known for fish species, and many environmental mitigation measures aim to improve living conditions for fish specifically. Fish are a central quality element in the European Water Framework Directive and are considered a suitable indicator for hydro-morphological alterations in rivers [12].



Alterations of flow and water temperature can be mitigated by releasing environmental flows of a suitable volume. Different structural mitigation measures, such as constructing riffles and pools, adding stones and gravel, and adding large organic debris, when combined with flow release are used to re-establish or improve habitats. Guiding devices and fine trash racks can help fish move downstream. Fish ladders and nature-like fishways in dams in addition to removing or adjusting weirs can help them move upstream. Another common mitigation measure has been fish stocking [13]. While some of these environmental mitigation measures are not visible to the public, others affect the river landscape aesthetics, e.g., changes in flow, the removal/adjustment of weirs and low-head dams. These can be decisive for the approval or disapproval of measures by the local public. The most common view taken to develop and present visual scenarios of river scenes to the public in order to elicit its preferences has been an “on-the-ground” perspective, one that a person standing on the riverbank looking over the river would have [10,14,15,16]. There is an ongoing discussion on which perspective would be the most valid one in assessing visual preferences [17,18,19], including the question as to whether modern LIDAR/drone technology and the resulting aerial perspective would improve assessments by providing a larger overview of a scene [20,21]. Studies on the compatibility of these two perspectives of assessment—i.e., the compatibility of the on-the-ground and aerial perspectives—in terms of public preference elicitation are lacking so far.



Historically, weirs were introduced in rivers mainly for hydraulic and hydrological control as well as for aesthetic reasons, due to a lack of water cover in river sections with reduced flows [22,23]. Later studies have shown that weirs may be a threat to riverine species in terms of both their habitats and migration [24,25,26,27]. The adjustment and removal of dams and weirs are now considered a relevant environmental measure [28,29]. In a Norwegian study on weir removal, Fjeldstad et al. demonstrated that hydraulic modeling could be used for to simulate suitable fish habitats before and after weir removal [30]. Another example of the use of hydraulic simulation in a weir removal study is given by Mouton et al. [31], indicating improved habitat conditions for fish after removal. More recently, Tang et al. demonstrated improved fish migration and habitat suitability by removing a low-head dam [32]. While hydraulic models can provide flow-related hydrodynamics in river sections affected by environmental measures [33,34], few studies have used hydraulic model outputs to set up visual representations of the consequences of environmental measures such as weir adjustment or removal. One example of the visualization of environmental measures is given by Barton et al. in a multicriteria analysis study, where hydraulic simulations were used to set up photo scenarios for weir removal as an input for a reference group survey [10]. While the above-mentioned study provides a good example of a visual preference study, a standardized procedure for developing visual scenarios for preference elicitation has yet not been established.



We conducted a case study at the Norwegian Nea River with a quantitative analysis of visual preferences of the local public in the adjacent municipalities for different environmental mitigation measure scenarios related to weirs, minimum flow, and recreational infrastructure using both on-the-ground and aerial perspectives. We used hydraulic modeling to simulate outlines of the water-covered area for each alternative scenario of environmental measures. The outlines were used as an input for photo manipulation of the different scenarios. Photos were taken from two separate perspectives: aerial, using a drone-mounted camera, and on-the-ground, using a standard hand-held camera. We describe the procedure of generating visual simulations of environmental measure scenarios for preference assessment in the Materials and Methods section.



Our main objectives were to:




	(1)

	
Establish a standardized procedure for preference assessments using visualization of mitigation measure scenarios;




	(2)

	
Shed more light on the issue of aerial versus on-the-ground perspectives in terms of potential improvement of visual assessment studies. For the latter objective we tested the hypothesis that there are no significant differences between public visual preferences for scenarios with an on-the-ground perspective and scenarios with an aerial perspective.










2. Materials and Methods


2.1. Study Area


The study was conducted in the Nea River, situated in Central Norway (Figure 1). The Nea River runs through the Selbu and Tydal municipalities, where the power company Statkraft operates several hydropower plants and reservoirs along the course of the river. The regulation in the study reach includes an upstream reservoir and high-head dam, a bypass section, and a downstream outlet. Thirty-three low-head weirs were introduced to the bypass section in the 1980s to increase the water-covered area during low flows. A minimum flow of 1.5 m3/s is released at the dam from May through September. No flows are released outside this period.



The Nea River is part of the Nidelv catchment (3118.4 km2), which originates in Sweden and runs into a fjord close to the city of Trondheim. The total length of the river is 176.9 km. The study reach is 30.0 km with a steep valley landscape in the upper part (Figure 1e) and a river delta landscape with floodplains dominated by agriculture in the lower part (Figure 1d). In the upper part of the study reach, the river is 20–200 m wide with depths ranging up to 3 m during normal flows. In the lower part, the river width is in the range of 50–230 m with depths up to 6 m close to the outlet into lake Selbusjøen. Most sections are within the 1–2 m depth range. The study reach is mainly dominated by gravel, with sections of larger rocks in the upper part and sand in the lower part. Due to the minimum flow release (i.e., 1.5 m3/s during summer, no flow release during winter), the flow regime is dominated by inflow from tributaries. During a normal year of precipitation, the average flows in the upper and lower parts of the study reach are 5.3 and 18.9 m3/s, respectively. The corresponding flows before regulation for hydropower was implemented were 67.8 and 75.4 m3/s, respectively.




2.2. Method Outline


The visual simulation of the environmental measures and survey of public preferences was done in a structured way, building on earlier experiences in previous studies [10,30,35]. Figure 2 gives an overview of the methodology we used for the assessment of visual preferences in this case study, and which we propose as a standardized procedure for such assessments in the future. It included initial site selection and scenarios of environmental measures, hydraulic modeling, the visualization of environmental scenarios during different flows, and finally the public preference survey. The procedure is further described in the following chapters.




2.3. Selection of Sites and Environmental Measures for Scenario Development


The selection of representative sites for visual simulation of measures in the study area was based on two criteria: (1) its relevance for recreational activities and (2) its bathymetric coverage obtained during the green LIDAR scanning process.



The first site-selection criterion was based on a qualitative pre-study, in which we had located where along the river the different types of use and recreational activities occurred. The different types of recreational use were each represented by one weir, resulting in the choice of weir no. 1 (named “Bogstadhølen”), no. 7 (named “Hyttbakken Bridge”), and no. 22 (near the Lower Nea power station). The separate locations of the three weirs are shown on the map for the study area in Figure 3.



The second site-selection criterion was based on riverbed point measurement density during the pre-study green LIDAR data collection. To adequately simulate the water-covered area on different flows during the hydraulic modeling, riverbed coverage needed to exceed a certain density threshold (>1 points/m2 on average in the area surrounding the weir and close to the riverbanks).



The choice of specific mitigation measures to be visualized in our study was based on the following sources:




	(1)

	
A pre-study assessment report by Sweco [36] that proposed a series of potential structural mitigation measures at the weirs in the Nea River.




	(2)

	
Expert opinion discussions by an interdisciplinary project group of research scientists active in the HydroCen national research center, including hydraulic engineers, fish ecologists, and a social scientist. This group of experts inspected the weirs in the Nea River during a joint visit in June 2019, discussed the measures proposed by Sweco in 2015, and drafted an adjusted set of measures coherent with new insights and experiences from research and practice, e.g., Pulg et al. [12].




	(3)

	
Flow conditions: We used the minimum summer flow of 1.5 m3/s as a basis in the upstream part of the study area. In addition, we added a flow scenario of 3.0 m3/s as a realistic requirement after an upcoming revision of concession terms [37]. The flows were used as an input for the hydraulic assessment.




	(4)

	
A qualitative pre-study of recreational use in the area as reported in [3], where the addition of recreational infrastructure on the riverbank near the weirs as a potential mitigation measure related to local visual preferences was identified.









Based on these sources we set up a draft of weir adjustments, relevant flow quantity, and recreational infrastructure. The two most relevant factors when deciding upon the shape of weir adjustments were fish migration (more specifically for brown trout, Salmo Trutta L.) and hydraulic stability across the weirs for different flows. For brown trout, the channel had to be shaped to facilitate possible upstream and downstream migration. This included inserting larger rocks just upstream of the entry point to the deepest channel across the weir to avoid too high velocities through the channel at higher flows. To provide hydraulic stability, the deeper channel was supplied with an adjacent shallow channel on one side. During higher flows, the water would thus fill the shallow channel in addition to the deep channel, allowing for a reduction in hydraulic stress on the entry point of the adjustment area, and a possible alternative migration route for brown trout.



Based on the project group discussion and drafts, each weir had three configurations to be simulated and visualized: original weir, adjusted weir, and full removal. For the original weir and the full removal configurations, two scenarios were added (based on [3]): (1) no recreational infrastructure and (2) added recreational infrastructure. The added infrastructure included a walking path, an information plate, boards and benches, and a campfire. The adjusted weir configuration consisted of two separate types of adjustments: (1) a lowering of the midsection and a deep channel across the weir and (2) a riffle-pool-type adjustment with cell-shaped, partly overlapping pools with a riffle structure in the overlapping sections. The first adjustment type was simulated in weirs no. 1 and 7, while the second adjustment type was simulated in weir no. 22. The adjusted weir configuration had no added recreational infrastructure during the visualization. During the subsequent hydraulic simulation all scenarios were run on (1) a typical mid-summer low flow specific to the location of the weir (i.e., 1.5 m3/s at weirs 7 and 22; 3.0 m3/s at weir 1), and (2) a doubled low flow rate (3.0. m3/s at weirs 7 and 22; 6.0 m3/s at weir 1). Table 1 summarizes the measures related to weir configuration and adjustments, simulated flows, and recreational infrastructure visualized in the single scenarios.




2.4. Hydraulic Modeling of Environmental Measure Scenarios


The Nea River was scanned with an airplane-mounted green LIDAR in 2018 and 2019. A green LIDAR scans the terrain using several light beams in the visible and near-visible spectrum, where the green light can penetrate a water surface. The scan returns a three-dimensional local point cloud, with each point’s position defined in x-, y-, and z-coordinates. Fixed ground points with global coordinates are used to georeference the LIDAR point cloud. During scanning, the light in the beam is reflected off the surface of the terrain and returned to the LIDAR lens. In the LIDAR, the time of return and signal footprint are captured and determine the position and type of surface the light beam has hit. In post-processing, the surface points are then classified into different types of terrain.



The overall results from the scans of the Nea River were poor to adequate in areas with depths less than 1.0 m, while deeper areas were missing in the riverbed classification. Most areas of interest for the current study were in the shallow parts of the river. We used high-definition aerial images and local depth knowledge to estimate the height of the riverbed in the deeper parts of the river. The aerial images were downloaded from www.norgeibilder.no, accessed 1 June 2019. We used the riverbed classified points in the LIDAR dataset and supplied with manual adjustment using polygons and -lines with defined bed levels in the deeper sections of the river to set up a base raster terrain file using natural neighbor interpolation in ArcGIS [38].



We used Hec-RAS (HEC-RAS 5.0.7., https://www.hec.usace.army.mil/software/hec-ras, accessed on 1 June 2019) for modeling. Hec-RAS is a river analysis system that allows for one- and two-dimensional calculations of river hydraulics. We used the green LIDAR and polygon/-line interpolated raster terrain file as a basis for a 2D hydraulic model. The model was calibrated by adjusting the Manning’s n value to match the water-covered area in the model to the observed water-covered area in high-definition aerial images during two different flows. The Manning’s n value represents the riverbed roughness. No gauging stations were available in the sections of interest of the river. A minimum flow release from the upstream dam amounts to 1.5 m3/s in the period from May through September. We estimated the calibration flows based on the minimum flow release from the dam and local knowledge of hydrology in the main river as well as the tributaries downstream of the dam. Local measurements of depth and velocity were conducted using a SonTek M9 RiverSurveyor [39]. Calculations of observed versus simulated depth resulted in a mean error of 0.20 m and a root mean square error (RMSE) of 0.21 m. For the velocity the corresponding values were −0.18 m/s and 0.22 m/s. RMSE was calculated as the square root of the mean of the squares of the deviations for 120 points in the study reach.



The three weirs were tested for changes in the water-covered area as a function of weir adjustment and removal. Each of the three weirs had three configurations in the hydraulic simulations: (1) original form, (2) adjusted form (excavated channel across the weir or interconnected cell-shaped pools across the weir, Figure 4), and (3) fully removed. Shape adjustments to the weirs were done using the original LIDAR point cloud with added break lines and bed elevation polygons as terrain restrictions. These restrictions were included in the interpolation process to obtain new terrain rasters with the added weir adjustments.




2.5. Creating Water-Covered Area Outline Maps


Hydraulic simulations were run at flows of 1.5, 3, and 6 m3/s for all three weirs. The resulting water-covered areas in each of the weir river sections were exported as polygons from the hydraulic model into ArcGIS. For each weir, the three weir-state polygons (i.e., original, adjusted, and removed) were displayed as outlines in the same image. The process was repeated for the most relevant flows. Figure 5 shows weir no. 1 for all three configurations during a flow of 6 m3/s.




2.6. Visualization of Environmental Measure Scenarios


2.6.1. Taking Baseline Photographs


To establish the baseline photos for our scenario simulation we took photos of the original weirs on a day with low flow conditions in June 2019, using a Canon SX70HS camera. The two locations for photo capture were:




	
From an on-the-ground perspective, standing on the banks of the river, ca. 50 m below the weir, and looking up the river (see also Figure 6);



	
From an aerial perspective, using a drone flying 10 m above the ground, and ca. 50 m below the weir (see also Figure 7).








The weather and light conditions were constant for all three weirs. Flow was measured onsite at the same time as taking the photos resulting in the low flow quantities used in this study (1.5 m3/s for weirs 7 and 22 in the upstream part of the study area, and 3 m3/s for weir 1 in the downstream part of the study area).




2.6.2. Visualizing Water-Covered Area, Changes in Weirs, and Recreational Infrastructure


The baseline photos were manipulated with Adobe Photoshop [40] to show the selected environmental measures listed in Table 1 and using the water-covered area outline maps. The manipulation was done in an iterative process by a photo manipulation expert (K. Rolseth at Rolseth Foto), an expert on hydro-morphology and fish ladders (H. P. Fjeldstad), and an expert on recreational use (B. Junker-Köhler). Photographic material of recreational infrastructure and existing weirs in other rivers (e.g., cell-shaped weirs in river Mandalselva and river Numedalslågen) were also used to aid photo manipulation to visualize the different scenarios.





2.7. Setting Up the Questionnaire and Conducting the Survey


We designed a questionnaire that started with a short introduction stating the intention of our study. To assess the visual preferences of the respondents for the different scenarios we asked “To what degree do you like what you see on the following pictures? Mark the value on the scales that fits you best. −3 = I don’t like it at all, and +3 = I like it very much. Please give an answer to each single one of the pictures.” We then showed the different visual scenarios per weir location, one after another, each with its own respective answer scale to receive the respondents’ ratings for all of them. Figure 6 shows an example of one of the visual scenarios for weir no. 22 with the weir removed, from an on-the-ground perspective, and the answer scale.



All scenarios were developed both from an on-the-ground perspective as well as from an aerial perspective from 10 m above ground.



Figure 7 shows the corresponding aerial scenario to the scenario depicted in Figure 6.



For the specific purpose of this study, which was to compare preferences for on-the-ground vs. aerial perspectives, we assembled two questionnaires. One contained the entire series of scenarios with the on-the-ground perspective and the other one was identical except for the aerial perspective. We sent questionnaires with scenarios based on these two different perspectives alternately to the potential respondents on our address list.



In order to receive quantitative information on the recreational use of the Nea River by the local inhabitants, we further asked our respondents to answer the following question: “Have you participated in any of the following activities in or along Nea in the last 12 months?”, followed by a list of recreational activities that we found to be relevant in a qualitative pre-study in the case study area, and an additional item with an open category to give room for indicating any additional activities. Using the two versions of our questionnaire, we conducted a representative postal survey of the local public in the Selbu and Tydal municipalities, located along the Nea River in our case area.



We sent the printed questionnaire together with a pre-paid return envelope to all households within the Selbu and Tydal municipalities that were located directly adjacent to the Nea River in November 2019. A reminder to those that had not answered yet was sent in January 2020.




2.8. Characteristics of the Survey Respondents


From the postal survey in the two municipalities of the case study area (Selbu and Tydal), we received 526 valid responses. That corresponded to a relatively high response rate of 35.7%. Male respondents prevailed over female respondents, and older age groups prevailed significantly over younger ones. About two-thirds of the respondents grew up in the case study municipalities, and about two-thirds reported that their domicile overlooks the Nea River. Most of the respondents reported that the Nea River was of large importance to them (Table 2). This corresponds with the share of the respondents having conducted one or several recreational activities in or along the Nea River during the previous 12 months. The activities walking and staying along the river, observing plants and animals, and biking along the river were the most favored.





3. Results


3.1. Water-Covered Area Outlines from Hydraulic Model


Simulation results from the hydraulic models show that weir adjustment scenarios in all three river sections will alter the water-covered areas minimally, while full removal of the weirs will result in a larger reduction in the water-covered area. The main changes in the water-covered area due to weir adjustment will appear near the proposed channels or cell-shaped pools through the weirs. Figure 8 shows the water-covered area outlines for the three weirs for all configurations at a simulated flow of 1.5 m3/s.



While adjusted weirs resulted in minor visual changes of the water-covered area during low flows when compared to the original weirs, full weir removal reduced the water-covered area significantly during low flow. By doubling the simulated flow with weirs removed, the effect of removal on the water-covered area was reduced. An example of the effect of weir adjustment and removal on the water-covered area for weir no. 1 at flows 3 and 6 m3/s is given in Figure 9.




3.2. Visual Scenarios


Following the structured procedure described in the method section, we arrived at the 18 visual scenarios shown in Table 3 and used them in our questionnaire to elicit the preferences of the survey respondents.




3.3. Visual Preferences for On-the-Ground versus Aerial Scenarios


Figure 10, Figure 11 and Figure 12 show the mean values for respondents’ visual preferences for the different mitigation measures related to weirs, minimal flow, and recreation infrastructure for the three sites. We found significant differences in mean values between visual scenarios with on-the-ground versus aerial perspectives for all measures (1–6) at weirs 1 and 7. This was not entirely the case for weir 22, where we could not detect significant differences between the two different perspectives for three of the six measures (1, 3, and 4). An important finding was that visual scenarios from an on-the-ground perspective were generally rated higher than those from an aerial perspective. The only exception is the rating for measure 3 at weir 1 (where the mean value for the aerial perspective is higher than the one for its on-the-ground counterpart, Figure 10).



Table 4 shows the order of mean preference ratings among the measures at the single sites. The numbered scenarios in the final column correspond to those given in Table 1. We can observe large differences in the orders between on-the-ground and aerial perspectives for weirs 1 and 7. This is not the case for weir 22, where the order is the same for both perspectives.





4. Discussion


The purpose of our study was twofold. Based on this and our previous work we intended (1) to establish a standardized procedure for the visualization of mitigation measure scenarios. Additionally, (2) we aimed to test the hypothesis that visual preferences for such scenarios are related to perspective (on-the-ground versus aerial perspectives).



4.1. A standardized Procedure for Visualization of Mitigation Measures


To our knowledge there are no studies that have outlined a detailed procedure for designing visual scenarios of environmental mitigation measures in rivers regulated for hydropower production to be used in public preference assessments. Visual assessment studies of the scenic beauty of rivers and riverscapes do not commonly lay much focus on describing in detail how the depicted scenarios were developed. That is an aspect that the standardized procedure we propose aims to amend. Regarding a structured selection of variables and environmental measures depicted in the survey, however, we were inspired by several aesthetic preferences studies using visualized scenarios that are explicit about this issue [10,35,41].



While model simulation visualization of hydrological and hydrodynamic responses of alternative flow regimes have been central in environmental design projects, the transfer from model simulation visuals to photorealistic scenarios has not been extensively tested. By using hydraulic model output as an input for the photo manipulation of alternative scenarios, we were able to consolidate a realistic flow-to-water-covered area to be used as a baseline for the scenarios. Our model results also indicated during which flows the adjustment and potential removal of weirs would be less protruding in terms of the reduced water-covered area visible to the public. The visualization of environmental measure scenarios that we propose here has the advantage that all resulting visual images show the same rate of light and shadow since they are based on the same base photo. This is a known disadvantage of surveys, with photos showing, for example, different flows of a river section, yet with a differing light/shadow rate [42].



We consider it useful to propose a questionnaire design as described in Chapter 2.7 as a standard for future assessments to ease the preparation and to make assessment results comparable between different rivers. As, for example, the overview by LeLay et al. [21] of previous river- and waterscape perception studies shows, there is a multitude of answer scales that could potentially be employed. After ample consideration we suggest a seven-point answer scale to allow for enough data resolution, but at the same time sufficient lucidity for the respondents.



What is the minimum input of data necessary for our proposed method to work? A certain amount of bathymetric and topographical data must be available for setting up a river model and simulating the flow/water-covered area relationship. As our study included the adjustment or removal of weirs, these hydraulic structures needed to be adequately covered by topographical points. We used a combination of LIDAR data covering the weirs and riverbank areas and manually inserted breakpoints and -lines in the deeper parts mid-river. We did not test the sensitivity of the added breakpoints and -lines in the simulation results. As the LIDAR data were collected at very low flows, we assumed the areas covered by LIDAR to adequately represent the bathymetry and topography of the weirs and riverbank areas.



In terms of the selection of sites for scenario development, an overview of the recreational use of the respective river stretch is highly beneficial, and a qualitative or quantitative pre-study, as in our case, should be taken into consideration. If this is not a feasible option, an effort should be made to gain information, for example, from local community managers or other persons with longstanding knowledge of the locality.



In our study, the three specific weirs that we visualized were selected based on a pre-study in the case area at the Nea River [3]. As there are more than 30 weirs along the bypass reach downstream of the dam, results are thus limited to the selected weirs only. Still, the three weirs with their respective combinations of environmental measures resulted in a total of 18 visual scenarios to be judged and assessed in the public survey. A higher number of scenarios would most likely have provided an exhaustive exercise for the participants of the survey, potentially reducing the number of respondents. This is a commonly occurring methodological trade-off in visual aesthetic preference surveys that requires sensitive judgement for each case context.



For the visual manipulation of the scenarios, it is otherwise highly relevant to also gain other photo material than the baseline photos from the respective river stretch, showing, for example, larger rocks and gravel. As these have a specific appearance in all locations, a realistic visualization of areas where reduced flow uncovers the underlaying river structure is dependent on such visual baseline material.




4.2. On-the-Ground versus Aerial View


The results of our study did not confirm our hypothesis that the public visual preference that there are no significant differences between public visual preferences for scenarios with an on-the-ground perspective and scenarios with an aerial perspective. We found instead statistically significant differences between the mean values of visual preference ratings for most of the visual scenario pairs (i.e. on-the-ground versus aerial view scenarios) for two of the three weirs (Figure 10, Figure 11 and Figure 12). Our results also show, clearly, that scenarios from an on-the-ground perspective are then also rated distinctly higher than aerial view scenarios. That there is a difference in the visual preference ratings for the two perspectives was confirmed by comparing the ranking order of the respective visual scenarios per weir for the two different perspectives (Table 4). These findings indicate that visual scenarios from an aerial perspective cannot be taken as surrogates for scenarios from an on-the-ground perspective—i.e., the point-of-view location that is commonly used until now.



However, the results for the third weir in our study—weir 22—appear different. Discussing the possible reasons for this might be interesting for our comparison of the interchangeability of the two perspectives. Weir 22 is located at the upper section of the Nea River case study area where the state road to Sweden runs directly along the river, granting car drivers and cyclists an elevated view over the river, substantially above the on-the-ground perspective, yet still below an aerial view (in this study from a 10 m height). Figure 6 and Figure 7 give an impression of this. Apart from some recreational anglers, the main share of the population has this elevated view of the river. This might be a reason for the less pronounced differences in mean visual preference ratings (see Figure 12) as well as the congruence in the order ranking for weir 22 (see Table 4). This might imply then that it would be most accurate to choose the most common user perspective for visual preference elicitation. Following this line of thought, one could then also argue that an on-the-ground perspective would be the more accurate and valid one for river sections where user activities with an on-the-ground point of view are the most common, such as for the other two weirs (1 and 7) in our study [3].



The comparison between visual preferences based on the two different perspectives was a special objective for this study. In our view, it would not be recommendable to develop visual scenarios based on both perspectives in parallel—as was done here—in future assessments. However, we think that this study gives an indication that an ample examination should be given of the most common view that recreational users in the respective river sections would have in order to choose the “right one” before starting to design visual scenarios for a preference assessment. To confirm these interpretations, more studies will be needed.



We did not find that the photo manipulation of aerial perspective scenarios was more difficult than of on-the-ground view scenarios, or vice versa. Given the availability of a drone with a mounted photo camera there is thus a large specter of technical possibilities to gain appropriate base photos in relation to the local context.




4.3. Weir Adjustment and Modeling


The Nea River is a relatively wide and mostly shallow river, especially after the establishment of hydropower regulation, where most areas are affected by the withdrawal of water for production. Areas just downstream of many of the weirs are hydraulically complex during lower flows due to course substrate occasionally obtruding the water surface. This hydraulic complexity is indicated in the water-covered areas shown for weir 22 in Figure 8c. At higher flows (i.e., >10 m3/s) the complexity diminished as the weirs become less of a hindrance for flows.



We used two different weir adjustment strategies: deep/shallow channel combination and partly overlapping cell pools. The former strategy is adapted to low-head weirs with relatively limited width across, while the latter is better suited for wider, high-head weirs. In our study, we defined weirs no. 1 and 7 as low-head while weir no. 22 was defined as high-head (i.e., upstream/downstream water level difference during low flows > 2 m).



Although the weir configuration scenarios were based on expert knowledge within the project group, we used a simplified setup for the weir adjustments. As the main goal of the hydraulic simulations was to create water-covered area outlines for photo manipulation, as opposed to creating weir adjustments specifically for fish migration, we did not consider factors such as optimal bed roughness or flow-related water velocity and depth for the weir adjustment scenarios. A detailed overview of relevant factors for weir adjustment and removal can be found in Pulg et al. [12] and Fjeldstad et al. [29].



While we used the publicly available model software Hec-Ras for creating the flow/water-covered area relationship, other model tools may also be applied. The possible biggest bottleneck for successful modeling of mitigation measures at different flows is the density of the bathymetric/topographical data. While we had access to a dense LIDAR point cloud, other sources of riverbed elevation such as differential GPS and boat-mounted ADCPs could potentially provide an adequate dataset to be used as an input for the hydraulic modeling.



In our view, the procedure that we describe here could be used as a standardized method for developing visual simulation scenarios of environmental measures for the mitigation of negative effects due to hydropower production in rivers. It could potentially ease the design of surveys and preference assessments in future studies and practical preference assessments, as, for example, in the large number of upcoming revisions of older hydropower concessions. A more standardized design would also improve the comparability of results and thus the state of the art of visual preferences of the public for mitigation measures and riverscapes. While we assessed the adjustment and removal of weirs specifically in our study, other mitigation measures could be modeled and provided as an input for photo manipulation. Examples may include dam removal, fish migration barrier adjustment, and de-channelization.



As our experience shows, it is important to develop such visual scenario assessments in a multi-disciplinary team. While the standardized procedure we propose here aims to make the design more efficient and easier, it still requires relatively specific expertise for a successful implementation, in terms of hydraulic modeling, hydro-morphology, fish ecology, photo manipulation, and social science.





5. Conclusions


Assessing local public preferences for decisions regarding the management of near-by river spaces is increasingly demanded and desired. Visual stimuli play an important role. To our knowledge, there has been no previous study that establishes and describes a detailed procedure for designing visual scenarios of environmental mitigation measures in rivers regulated for hydropower production to be used in public preference assessments. Neither have there been studies testing the comparability of the traditional on-the-ground and the modern aerial perspectives in visual assessments. Therefore, we consider our study novel in these two ways.



The methodological framework or procedure that we have outlined here consists of the following steps: (A) selection of sites and environmental measures for scenario development, (B) hydraulic modeling of the scenario-based water-covered area, (C) outlines of the water-covered area in different environmental measures scenarios, (D) and the visualization of scenario images based on outlines and photo image acquisition, (E) resulting in questionnaires with weir scenario images as an input for (F) the survey. The detailed information given in regard to these single steps together with the results of the comparison of using on-the-ground versus aerial perspectives can be a steppingstone to a standardized procedure for future visual preference assessments.



We expect this procedure to gain an increasing relevance in the public administration of watercourses with hydropower production in the years to come. It might also be beneficial for hydropower companies in their attempt to gain local acceptance and to avoid conflicts when planning new hydropower infrastructure or in the revision process of existing concession terms. However, we acknowledge that further elaboration and standardization of this procedure requires additional testing and implementation, together with proper documentation in future studies to make it robustly applicable in different contexts.
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Figure 1. Nea River outline (main picture, in white) in Central Norway (upper-left picture), where (a) is the upstream part of the bypass section/dam location, (b) is the downstream part of the bypass section/hydropower plant outlet, and (c) is lake Selbusjøen. The surrounding landscape is dominated by floodplain agriculture in the lower parts (d) and a steep valley in the upper part (e). The thick, black arrow indicates flow direction. Straight lines are water transfer tunnels and outlined names are hydropower plants. © Kartverket, Geovekst. 
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Figure 2. Method outline. (A) Selection of sites and environmental measures for scenario development, (B) hydraulic modeling of the scenario-based water-covered area, (C) outlines of the water-covered area in different environmental measures scenarios, (D) visualization of scenario images based on outlines and two sets of image acquisition types, and (E) the resulting questionnaires with weir scenario images as an input for (F) the survey. 
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Figure 3. Site selection for the preference study. Weirs no. 1, 7, and 22 (outlined in orange) were selected to be visualized in environmental measure scenarios. Original images of the weirs are shown from the on-the-ground perspective © Sweco 2015. 
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Figure 4. Polygons for weir adjustment in weirs no. 1 (a), 22 (b), and 7 (c). For (a,c), the cross-hatched, thickly outlined polygons represent a 2 m deep and wide channel across the weir, while the thin-lined polygons represent a minor lowering of the weir level, gradually increasing towards the deep channel. White-outlined black dots indicate the placement of rocks for hydraulic disruption at the entry point to the deep channel. For weir 22 in picture (b) the cross-hatched, thickly outlined polygons represent gradually lowered cell pools. The thick white arrow indicates flow direction. 
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Figure 5. Water-covered area for weir no. 1 with the following configurations: (a) original form, (b) with a channel across, and (c) fully removed. The simulated flow is 6 m3/s. The blue arrow shows the flow direction. The yellow arrow indicates the location of the hydropower plant outlet and thus the end of the bypass section. 
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Figure 6. Visual scenario example from the questionnaire with the complementary answer scale. The scenario represents the on-the-ground-perspective with the weir removed at weir no. 22 (visual scenario: Rolseth Foto). 
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Figure 7. The same scenario as shown in Figure 6 from an aerial perspective (visual scenario: Rolseth Foto). 
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Figure 8. Results on water-covered area outline at (a) weir 1, (b) weir 7, and (c) weir 22 at a simulated flow of 1.5 m3/s. The outline colors of black, purple, and light green represent original weir, adjusted weir, and removed weir, respectively. 
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Figure 9. Example of the effect of weir adjustment and removal on the water-covered area for weir no. 1 at flows 3 and 6 m3/s. (a) WCA outline for full weir removal simulated at flows of 3 m3/s (light green) and 6 m3/s (dark green). (b) WCA outline for weir adjustment at 3 m3/s (purple) and weir removal at 6 m3/s (dark green). As shown in (b), doubling the flow to 6 m3/s with weir removal compensates for a large proportion of the WCA for weir adjustment at a flow of 3 m3/s. 
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Figure 10. Mean values for preference ratings for pairs of scenarios developed from on-the-ground and aerial perspectives for weir 1 at Bogstadhølen. Differences between mean values are indicated at the respective significance levels: ***, p ≤ 0.001; **, p ≤ 0.01; and *, p ≤ 0.05. 
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Figure 11. Mean values for preference ratings for pairs of scenarios developed from on-the-ground and aerial perspectives for weir 7 near the Hyttbakken bridge. Differences between mean values are indicated at the respective significance levels: ***, p ≤ 0.001; **, p ≤ 0.01; and *, p ≤ 0.05. 
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Figure 12. Mean values for preference ratings for pairs of scenarios developed from on-the-ground and aerial perspectives for weir 22 near the Lower Nea power station. Differences between mean values are indicated at the respective significance levels: ***, p ≤ 0,001; **, p ≤ 0,01; and *, p ≤ 0,05. n.s. = not significant. 
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Table 1. Environmental measures visualized in the different scenarios in this study.
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	No.
	Weir Configuration
	Simulated Weir

Adjustment
	Simulated Flow

in Weirs no. 1/7/22 (m3/s)
	Recreational Infrastructure Added to Image





	1
	Original form
	None
	3.0/1.5/1.5
	None



	2
	Original form
	None
	3.0/1.5/1.5
	Walking path, information plate, boards and benches, and campfire



	3
	Adjusted
	Weirs 1 and 7: lowering of midsection and deep channel

Weir 22: cell-shaped, partly overlapping pools across weir
	3.0/1.5/1.5
	None



	4
	Removed
	Removal
	3.0/1.5/1.5
	None



	5
	Removed
	Removal
	6.0/3.0/3.0
	None



	6
	Removed
	Removal
	3.0/1.5/1.5
	Walking path, information plate, boards and benches, and campfire
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Table 2. Socio-cultural characteristics of survey respondents.
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	Socio-Cultural

Variables
	Classification
	Sample Proportion (%)





	Gender
	Female

Male
	26.4

73.6



	Age
	16–39

40–59

60+
	9.9

38.0

52.1



	Grown up in the

case study municipalities
	Yes

No

Partially
	60.3

30.4

9.3



	Domicile overlooking

Nea River
	Yes

No
	35.6

64.4



	Importance of the Nea River
	Low importance

Middle importance

High importance
	4.7

25.4

69.9



	Recreational activity

(during the last 12 months)
	Fishing

Bathing

Canoeing

Walking along the river

Staying at the river (relaxing, picnic, campfire, etc.)

Biking along the river

Observing animals and plants

Ice skating

Other
	31.7

31.0

13.9

65.0

49.8

38.0

44.1

3.4

5.2
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Table 3. Visual scenarios of environmental measures.






Table 3. Visual scenarios of environmental measures.





	

	
Mitigation

Measures

	
Existing Weir,

Low Flow

	
Existing Weir,

Low Flow

Recreational Infrastructure

	
Weir Adjusted

Low Flow

	
Weir Removed

Low Flow

	
Weir Removed

Doubled Low Flow

	
Weir Removed

Low Flow

Recreational Infrastructure




	
Location

Perspective

	






	
Weir 1

On-the-ground





Aerial

	
 [image: Water 13 02985 i001]

	
 [image: Water 13 02985 i002]

	
 [image: Water 13 02985 i003]

	
 [image: Water 13 02985 i004]
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Weir 7

On-the-ground





Aerial
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Weir 22

On-the-ground





Aerial
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Table 4. Order of mean values of the preference ratings for the single sites. The numbered scenarios in the final column correspond to those given in Table 1.
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Weir No.

	
Perspective

	
Descending Order of Preference Ratings for Single Scenarios (Scenario No.)






	
1

	
On-the-ground

	
5–4/6–2–1–3




	
Aerial

	
3–5–4–6–2–1




	
7

	
On-the-ground

	
6–5–2–4–3–1




	
Aerial

	
5–6–2–3–4–1




	
22

	
On-the-ground

	
5–6–4–2–1–3




	
Aerial

	
5–6–4–2–1–3
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