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Abstract 
River restoration is something that is often used to help restore watercourses that were 

historically used for timber floating. In these restorations, instream wood (IW) plays a big role 

in increasing biodiversity and habitat heterogeneity in watercourses. Uncrewed Aerial 

Vehicles (UAVs) have proven to be useful when monitoring changes following river 

restoration but there is a need for less time-consuming methods to detect IW. This study’s 

objective was to investigate IW following a river restoration in an alluvial reach in Vargån, 

Northern Sweden and how well UAVs can be used to do this. Manual digitizing of IW was 

done in GIS from orthomosaics of three different flight occasions: pre-restoration, directly 

after and one year after restoration. An object- and color-based automated image thresholding 

was done to investigate if it could be used to automatically detect IW. The results showed that 

there were differences in number of IW, volume, width, and length between the different 

flight occasions. There was also indication that there had been movement of IW as well as 

changes in cluster composition, with more clusters with a higher number of wood pieces in 

the latest flight occasion. The automated image thresholding was able to accurately detect IW 

with an accuracy of 47,4 %, but it had limitations due to natural conditions. However, it 

showed the possibility of using automated methods to detect IW and with improvements it 

could become a faster and more accessible way of detecting IW in river monitoring.  

 

Key words: River restoration, instream wood, uncrewed aerial vehicles, fluvial 

geomorphology.  
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1 Introduction 
Historically, timber floating has played a significant role in Swedish industrialization 

(Törnlund & Östlund 2002). Rivers have provided a convenient method to transport huge 

amounts of timber to the coast for export. However, to make transport easier and less 

dangerous, considerable modifications were made to floated watercourses. The watercourses 

used for transportation were channelized and cleared of boulders and this canalization caused 

multiple negative effects to the watercourses, such as structural homogenization, habitat loss 

and destruction of spawning grounds (Gardeström et al. 2013). Later, various structures were 

also built in the watercourses to facilitate timber transport during low flows and to streamline 

production. Dams were built to regulate water levels to elongate the timber floating period 

and side channels were blocked to prevent log jams (Nilsson et al. 2005). Overall, the 

modifications made to watercourses in Sweden caused a reduction in complexity and resulted 

in more straight, narrow and simpler rivers with fewer channels and less instream roughness.  

 

Increasingly, restoration of watercourses previously used for timber floating is conducted with 

the aim to improve habitat quality and biodiversity improvements. Restoration consists of 

altering watercourses as well as adjacent riparian zones and floodplains (Wohl, Lane & 

Wilcox 2015). The alterations are made within a degraded watershed to improve geomorphic, 

hydrologic, and ecological processes that will help with improving the natural system (Wohl 

et al. 2005). Multiple factors are important when doing river restoration and one of those 

factors is instream wood (IW).  

 

In many countries today, there are not as high volumes of IW along the forested rivers as 

there was believed to have been originally (Wohl 2013). Studies have shown that IW 

increases biodiversity for aquatic organisms and many restoration projects aim to increase 

habitat heterogeneity in hopes of increasing biodiversity (Bisson & Wondzell 2003; Palmer, 

Menninger & Bernhardt 2010; Rubin, Kondolf & Rios-Touma 2017). IW is also a commonly 

used metric for stream complexity. Restoration measures have been shown to cause an 

increase in stream complexity with an increase of total IW volume (Polvi, Nilsson & 

Hasselquist 2014). Complexity is highly important in river restoration because of its 

correlations with biodiversity and resilience and therefore something that’s focused on in river 

restoration (Wohl 2016).  

 

Apart from IW affecting biodiversity, it is an important factor in floodplain processes. IW 

increases flow resistance, lateral connectivity and overbank flow in floods which promote 

floodplain accretion and maintenance of floodplain processes (Wohl 2013). The floodplain 

then influences the wood recruitment because wood is supplied during bank erosion and 

overbank flow. A positive feedback loop can also be created. For example, if big enough 

clusters of wood, or log jams are created then it could result in more bank erosion and 

overbank flow, creating more wood recruitment (Wohl 2013). Log jams also provide 

stabilized patches facilitating the growth of trees, which in turn add to wood recruitment 

(Collins et al. 2012).  

 

Movement of IW depends greatly on the ratio of IW length and channel width and curvature 

(Braudrick & Grant 2001). Some IW can be flushed out of a reach within a year, but it is 

unknown for how long an individual wood piece will stay and it likely depends on the 

geomorphic attributes of each river network (Wohl 2013). When doing river restoration this is 

something you need to have in mind, as well as if your goal is to have fixed or mobile IW. 

Generally when you are restoring geomorphic and ecological processes, it is preferable to 

have more mobile IW than fixed IW (Wohl et al. 2023). This is because the generated 



 

2 

 

morphological features will be more similar to natural conditions and the IW and log jams 

would be located at locations where they would naturally occur (Kail et al. 2007). There is 

also research that shows that more mobile wood is more cost efficient to implement (Kail et 

al. 2007). It is however important to investigate each river and evaluate what fits best for that 

individual river based on its geomorphological attributes and surroundings. In some rivers 

there could be a damage risk from floating wood and therefore more fixed IW would be 

preferable in that example (Kail et al. 2007).  

 

River restoration does not only consist of the restoration itself but also the monitoring that 

comes after. Monitoring is important in order to understand if restoration has been successful 

and to help design future river restorations. Studies have shown that longer and more 

thorough monitoring is needed to understand the evolution of rivers after restoration and if the 

restoration has been successful (Rubin, Kondolf & Rios-Touma 2017). Additionally, finding 

the most fitting variables to monitor at the correct scales of measurement is important if you 

want to achieve the river restoration objectives (Wohl et al. 2005). Doing large scale river 

restorations is believed to be important in order to have successful river restoration, therefore 

focusing on restoration on a watershed and landscape context instead of single rivers and 

reaches (Bernhardt et al. 2007; Wohl et al. 2005). Consequently, increasing the temporal and 

spatial scale of monitoring is important to understand the outcomes of river restoration. 

 

However, when doing river restoration at the watershed scale, doing manual field surveys is 

typically time consuming and costly. Because of limitations in budget and time it is not often 

all reaches in a river restoration project are monitored. Collecting spatial information from 

Uncrewed Aerial Vehicles (UAVs) could mitigate this problem. Increasingly during 

restoration, UAVs are being used in evaluations and have proved to be applicable in 

monitoring of river restoration and accurately measuring IW volume (Langhammer 2019; 

Sanhueza et al. 2022). With its ability to show high-resolution spatial data UAVs provide 

unique opportunities in monitoring river restoration projects (Langhammer 2019). For the 

analysis of IW distributions, UAVs have high potential to speed up mapping and analyses. 

Given the large scale of many restoration projects and travel distances of large wood there is a 

need to find a less time-consuming method that automatically detects IW. RGB orthoimagery 

has been shown to be particularly useful when doing monitoring of post-restoration changes 

(Langhammer 2019) and by creating an automated method based on RGB orthoimagery there 

is potential to make IW data collection less time-consuming and more accessible for larger 

projects. 

 

There is a lot of research on IW movement, clustering, and volume in watercourses but not 

much research focusing on wood processes in alluvial reaches in northern Sweden. The 

objective of this study is to quantify changes in the number, volume characteristics and spatial 

distribution of IW following river restoration in an alluvial reach in the Vargån river, Sweden. 

IW is a key aspect of river heterogeneity, a common goal of river restoration and therefore it 

is important to investigate. Another objective is to investigate the use of UAVs when 

examining IW to help with future evaluations and monitoring of river restoration projects. To 

answer the objectives of this study the following research questions where set: (i) to 

investigate how the IW metrics have changed between pre-restoration, directly after 

restoration and one year after restoration, (ii) to investigate if the IW clusters have increased 

or changed composition between the post-restoration flight occasions, and (iii) to investigate 

if an automated image thresholding of the orthomosaics gained from UAVs can be used to 

accurately identify IW. 
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2 Method 
 

2.1 Study area 
This study is focusing on river restoration in a reach in the Vargån river, a tributary to the Öre 

River in Northern Sweden (Fig 1). This reach is a part of the EU project LIFE19 

NAT/SE/000333 called Ecostreams for LIFE involving restoration on rivers historically used 

for timber floating undertaken by the county boards of Jämtland, Västerbotten and 

Västernorrland (Ecostreams for LIFE 2023). The project consists of putting back the 

previously removed sediment and boulders as well as opening side-channels and adding IW to 

the rivers. Other parts of the projects consist of removing blockages to fish migrations such as 

dams and road culverts (Ecostreams for LIFE 2023). The chosen study reach was an alluvial 

reach, something that is unusual in northern Sweden. Here, the restoration consisted mostly of 

adding gravel sediment and IW to the stream. Because of the lack of boulders in the reach, 

investigating the wood dynamics in this reach would be particularly interesting since it stands 

out from most streams in Northern Sweden, which are often filled with boulders. 

 

 
Figure 1. Map of the study reach. Coordinate system: SWEREF99TM. Data sources: SMHI, 

Lantmäteriet and Natural Earth.  

 

2.2 Compilation and preparation of data 
To determine the characteristics and spatial distribution of IW, orthophotos were analyzed. 

The orthophotos was obtained by Länsstyrelsen Västerbotten by flying planned routes using 

DroneDeploy with DJI Mavic drones at a height of 100 m, gimbal angle of – 90º and with a 
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photo overlap of 80 %. The photos were collected at three different flight occasions: (1) pre-

restoration, (2) directly after restoration and (3) one year after restoration (Appendix 1; 

Appendix 2; Appendix 3). The photos from pre-restoration were divided into two 

orthomosaics that together covered the whole study reach. They were not merged into one 

since they had two slightly different pixel sizes and changing the pixel size of one could have 

resulted in data loss. The photos from directly after restoration and one year after restoration 

were provided as single orthophotos that were made into two orthomosaics in Agisoft 

Metashape. The pre-restoration photos were taken on the 27th of September 2021. The photos 

from directly after restoration were taken on the 19th of October 2021. The photos from one 

year after restoration were taken on the 28th of June 2022. The water discharges during each 

flight were obtained from SMHI Vattenwebb to compare between flights. The orthomosaics 

were manually georeferenced. The orthomosaics from pre-restoration and directly after 

restoration were scaled, moved, and rotated to match the orthomosaic from one year after 

restoration, using three ground control points (GCP). All the orthomosaics were then analyzed 

in ArcGIS Pro v.2.9.6.  

 

2.3 Manual digitizing 
The manual digitizing of IW was done on all the orthomosaics. This was done by creating 

polyline features that covered the length of the IW and then manually measuring the mid-

diameter of the IW using a measuring tool. The length of the IW was obtained automatically 

by extracting the length of the polyline created. The orthomosaic from directly after 

restoration was quite blurry in some areas, this meant that for some IW, the width was not 

measured because of the uncertainty. These IW were instead given the mean IW width for 

measured IW in that orthomosaic. Some criteria for the IW were used to maintain a clear 

standard for all the orthomosaics. The criteria were that the IW had to be at least 1m long, and 

have a mid-diameter of at least 10 cm, widely used in other studies (Iroumé et al. 2018; 

Gurnell et al. 2002; Polvi & Mason 2022). The bankfull area was obtained by visually 

analyzing the approximate location of the bankfull edge on the orthomosaics and then creating 

a polygon over the bankfull area. For IW that were partially outside the bankfull area, only if 

more than half of the IW was inside bankfull area was it included.  

 

In order to quantify IW clusters and cluster composition between the two post-restoration 

flight occasions, a simple cluster analysis was undertaken. To determine IW clusters, a couple 

of criteria were set. To count as an IW cluster the logs had to be closer than 1m of each other 

and at least three logs in each cluster. Polygons were manually drawn covering each IW 

cluster for the two post-restoration flight occasions since there were no IW clusters in the pre-

restoration orthomosaic. The number of logs in each cluster were counted. The total area of 

the polygons for each of the two flight occasions was then noted and intersected to see how 

much IW area overlapped. To determine how much overlap of cluster polygons there was 

between the two flight occasions, the intersected area was divided by the total polygon area to 

get an overlap percentage.  

 

2.4 Automated image thresholding in GIS 
To detect pixels with IW, an object and color-based automated image thresholding was done 

on the orthomosaics in GIS. First the orthomosaic was clipped to only contain the bankfull 

area. This was done to make sure the image thresholding only detects IW, and not fallen trees 

or similar outside the bankfull area. The orthomosaic over the bankfull area was then 

processed in the Image Classification Wizard by doing object-based segmentation. Patches of 

similar pixels were grouped together and classified as an object. All objects over 300 pixels 

were kept to eliminate lone pixels that could be detected as false IW later in the process. After 
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the orthomosaics were processed they were manipulated in Raster Calculator to detect IW 

based on its color. All the pixels with all its RGB values over 190 were segmented. This is 

because IW usually has a very light color and therefore very high RGB values. From this a 

raster file with pixels with all RGB values over 190 was made. The number of pixels was then 

multiplied with the cell size of each orthomosaic to get the total IW area. This was done for 

all three flight occasions separately.  
 

2.5 Descriptive statistics and calculations 
All the data obtained from the manual digitizing and the automated image thresholding were 

imported to Excel. The mean IW length, mean IW width, number of IW, number of IW within 

and outside clusters, wood density, total IW volume, and total IW area were calculated from 

the manual digitized data (Table 1). The total IW area was also calculated based on the 

automated image thresholding. To show and analyze the data over IW length and IW width, 

boxplots were produced in Microsoft Excel.  

 
Table 1. The metrics calculated for each of the three flight occasions. It concludes what type of 

function was needed to calculate each metric and which of the collected features was needed in the 

function.  

Metric Function Features needed 

Mean IW length (m) =X̄ Length of each IW and number of IW 

Mean IW width (m) =X̄ Width of each IW and number of IW 

Number of IW =∑ Number of IW 

 

Number of IW in clusters =∑ Number of IW in clusters 

Number of IW not in clusters =n_W-n_W_C Number of IW (n-W) and number of 

IW in clusters (n_W_C) 

Wood density (IW/m2) =n_W/BA Number of IW (n-W) and bankfull 

area (BA) 

Total IW volume (m3) = π*r2*l Radius (r) and length (l) of each IW 

Total IW area (m2)  

(Manual digitizing) 

= w*l Width (w) and length (l) of each IW 

Total IW area (m2)  

(Image thresholding) 

= n*cs Number of pixels fulfilling criteria (n) 

and cell size of orthomosaic (cs) 

 

To show how well the automated image thresholding could detect IW, it was compared to the 

manually digitized IW. The manually digitized IW was given a buffer that represented each 

IWs own width. Then an intersected area between the image thresholding and the IW buffers 

was made to show how much IW area the image thresholding detected. The intersected area 

was then divided by the total area detected by the image thresholding to determine how much 

of the detected area was IW. This was done twice, one for the whole study reach and one for 

the area in the reach that did not have any rapids. This was done to examine differences in 

detection accuracy in different flow conditions.  
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3 Results 
 

3.1 IW metrics and descriptive statistics 
The total wood volume was the lowest pre-restoration, with 0,97 m3. The total wood volume 

was highest directly after restoration, with 56,74 m3 while the total wood volume one year 

after restoration was 52,44 m3. The number of IW have increased with each flight occasion, 

for pre-restoration there were 8 IW, directly after restoration there were 348 IW and one year 

after restoration there were 399 IW (Table 2). The wood density was 0,0008 IW/m2 pre-

restoration and both post-restoration flight occasions had higher and quite similar wood 

density with 0,015 IW/m2 and 0,017 IW/m2. The water discharges differed amoung the three 

flight occasions. The modelled water discharge was 12,40 m3/s during the pre-restoration 

flight, 8,75 m3/s during the flight directly after restoration and 4,45 m3/s during the flight one 

year after restoration (Fig 2).  

 

 
Figure 2. Hydrograph showing the total water discharge in the Vargån river from August 2021 to July 

2022. The red dots shows what the water discharge was during the three flight occasions. The first dot 

from the left is pre-restoration, the second is directly after restoration and the third is one year after 

restoration. Data source: SMHI Vattenweb. 

 

The mean IW length was highest directly after restoration, with 7,20 m and lowest pre-

restoration, with 5,27 m (Fig 3). One year after restoration the mean IW length was 6,18 m 

(Fig 3). Median IW length showed the same trends as the mean. The range pre-restoration was 

less but was within the ranges of the post-restoration flight occasions (Fig 3). The maximun 

IW length was highest directly after restoration while the minimun value was lowest one year 

after restoration. The interquartile range (IQR) was slightly lower one year after restoration 

compared to directly after restoration (Fig 3). Pre-restoration had the widest IQR.  
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Figure 3. Boxplots over the IW length for pre-restoration (2021 PR), directly after restoration (2021 

AR) and one year after restoration (2022 AR) The x represents the mean value, the middle line 

represents the median, the box is the interquartile range (IQR) with the upper and lower line of the box 

represent the upper and lower quartile, the whiskers represent the minimum and maximum values and 

the dots represent outliers. 

 

The mean IW width was similar between all three flight occasions. One year after restoration 

was the lowest, with 0,15 and the other two flight occasions had slightly higher and similar 

mean IW width, with both around 0,16 m (Fig 4). The median pre-restoration and one year 

after restoration was also very similar and both are lower than the median directly after 

restoration (Fig 4). The IQR directly after restoration was very narrow and was inside the IQR 

of the other two flight occasions. The IQR pre-restoration incompases both the other flight 

occasions (Fig 4). The range of values are quite similar for all the flight occasions.  

 

 
Figure 4. Boxplots over the IW width for pre-restoration (2021 PR), directly after restoration (2021 

AR) and one year after restoration (2022 AR). The x represents the mean value, the middle line 

represents the median, the box is the interquartile range (IQR) with the upper and lower line of the box 

represent the upper and lower quartile, the whiskers represent the minimum and maximum values and 

the dots represent outliers.  
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3.2 Clustering of IW 
There were more IW clusters with a lower number of logs in the post-restoration flight 

occasions than IW clusters with higher number of logs, where the majority of IW clusters 

have lower than 13 logs in each IW cluster (Fig 5). There were more IW clusters with a higher 

number of logs one year after restoration than directly after restoration (Fig 5).  

 

 
Figure 5. Graph showing the occurrence of clusters by the number of logs in each cluster for directly 

after restoration (2021 AR) and one year after restoration (2022 AR).  

 

There was a higher number of IW clusters directly after restroration than one year after, while 

there where no IW clusters pre-restoration (Table 2). The number of IW in clusters have 

increased with each flight occasion, being the lowest pre-restoratoin and highest one year 

after restoration (Table 2). There was a lower number of IW that is not in clusters for both of 

the post-restoration flight occasions (Table 2). The polygon area over the IW clusters from 

directly after restoration and the polygon area over the IW clusters from one year after 

restoration overlapped with 48,09 % (Appendix 4).  

 
Table 2. The number of clusters, the number of IW that is in clusters and the number of IW that is not 

in clusters for pre-restoration (2021 PR), directly after restoration (2021 AR) and one year after 

restoration (2022 AR). 

 2021 PR 2021 AR 2022 AR 

Number of clusters 0 37 34 

IW in clusters 0 274 315 

IW not in clusters 8 74 84 

 

3.3 Detection of IW by the automated image thresholding  
The percentage that was correctly identified differed greatly among the three flight occasions. 

The image thresholding detected the highest amount of area in the orthomosaic taken directly 

after restoration and the image thresholding detected the lowest amount of area in the 

orthomosaic taken one year after restoration (Table 3). The highest percentage of correctly 

identified IW was in the orthomosaic taken one year after restoration and the lowest 

percentage of correctly identified IW was in the orthomosaic taken pre-restoration (Table 3). 

When doing the image thresholding on the areas without rapids the percentage of correctly 

identified IW increased for all flight occasions (Table 3). The accuracy of the image 
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thresholding was the lowest overall in the orthomosaic taken pre-restoration and overall 

highest in the orthomosaic taken one year after restoration.  

 
Table 3. The amount of area that was detected by the image thresholding and the percentage of 

correctly identified IW area with and without rapids. The percentage is presented for each flight 

occasion: pre-restoration (2021 PR), directly after restoration (2021 AR) and one year after restoration 

(2022 AR).  

 2021 PR 2021 AR 2022 AR 

Area detected by image 

thresholding 

310,22 m2 2492,86 m2 278,91 m2 

Percentage of correctly 

identified IW 

0,13% 8,59% 38,93% 

Percentage of correctly 

identified IW, without 

rapids 

2,09% 9,05% 47,35% 

 

A large amount of the area detected by the image thresholding in the orthomosaic from pre-

restoration is located in the lower part of the stream and was not wood but turbulent aerated 

water associated with rapids (Fig 6, A2). The image thresholding did not detect any of the IW 

located in the upper part of the stream and the few IW it correctly detected were in the lower 

part of the stream, close to the rapids (Fig 6, A3). For the orthomosaic taken directly after 

restoration, the image thresholding detected a large amount of area that was not IW, most 

located along the riparian zone (Fig 6, B2). Almost every IW got detected by this image 

thresholding but is was only parts of each IW and never the whole log (Fig 6, B3). For the 

orthomosaic taken one year after restoration, the image thresholding detected most of the IW 

located in the mainstream but almost non in the side channels (Fig 6, C3). Most of the area 

detected in this image thresholding that was not IW was located in the lower part of the 

stream where the rapids are located (Fig 6, C2). Similar to the image thresholding on the 

orthomosaic taken directly after restoration, this image thresholding dectected many of the IW 

but only some parts of the IW (Fig 6, C3).  
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Figure 6. Orthomosaics of each flight occasion, along with the bankfull area with and without rapids, 

manually digitized IW and IW detected by the image thresholding for each flight occasion. A1 (pre-

restoration), B1 (directly after restoration) and C1 (one year after restoration) show the orthomosaic 

along with the manually digitized IW. A2 (pre-restoration), B2 (directly after restoration) and C2 (one 

year after restoration) show the IW detected by the image thresholding. A3 (pre-restoration), B3 

(directly after restoration) and C3 (one year after restoration) show the manually digitized IW and the 

IW detected by the image thresholding.  

 

 

4 Discussion 
 

4.1 Changes in IW characteristics  
The total IW volume after restoration for this study is in the same range of another restoration 

project done in northern Sweden, which is between 3,95 m3 and 64,3 m3 (Karlsten 2019). The 

total IW volume was much higher in the two post-restoration flight occasions compared to 

pre-restoration. The fact that total IW volume increased significantly between before and after 

restoration is not surprising since one of the restoration efforts of the Ecostreams for LIFE 

project consists of adding IW into the rivers. This is also shown in the extremely low wood 

density pre-restoration compared to the two post-restoration flight occasions which had 

similar and much higher wood density. The relatively low number of IW pre-restoration could 

be expected considering the history of the stream, but it is also worth noting that there could 

have been more IW in the stream that was not visible due to the high water discharge during 

the pre-restoration flight (Fig 2). The total IW volume did not successively increase with each 

flight occasion, with the highest total IW volume being directly after restoration and not one 

year after restoration. This suggests that there has been a loss of IW between the two post-

restoration flight occasions. An interesting aspect however is that the total number of IW in 

each flight occasion does not follow the same patterns as the total wood volume. The highest 



 

11 

 

total number of IW did successively increase with each flight occasion, with one year after 

restoration having the highest number of IW. The increase of IW pieces between the two post-

restoration flight occasions could suggest natural wood recruitment or transported floating IW 

from upstream river restorations. The water discharges were also higher directly after 

restoration, which could mean that some IW was not visible during that flight but visible 

during the flight one year after restoration when the water discharges were almost half as low 

(Fig 2). These possible explanations for the higher number of IW are however not supported 

by the decrease in total IW volume between the flight occasions. The increase of the number 

of IW but decrease of total IW volume could suggest that it is the same IW that originally got 

added into the river but that they may have been broken during the spring flow in between the 

flight occasions, where the water discharge was at its highest (Fig 2). Breakage, as well as 

decay and abrasion are a natural part of the evolution of IW characteristics (Wohl et al. 2019) 

and could therefore explain this. This means a thinner IW could have been snapped in two and 

therefore increasing the number of IW while decreasing the total IW volume, since smaller 

pieces could have been flushed away when they broke. Some of the smaller IW could also 

have been flushed out during the spring flood and therefore be another possible explanation 

for the decrease in total wood volume (Fig 2).  

 

The difference in mean IW length also suggests there has been a reduction in the length of 

IW, further supporting the theory that IW may have been broken. Directly after restoration the 

mean IW length, maximum value and IQR is higher than it is one year after restoration (Fig 

3), suggesting that the IW length has decreased in some way between the two flight occasions. 

The IW mean width was also slightly lower one year after restoration compared to directly 

after restoration (Fig 4). It is however important to note that due to the blurry orthomosaic 

from directly after restoration, a lot of the IW had to be given the mean IW width, therefore 

creating a result that may be faulty. It is likely that the extremely narrow width of the IQR and 

large amount of outliers for directly after restoration is due to this fact (Fig 4). This is also 

important to consider when talking about the total IW volume. The IW volume was calculated 

based on the width and length of each IW, therefore the total IW volume could have been 

under or overestimated directly after restoration.  

 

4.2 Clustering and mobility of IW 
There is indication that there has been a change in the composition and amount of IW clusters 

between the two post-restoration flight occasions. The increase of IW clusters with higher 

numbers of logs and the decrease in number of IW clusters suggests that the IW clusters have 

changed composition (Fig 5), or at least that some movements of IW have happened. 

Movement and clustering of IW in a stream is dependent on both the characteristics of the IW 

and the fluvial processes of the stream (Gurnell et al. 2002). The mobility of the IW is greatly 

dependent on the magnitude of flow and large IW have higher mobility right before peak flow 

(MacVicar et al. 2009). It is probable that towards higher flows, such as the spring flood that 

occurred in between the two post-restoration flight occasions (Fig 2), individual logs or some 

of the smaller IW clusters moved and merged together, therefore creating IW clusters with a 

higher number of logs and simultaneously decreasing the number of IW clusters. However, it 

is worth noting that the decrease of IW clusters was only 3 clusters and the increase of IW 

clusters with higher numbers of logs in them was also low with only 3 clusters having a 

higher number of logs in them. Even though this indicates a change in cluster composition, it 

is a small change. 

 

Together with the change in cluster composition and decrease of clusters there is some 

indication that there has been movement of IW. The IW cluster polygon overlap between the 
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two post-restoration flight occasions was only 48,09 %, suggesting that the clusters could 

have moved. There is however a degree of human error here since the polygons were drawn 

manually and could have different extents if you were to draw them again. It is important to 

remember that the movement observed does not mean that the placed IW clusters have been 

flushed out completely. It is possible that the decrease in polygon overlap could be because 

the clusters have become more compact during the spring flow and have now become more 

stable, however further research is needed to confirm this. Even though long-term evaluations 

of IW movement are rare, most studies have shown that placed IW structures remain stable 

for years and have failure rates that are relatively low (Roni et al. 2015). It would be 

interesting to see how the IW clusters move after a longer period since this is an alluvial 

reach, meaning there are less hard structures like big rocks to help retain IW clusters.  

 

Because a lot of the restoration work consists of adding IW it is preferable that it is relatively 

stable, so all that work won’t be flushed away by the next summer. Large wood presence is 

also important for geomorphic complexity within the restored section (Polvi, Nilsson & 

Hasselquist 2014). However, mobilized wood also has important ecological and physical 

functions in watercourses, like contributing to the disturbance regime, dissipating flow 

energy, organisms’ dispersal, providing refugia and diversifying wood decay rates (Wohl et 

al. 2023). Wood mobility is also important for downstream environments like lakes, 

coastlines, and the sea by providing a source of IW. Therefore, it is important to consider that 

movement of IW is a natural process and even though some degree of stability in IW 

following a river restoration is required, mobilized IW is highly important and has diverse 

functions while fixed IW has limited ecological and physical functions (Wohl et al. 2023).  

 

Even if you add fixed or more mobile IW during a river restoration, it is important to keep in 

mind that manually adding IW during river restorations can only provide positive functions up 

until a certain point. It is important to remember that river restoration needs to be done 

together with restoration of the upslope processes that create a natural IW recruitment for the 

river restorations to meet the objectives in a more long-term perspective (Roni et al. 2015). 

Riparian forests are particularly important when doing restoration work that focuses on IW. 

River restoration projects should focus on the growth of riparian forests in order to create 

natural IW recruitments and functional geomorphic complexity (Livers & Wohl 2016). This 

means that land use practices that involve riparian forests will also influence the IW 

recruitment. There is a notable clearcut area on the southern part of the study reach, making 

this something of importance in this study reach and the possible future natural IW 

recruitment. Having old riparian forests is also of high importance because riparian forests 

directly influence the amount of IW and riparian forests of a lower age provide less IW 

(Gregory, Meleason & Sobota 2003).  

 

4.3 Accuracy of the automated image thresholding 
The automated image thresholding has some limitations in how successful it was on detecting 

IW. There was a clear difference of how accurately the image thresholding could detect IW 

between the pre-restoration orthomosaic and on the two post-restoration orthomosaics. The 

image thresholding on the pre-restoration orthomosaic had the lowest accuracy of all the flight 

occasions (Table 3). This could be because the IW in the pre-restoration orthomosaic was 

darker, probably because they had been in the stream for some time and therefore started 

deteriorating, making them too dark to be picked up by the image thresholding. The low 

accuracy could also be a result of the high water discharges during the flight. A lot of the area 

detected by the image thresholding was in the lower part of the stream where the rapids were 

located (Fig 6). A higher water discharge could have caused the amount of white turbulent 
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water to increase and therefore detecting a lot of water as false IW. The higher amount of 

detected area and accuracy for the two post-restoration flight occasions could be because the 

IW was lighter in color because they were recently added into the stream. This could cause 

the IW to be easier to distinguish by the image thresholding. The image thresholding on the 

orthomosaic from directly after restoration had the highest amount of detected area with 

2492,86 m2 while the image thresholding on the orthomosaic from one year after restoration 

only had 278,91 m2. The image thresholding on the orthomosaic from directly after 

restoration detected the highest amount of area but it had problems with its accuracy. The 

orthomosaic from directly after restoration was taken when there had been some snow fall and 

there was little foliage on the trees (Appendix 2). Both the snow and trees without foliage 

were falsely detected as IW because of its light and similar color to actual IW, resulting in a 

lot of detected areas in the riparian zone (Fig 6). Snow has also been shown to be easily 

detected by an automated snow extent mapping based on RGB orthoimagery because of its 

contrasts to snow-free areas (Niedzielski, Spallek & Witek-Kasprzak 2018). Another reason 

as to why this image analysis detected a lot of false IW could be due to the blurry parts in the 

orthomosaic. IW that was in the blurry parts appeared wider than what they should be, 

resulting in more pixels with lighter color. This could have resulted in more pixels getting 

detected as IW when in reality the IW were just stretched out because of the blurriness. This 

all resulted in the image thresholding detecting a lot of areas that were not IW, decreasing the 

accuracy to only 8,59 %.  

 

The image thresholding on the orthomosaic from one year after restoration had the highest 

accuracy with 38,93 %. This orthomosaic was taken earlier in the growing season where the 

trees had a lot of foliage and there was no snow on the ground. In this orthomosaic it was 

however more visible sand, something that also has a lighter and similar color to IW. The 

amount of falsely detected IW was still much smaller than the amount from the previous 

orthomosaic, probably because there were less areas that had similar colors to IW in the 

orthomosaic from one year after restoration. One other thing to consider is that when you 

have more foliage in the riparian trees it will be harder to detect IW close to the bankfull edge 

and this could be why the image thresholding had a hard time detecting IW in the side channel 

(Fig 6). It will also be harder to correctly identify where the bankfull edge is when there is 

much foliage in the riparian zone (Karlsten 2019; Tamminga et al. 2015). Other than sand, 

snow, and trees with little to no foliage, turbulent waters also had similar colors to IW. When 

doing the image thresholding on only the areas of the study reach that did not have any rapids, 

the detection accuracy increased for all the flight occasions (Table 3), with the highest 

accuracy of 47,35 % for the orthomosaic from one year after restoration. It was also observed 

that the image thresholding detected more birch trees than it did spruce trees. This is likely 

because of the difference in color between the two species, where birch trees have a lighter 

color than spruce. If you lowered the RGB values to detect more of the spruce trees you 

would however be faced with a lot more detection of false IW, since there are a lot of other 

pixels that have a color more similar to dark spruce trees.  

 

The image thresholding done on the orthomosaic from one year after restoration would be 

considered the best due to the high accuracy. It is likely that the accuracy is thanks to the 

natural conditions in the study reach during the flight when the orthophotos were taken. The 

accuracy of the detection of IW was also highest for the image thresholding done on the area 

without the rapids. Even though the best accuracy is not low it could be higher, making room 

for improvement and further development of this method. One way to improve this method is 

if you could segment out object shapes as well, not only objects of a certain pixel size. This 

could make it possible for the image thresholding to only detect objects that were more of a 
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straight-lined shape, more resembling of IW. This could make it more accurate by eliminating 

other objects like patches of sand, snow, white water, or trees with little to no foliage that 

have the same color range as IW. Deep learning and Artificial Neural Networks (ANN) could 

also be other methods used to automatically detect IW. ANN has been shown to be a useful 

tool when doing automated detection of environmental patterns, with an accuracy over 81 % 

(Rivas et al. 2015). It is believed that with the suggested improvements, this method could be 

used to create a faster way to detect IW in river monitoring and therefore make IW a more 

accessible metric to investigate in a larger context in river restoration projects. 

 

4.4 Usefulness of UAVs in IW analysis  
There is no doubt that UAVs are extremely useful and have great potential in data collecting 

and monitoring in river restoration. This study is solely based on data retrieved from photos 

that were taken with UAVs. Even though it has shown great potential there are still some 

things to consider. One of the problems in this study was inconsistency amongst the photos. 

The photos were taken during different natural conditions and during different water 

discharges, making it hard to do fair evaluations of differences between the flight occasions. 

If you take the photos during the same conditions each year it is easier to examine differences. 

Apart from having consistent photos there are other problems that need to be addressed in 

order to improve data collection and monitoring of watercourses. Something that was a big 

problem in this study and has shown to be problematic in other studies as well was image blur 

(Woodget et al. 2017). The blurry orthophotos that were taken directly after restoration made 

it hard to see the width of the IW, making the calculated IW volume and IW area to 

potentially be incorrect. It also made the manual digitizing take a lot longer time than 

necessary. Something that could be a reason for the blurry pictures is the weather conditions 

during the flight, something that also has proven to be problematic (Woodget et al. 2017). If 

there is wind during the flight it can result in a lot of image blur, making data acquisition 

highly dependent on careful planning based on weather conditions to ensure good photo 

quality (Woodget et al. 2017).  

 

Even with good quality photos there were still some issues with the manual digitizing of IW. 

Because of the similarities in color, it was hard to distinguish the actual length of some IW 

that were located in parts with a lot of rapids. This was mostly a problem if the IW was 

shorter and thinner, making it stand out less than long and wide IW. Another issue was the 

problem with weird angles during the digitizing of IW in the pre-restoration orthomosaic. 

Some IW was bent towards the river, and it sometimes looked like they were in the river 

when they were just crooked and not touching any part of the river at all. Retrieving data 

using UAVs and using GIS to analyze the data have however proven to have advantages, 

compared to other methods in data acquisition. Using this method has proven to be more 

flexible and data can be obtained easier, more quickly and more often (Woodget et al. 2017). 

UAVs especially will most likely improve and continue to be used in more and more ways in 

monitoring rivers but also other fields, like assessment of forest health in conservation 

monitoring (Harris et al. 2022).  

 

4.5 Conclusions 
The IW metrics that were investigated in this study demonstrate both the affect of restoration 

on IW and, of particular interest, the evolution of wood distributions and characteristics in the 

year following restoration. The decrease in total IW volume and IW mean length shows that 

there has been a decrease in IW, even though the number of IW pieces has increased. It is 

likely that this is due to the breakage of IW and shows that in order to properly understand the 

development and dynamics of IW following a river restoration, multiple metrics are needed. 
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Otherwise, it may be falsely concluded that there has been an increase in IW when in reality, 

it is breaking apart. During the peak flow that occurred between the two post-restoration flight 

occasions, it is probable that individual logs or smaller IW clusters moved and got added 

together with other IW clusters, changing the composition of the IW clusters simultaneously 

as it creates a decrease in IW clusters. The movement of IW shown in this study also 

highlights the importance of protecting and restoring riparian forest in order to have long-term 

natural IW recruitment to maintain the positive effects of IW received by the restoration.  

 

The image thresholding could, with some improvements, be a successful method used to 

detect IW automatically and accurately. It is however limited to certain natural conditions and 

the image thresholding had the best accuracy during low water levels, no snow on the ground, 

some foliage in the riparian trees, calmer waters, and preferably no big patches of sand. Even 

with its limitations, it could be a useful tool in river monitoring and create new and faster 

ways to detect IW. This study also only investigates changes in IW for one year and how 

those changes develop over time is interesting to investigate further, especially considering 

the fact that this is an alluvial reach in Northern Sweden and therefore has special wood 

dynamics.  
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Appendix

Appendix 1. Orthomosaic showing the study reach pre-restoration, taken on the 27th of September 

2021.  
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Appendix 2. Orthomosaic showing the study reach directly after restoration, taken on the 19th of 

October 2021.  
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Appendix 3. Orthomosaic showing the study reach one year after restoration, taken on the 28th of June 

2022. 
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Appendix 4. Map showing the locations of the IW cluster polygons for directly after restoration (2021 

AR) and one year after restoration (2022 AR). It also shows the intersected area where the cluster 

polygons overlap between the two post-restoration flight occasions.  

 

 
 


