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ABSTRACT: 

In the era of climate change, landscape features and their systems are becoming altered in 

unpredictable ways. In sensitive areas such as the arctic, it is important to monitor these 

landscape features and develop protection strategies to keep the natural systems they are 

connected to in balance. However, the first step in this process is to quantify the extent to which 

these features are changing. One of the ways in which we can do this is through historical 

vertical aerial photography. This study looks at the feasibility of distinguishing landscape 

features from 20 historical vertical aerial photographs located in the central Northwest Territories 

and their feasibility of quantification through time. By narrowing in on the vegetated margins of 

ponds, tree islands between the forest-tundra ecozone and shrub boundaries this project 

discerned the feasibility of measuring change on the arctic landscape through time. This was 

done by comparing the historic photographs to contemporary satellite imagery, and were 

quantified through ArcMap v 10.5. The study found 110 ponds increased in area over time and 

265 declined. 17 of those ponds decreased and fragmented dramatically, but it was not enough to 

attribute these outliers to landscape wide change. The number of trees found in the 10 plots 

surveyed on the landscape saw growth, with densities doubling through time, however areas of 

low density in 1946 were subject to low densities in 2010. Shrub boundaries were not measured, 

as through careful consideration, the orthorectification of the photographs did not prove to be 

reliable enough to produce conclusive results. The manipulation of the historical vertical aerial 

photographs proved to produce a number of opportunities for inaccuracies, and these were 

critically observed and a set of best practices was developed to help with the maneuvering and 

feature discursion of these remote photographs. Future research would include the ground 

validation of these results and a set of intermediate data between the two time periods. 
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1.0 LIST OF COMMON ABREVIATIONS 

DPI-Dots per inch 

GCP-Ground Control Points 

RMSE-Root Mean Square Error 

TIFF-Tagged Image File 

UTM-Universal Transverse Mercator 

2.0  INTRODUCTION 

2.1 BACKGROUND 

As the climate continues to warm, it is important to understand and determine the extent and 

magnitude of its impact on ecosystems. In the face of climate change, areas of relative sensitivity 

need to be monitored closely. Areas such as this, with the example of the arctic are seeing natural 

dynamics shifting in unpredictable ways.  

Practices such as aerial photography have the potential to be a viable tool in measuring 

the extent of this change (Morgan, Gergel, and Coops 2010). By comparing historical vertical 

aerial photography with contemporary satellite imagery, it is possible to track and measure such 

change by focusing on distinct classes of landscape features. What is significant about historical 

vertical aerial photography is its ability to serve as a baseline for monitoring change, by 

providing data from the past that would have otherwise been unavailable (Danby and Hik 2007; 

Plug, Walls, and Scott 2008; Ropars and Boudreau 2012; Tape, Sturm, and Racine 2006). 

Although it is possible to monitor landscape change with other technologies such as climate 

records and satellite imagery, it does not provide the comprehensive and visual scope historical 

vertical aerial photography occupies (Morgan et al. 2010). 
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2.2 PREVIOUS KNOWLEDGE  

A number of studies have utilized historical vertical aerial photography as a means of 

monitoring landscape change in the arctic. In fact, there is rich literature describing the 

utilization of this technology in Alaska, Quebec, Yukon and Nunavut but experience is lacking 

for the central portions of the Northwest Territories, despite the large geographic extent of this 

region. Additionally, the majority of these studies focused on one particular landscape feature 

and how it has changed over time.  

However, this report will be focussing on three landscape features; (1) the vegetated 

margins of tundra ponds, (2) tree islands within the forest-tundra transition zone, and (3) the 

boundaries between shrub and tundra vegetation types, and how these features have responded to 

their environment throughout time in the central Northwest Territories.  

As indicated by the literature, shrub boundaries are expanding (Myers-Smith et al. 2011; 

Ropars and Boudreau 2012; Tremblay, Lévesque, and Boudreau 2012). Treeline is moving north 

(Danby and Hik 2007; Middleton et al. 2008). And shorelines are shrinking and being replaced 

by encroaching vegetated margins (Britta, Sannel, and Brown 2010; Macdonald et al. 2012; Plug 

et al. 2008; Riordan, Verbyla, and McGuire 2006). The question is, what types of changes are 

occurring in the central Northwest Territories? 

2.3 GOALS OF PROJECT 

 The goal of this project is to see if historical vertical aerial photography can be a viable 

tool in measuring landscape features in the central subarctic. And if so, the hope of this project is 

to be able to provide comprehensive knowledge of changes occurring in relation to other areas in 

the arctic, and establishing a set of best practices for determining this change. 
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2.4 OBJECTIVES: 

1. To establish a set of best practices for the interpretation of landscape features on 

historical vertical aerial photographs.  

2. To measure and analyze the change of landscape features (1. Shrub boundaries, 2. Tree 

islands in the forest-tundra transition zone, 3. Vegetated margins of tundra ponds) of the 

areas of interest in the Northwest Territories. 

3. To establish if change is occurring across the landscape, and if so, to what extent is this 

transition taking place.  

3.0 METHODS: 

3.1 STUDY AREA: 

For this project two areas in the central Northwest Territories were chosen to be the sites of 

analyzation. The first area of interest is the region surrounding Daring Lake, Northwest 

Territories, Canada, and home to the Tundra Ecosystem Research Station (TERS). This area is 

approximately 250 km2 and is a part of the southern low arctic tundra shield as defined by the 

Government of the Northwest Territories (Ecosystem Classification Group 2008). This 

classification indicates the area is generally made up of low and erect-dwarf  birch shrubs as 

being the dominant vegetation type, along with lichens that are found on exposed bedrock and 

boulder outcrops and low-lying herbaceous species (Ecosystem Classification Group 2008). The 

ecozone is also known to support small stands of  trees usually found within 20 kilometers of the 

treeline-tundra transition zone around the low-lying boundaries and drainage areas of lakes; these 

clumps of trees are known to support spruce, willow and alder (Ecosystem Classification Group 

2008). Looking more specifically at Daring lake, this area is located at approximately 

64°50’37.43” N and 11°.38’37” W and is found 300 km Northeast of Yellowknife and 70km 
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from treeline (aprox.) (Dagg and Lafleur 2011). This area is also home to a handful of large 

ungulates such as Bathurst caribou, moose, and the occasional muskox, as well as large 

carnivores like grizzly bears and wolverines. The average annual temperature is known to be 

around -9 degrees Celsius, as the range is from -30 to + 12 degrees Celsius, and the annual 

precipitation is 200-300 mm, with around 60% of it counting towards rainfall (Agriculture and 

Agri-Foods Canada 1997). Lastly, permafrost is continuous in this area and results in features 

such as ice polygons and wedges to occur on this landscape. As for topography, eskers and large 

erratics are present throughout the region (Ecosystem Classification Group 2008). 

 The second area of study is made up of two different areas, and are only around 64 km 

away from each other. The first site has an area of approximately 200 km2, and is located just 

north of Whitewolf lake in the Northwest Territories at 65°02’35.51”N and 113°44’41.94” W. 

The second site has an area of about 40km2, and is just northwest of Big lake in the Northwest 

Territories, Canada, and is located at 64°31’57.74” N and 113°07’29.88” W. Together, these 

sites average an area of 240 km2, which is very similar to the area of site number one, and is 

located approximately 263 km north of Yellowknife and 76 km northwest of Wekweti, which is 

the closest community to the site. The two sites are also located approximately 76 kilometers 

northwest of treeline. Both of these areas can be placed in the Snare Plain High Subarctic 

Ecoregion as categorized by the Government of the Northwest Territories (Ecosystem 

Classification Group 2012) .This ecoregion contains primarily shrub-sedge cover, along with 

low-lying herbaceous species and can be known for having scattered stands of white spruce 

throughout low-lying areas and drainage routes made up of course sediment along shorelines 

(Ecosystem Classification Group 2012). This ecoregion houses a number of caribou herds, 

beaver, grizzly bear and wolf just to name a few of the mammals present in this area. As for 
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climate, the average temperature for the region is variable from -4 to -9 degrees Celsius 

(Agriculture and Agri-Foods Canada 1997). Annual precipitation occurs around 270 and 390 mm 

and like site number one, about 60% of precipitation is attributed to rainfall rather than snowfall. 

As for permafrost, is it present in the Northern boundary of this ecoregion, but is scattered and 

ununiform elsewhere (Ecosystem Classification Group 2012). Generally, this area is 

characteristic of lots of lakes which provide a saturated and plentiful wetland system. 

Overall, these two areas are fairly similar in the natural vegetation that resides there, however the 

second site this project will be working on does contain a larger mass of vegetation and tree 

islands than the first site does. These two study areas will be the focus of this project, and were 

chosen as a result of familiarity and their equal size, as well as the data available in terms of field 

validation as well as photograph quality. It is important to note these two sites are not meant to 

reflect the entire territory, but rather is used to highlight the change occurring in two different 

areas of the Northwest Territories. 
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Figure 1: A map depicting the footprint of the study areas and their location within the Northwest Territories. 
**(appendix) 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: A map showing to a greater extent the footprint of the historical vertical aerial photographs of study area 
1. 
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Figure 3: A map showing to a greater extent the footprint of the historical vertical aerial photographs of study area 
2. 

 
Figure 4: A map showing to a greater extent the footprint of the historical vertical aerial photographs of study area 
2. 

 

3.2 ORTHORECTIFICATION 

20 monochrome contact prints were purchased from the National Air Photo Library in Ottawa, 

Ontario, Canada. The photographs were selected based on clarity (easily identifiable features, no 

clouds or marks based on age or handling), familiarity of the area, the number of quality 

photographs available in the area, and the date in which they were taken. Out of the 2 study sites, 
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12 were collected from the Daring lake area, and 8 were collected from the Whitewolf-Big lake 

area. These photographs were taken from 1946-1948 and their scales range from 1:25,000 to 

1:35,000 (tables 1 and 2).  

The photographs were then scanned using a high resolution Epson Expression scanner. 

The photographs were scanned at 900 dots per inch (dpi) and saved into a tagged image file 

(TIFF), which is used to format high resolution raster images, and help prevent data from being 

lost during the compression of the image.  

The TIFF files were then uploaded to ArcMap version 10.5 for the rectification process. 

The individual photographs were orthorectified using a basemap. The basemap chosen for this 

process was a topographic base map of waterbodies retrieved from the National Topographic 

Data Base. The map was downloaded as a 50K vector file in Zone 12 of the Universal 

Transverse Mercator coordinate system and data was utilized from sections 76/D/12. 13. 14., 

86/A/06.10.11.13., and 86/H/03.04 which was derived based on the Topographic Index produced 

by Natural Resources Canada (Government of Canada 2015). This basemap was considered 

based on a number of factors. First, the accuracy of the basemap; after the second world war, the 

development of photogrammetry and the extensive availability of airplanes resulted in the 

development of topographic map creation. Considering this, it is likely to assume the 

photographs which are being interpreted in this study would have aided in the development of 

the topographic map being used for orthorectification. Secondly, the goal of this project is to 

determine if landscape features in the arctic are changing, and because of a lack of ground 

validation in this project it is important to choose areas not likely to have changed. In order to 

avoid inaccuracies, it was deemed appropriate to use the topographic map as a basemap due to its 
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probable origin of being created based on the features of the photographs, making them 

improbable to visual change.  

These maps were additionally chosen over contemporary satellite imagery for this reason. 

The points of validation through the rectification process were based on distinct features of the 

water bodies, so if this area was subject to change over time, it could result in inaccuracies in the 

georeferencing. The decision of using distinct points on waterbodies over other features was 

based on the clarity of the photographs. At the beginning of the georectification process it was 

difficult to point out distinct features on the landscape due to clarity and scale issues. Because 

the shorelines of the waterbodies present such a clear target, it was deemed the best option. From 

here, the basemaps had their projection changed to match the pre-selected coordinate system 

WGS 1984 UTM zone 12.  

Next, 30 ground control points (GCPs) were selected. When it comes to 

orthorectification, is it common to base these points on previously collected ground validation. 

However, as mentioned previously, this was not an option for this project. Thus, the points were 

based off of distinct features in the shorelines of lakes and islands present in both the historical 

photographs and topographic basemap. These 30 control points resulted in various RMSE (root 

mean square error) amongst the photographs. An RMSE can be described as the relative 

proportional error which can be described as the standard deviation of the residuals (known as 

errors) located on the photographs and how well the points between these two layers fit with 

each other. The goal of georeferencing is to get the smallest RMSE as possible, which would 

mean the GCPs would have a high accuracy. The RMSE’s along with other metrics of the 

georectification process can be demonstrated on tables 1and 2. Once the images were 
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georectified they were exported as a rectified image, meaning a new image is created based on 

the established GCPs as a new TIFF file but the rectification cannot be changed. 

Table 1: Aerial photograph metadata of Daring lake. 
DARING LAKE

Photograph 
ID 

Scale Year RMSE 

A11411-75 1:35,000 1948 23.7914
A11411-76 1:35,000 1948 20.4856
A11411-77 1:35,000 1948 22.929
A11411-78 1:35,000 1948 21.8333
A11411-79 1:35,000 1948 17.5136
A11411-194 1:35,000 1948 21.9401
A11411-195 1:35,000 1948 21.952
A11411-196 1:35,000 1948 20.4775
A11411-197 1:35,000 1948 20.1061
A11409-339 1:35,000 1948 20.6905
A11409-338 1:35,000 1948 18.4297

 

 
Table 2: Aerial photograph metadata of Whitewolf-Big lake. 

WHITEWOLF-BIG LAKE
Photograph ID Scale Year RMSE 

A11445-196 1:35,000 1948 35.8227 
A11445-197 1:35,000 1948 25.7412 
A11445-198 1:35,000 1948 43.0925 
A11445-199 1:35,000 1948 31.5145 
A11445-200 1:35,000 1948 35.6071 
A11445-201 1:35,000 1948 33.5939 
A10365-28 1:25,000 1946 12.9928 
A10365-38 1:25,000 1946 19.6538 

 

3.3 PONDS AND LAKES: 

In order to measure the ponds and lakes, 2 shape files were created; one for the 1940 

photographs and the other for the satellite imagery from the 2010s**(Index). From here, the 

ponds were traced by hand and individual polygons were created using the freehand feature in 

the editing toolbar in ArcMap v. 10.5 (Figure 5). In total, 375 ponds were traced on the 

landscape and were matched on both the photographs and imagery. Polygons were traced on a 
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scale between 1:3,000 and 1:10,000 depending on the size of the ponds. This was done to 

maintain clarity and accuracy in the tracing of the ponds, and to ensure the shoreline was distinct 

enough to measure. Minimum and maximum sizes of ponds were established. Ponds that were 

too large to fit on the monitor (larger than 1:10,000) were not measured, this was due to the 

feasibility of working beyond the monitor extent. Lakes and ponds visually connected to other 

water systems were also not considered, because they could be subject to fluctuation in water 

levels and closed ponds are subject to greater climatic variability (Barber et al. 2004). As for the 

minimum size of ponds excepted, ponds smaller than 1 km at their widest point were not 

measured because the smaller the lake size, the harder it was to distinguish the shoreline. 

Additionally, the sheer volume of ponds present on the landscape was too great to measure every 

pond. As a result, these minimum and maximum acceptance parameters were defined in the hope 

of gathering a reliable collection of measurements from these ponds. Measurement between the 

two time periods was done without consistency and time was taken in between tracing sessions 

to ensure no formed bias or technique would continue from session to session. When all the 

ponds were traced, fields were added to the attribute tables from the two time periods. These 

columns were labeled perimeter and area and their geometry was calculated in meters. 
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Figure 5: A diagram showing the process by which the shapefile for the ponds was created using ArcMap v. 10.5.** 

(appendix) 

3.4 TREE ISLANDS: 

Tree islands were originally going to be determined and measured for all of the photographs, but 

their scale did not provide enough clarity to be deemed efficient for the identification of 

individual trees. Thus, only images A10365-28 and 10365-38 were used, as they had a larger 

footprint which resulted in greater clarity, their location was also closer to treeline which 

provided more trees to plot (for image metadata see Table 2). 

Ten plots were superimposed on the landscape using ArcMap v. 10.5 by creating fishnets that 

were 20 meters by 20 meters in length and had 5 columns and 5 rows (Figure 6; Figure 7). 

Fishnets were used to physically count the number of individual trees observed in the plots in 

order to determine the extent of change. Two separate plots were created and were matched to 

the same location on the historical photographs and contemporary imagery. This was done 
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because of the slight inaccuracy resulting from the georectification process and did not allow for 

the use of a single plot being tied to the two locations based on UTM coordinates. The location 

of the plots were determined by random stratified sampling to make the selection process free 

from bias and to ensure the effective representation of the landscape. Individual trees were 

counted in each plot and were observed at a scale of 1:1,250. Each plot was surveyed three times, 

and the two closest values were taken from the three surveys; the average of those values 

determined the number of trees in the plot. These values were used to determine the results of the 

growth in trees which are discussed in the results section. 

 

Figure 6: A diagram showing the process in which fishnets were superimposed on the photographs to count the 
number of trees per plot.**(appendix) 
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Figure 7: a diagram of all 10 tree plots superimposed on the landscape **(appendix) 
 
3.5 SHRUB BOUNDARIES: 

Upon assessing the quality of the historical photographs, and the accuracy of the rectification 

process, the measurement and analysis of shrub boundaries would not have produced results fit 

for strong conclusions. This decision, and the feasibility of measuring shrub boundaries with 

these photographs is discussed in further detail in section 5.1.4. 

 

4.0 RESULTS 

4.1 PONDS: 

The program SPSS v. 25 was used for the analysis of the collected data. The attribute tables from 

the two different time frames were exported into dbf files and uploaded into SPSS to be 

analysed. First, the frequencies of the data were analysed and histograms were produced. This 

analyzation exhibited the mean and standard deviation of the data, revealing close values (Figure 

8; Figure 9; Figure 10; Figure 11). 
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Figure 8: A histogram showing the area of ponds in 1940 and their frequencies. 

 
Figure 9: A histogram showing the area of ponds in 2010 and their frequencies. 
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Figure 10:  A histogram showing the perimeter of ponds in 1940 and their frequencies. 

 
Figure 11: A histogram showing the perimeter of ponds in 2010 and their frequencies. 

 

 

 



  20

Next, this data was analysed for a significant relationship using the paired samples t-test within 

SPSS. However, in order to deem this test valid, the data needed to be normally distributed. 

In order to determine this, a new column was added in the dbf table and calculated the area of the 

ponds in 1940 minus the area of the ponds in 2010; this was also done with perimeter. The 

values frequencies were projected through a histogram and were visually inspected (Figure 12; 

Figure 13). Upon inspection, it was clear both area and perimeter were normally distributed, thus 

the paired-samples t-test was performed, and the following metrics were derived (Table 3; Table 

4; Table 5). 

 
Figure 12: A histogram displaying the distribution of differences in area from 1940-2010. 
 



  21

 
Figure 13: A histogram displaying the distribution of differences in perimeter from 1940-2010. 
Table 3: The results of the paired samples statistics for the area and perimeter of the ponds for 1940 and 2010. 

Paired Samples Statistics 
  Mean Standard 

Deviation 
Standard 
Error Mean 

Pair #1 Perimeter 
1940 

1464.29 1556.244 80.364 

Perimeter 
2010 

1412.90 1574.702 81.317 

Pair #2 Area 1940 100039.41 213623.704 11031.481 
Area 2010 96288.67 213198.609 11009.529 

 
Table 4: The results of the paired samples test for the area and perimeter of the ponds from 1940-2010. 

Paired Samples Test 
Paired Differences 

    95 % Confidence 
Interval of the 
Difference

   

 Mean Standard 
Deviation 

Standard 
Error 
Mean 

Lower Upper t df Significance 
(2-tailed) 

Perimeter 
1940-
2010 

51.387 279.701 14.444 22.986 79.788 3.558 374 0.000422 

Area 
1940-
2010 

3750.739 28110.798 1451.635 896.349 6605.129 2.584 374 .010 
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Table 5: The results of the paired samples correlations for the area and perimeter of the ponds from 1940-2010. 
Paired Samples Correlations 

 Correlation Significance N 
Perimeter 1940 & 
Perimeter 2010 

.984 .0000422 375 

Area 1940 & Area 
2010 

.991 .010 375 

 

Overall, it is noted there is a significant relationship amongst the lakes. Meaning the lakes are 

changing over time. Based on the difference in values column in the dbf table, it was found that 

110 ponds had increased in area and 265 had decreased in area from 1940 to 2010. 

Both perimeter and area have high correlations of .984 for perimeter and .991 for area. 

Additionally, both significances are lower than .000, which presents a significant relationship. 

What this means as addressed previously is the lakes are indeed changing over time and are 

subject to a small reduction in size. This reduction is enough to reject the null hypothesis. 

However, it is important to note,17 ponds throughout the landscape had been highly fragmented 

or had disappeared completely over time. 

4.2 TREE PLOTS: 

Techniques for analysis for tree plots were very similar to the ponds. Frequency diagrams were 

produced through SPSS and were visually examined. As shown in Table 6, the means differ 

greatly from 1946 to 2010. The histograms show a great increase in the number of trees per plot 

from 1940-2010 which explains the increased mean (Figure 14; Figure 15). As per the ponds, the 

tree plots were also checked to make sure the data set was normally distributed. A second 

column was added to calculate the difference in values from 2010-1940 and a histogram was 

created and visually analysed (Figure 13). 



  23

 
Figure 13: A histogram displaying the distribution of differences in the tree plots from 2010-1946. 
 
 

 
Figure 14: A histogram showing the number of trees per plot in 1946 and their frequencies. 
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Figure 15: A histogram showing the number of trees per plot in 2010 and their frequencies. 
 
 
Based on Figure 15, and was also present in the frequency diagrams, there is a significant 

increase in the density of trees from 1940-2010 (Table 6). The histogram also shows us the data 

is normally distributed, which allows for the paired t-test. The paired t-test was conducted in 

SPSS and produced the following frequencies: 

Table 6: The paired samples statistics for the tree plots from 1946 and 2010. 
Paired Samples Statistics 

 Mean Standard 
Deviation 

Standard Error 
Mean 

Tree Plots 1946 36.150 15.5992 4.9329 
Tree Plots 2010 155.400 66.4738 21.0209 

 
 
 
 
 
 
 
 
 
 



  25

Table 7: The paired samples test results for the tree plots from 1946 to 2010. 
Paired Samples Test 

Paired Differences
    95 % Confidence 

Interval of the 
Difference

   

 Mean Standard 
Deviation 

Standard 
Error 
Mean 

Lower Upper t df Significance 
(2-tailed) 

Tree 
Plots 
2010-
1946 

119.2500 53.8296 17.8296 157.7574 80.7426 7.005 9 .000063 

 
Table 8: The paired samples correlations for the tree plots from 1946 and 2010. 

Paired Samples Correlations 
 Correlation Significance N 
Tree Plots 1946 & 
Tree Plots 2010 

.851 .002 10 

 

It is observed that there is a high correlation of .851 and a significance of .002. This relationship 

is thus deemed significant and the null hypothesis can be rejected. What this means in terms of 

the tree plots is the plots which displayed lower densities in comparison to the other plots in 

1946 will also display lower densities in 2010. 

 

5.0 DISCUSSION 

5.1 ACCURACY IDENTIFICATION IN METHODS: 

One of the major goals of this project was to establish a set of best practices for the manipulation 

of these historical vertical aerial photographs and how they can be used to extract and identify 

landscape features. Thus, it was important throughout this process to critically analyse all aspects 

of potential inaccuracy, whether it was caused by interpretation, user error, the quality of the 

photographs, or the methods. 

5.1.1. Accuracy in Orthorectification:: 
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As is identified in Tables 1 and 2, the RMSE created during the orthorectification process 

previously discussed in the methods section is overall high and variable amongst the two study 

locations. It is in good practice to aim for the RMSE to be less than the number of GCPs when 

working in a remote environment that does not contain any accurate and distinct features such as 

roads (Trent University Library Maps, Data and Government Information Centre). Therefore it is 

interesting to see the RMSE average differ based on the study sites. One of the reasons for this 

could be the quality of the photographs and the warp caused by the flight lines limiting the 

accuracy of the GCPs. It is also possible that it is a result of the topographic maps; while 

establishing ground control points it was apparent the outlines of the shoreline in the topographic 

base map did not always match the shape of the corresponding lake in the photographs. 

Additionally, some of them did not match the shape at all, thus it is possible this played some 

sort of roll in the RMSE being so variable amongst the areas as well as being generally high. As 

for the user-inaccuracies, there were two examples where I re-did the orthorectification process 

after a period of time and I found the user error to remain fairly consistent (Table 9). Through the 

rectification process I found it difficult to keep a low RMSE and still have the photograph fit the 

basemap. As a result, I focused on the fit rather than the low RMSE. This is something to keep in 

mind when orthorectifying historical vertical aerial photographs in remote areas and how much 

visual accuracy is important in working with these images. 
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Figure 16: Two examples taken from the historical vertical aerial photographs highlighting the inaccuracies of the 
topographic map that was overlaid to distribute GCPs in orthorectification. 
 
Table 9: Examples of orthorectification accuracies  recorded during the implementation of GCPs. 

Photograph 
ID 

Area RMSE #1 Number of 
Points 

RMSE #2 Number of 
Points 

A11411-79 Daring Lake 17.8455 30 17.5136 30 
A11445-197 Whitewolf/Big 

Lake 
20.0683 29 25.7412 30 

 

5.1.2 Accuracy in Lakes and Ponds: 

The measuring the lakes and ponds by hand was fairly straight forward. Having reflected on it, if 

I were to add to this project or do it again, I would re-trace a certain number of lakes and 

compare their area and perimeter to determine the accuracy and consistency of my tracing. 

However, based on visual inspection, the ponds were traced with enough accuracy to present 

area and perimeter measurements to analyze statistically.  

The choice to hand-trace these features instead of using a program also has its challenges. For 

example, when working with historical photographs, the image quality can present challenges, 

which in turn could affect the shape of the ponds. For example, the black and white images and 
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increased pixilation in comparison to the contemporary satellite imagery can affect the 

distinction of shoreline. There were a couple of instances throughout the tracing process in which 

a pond from the historical photographs had to be re-drawn based on a misinterpretation of 

shoreline. This issue was only realised when the historical photograph was compared to the 

satellite imagery, which is turned out to be a valuable tool in this process.  

It is also important to note the role orthorectification has to play in this process and the 

appearance of these lakes from overlapping aerial photographs (Figure 17). The location of these 

ponds from one photograph to another would often be skewed, thus, ponds were only traced 

from the central portions of the image, as the most distortion would occur around the edges. For 

this example, the accuracy of the referencing and distortion is not important in this project 

thankfully, but this should be kept in mind when it comes to other projects working with 

historical photographs. 

      
Figure 17: An example of the pond polygons and what they looked like when traced from the center of an aerial 
photograph (left) versus the edge of a photograph (right). 
 

5.1.3 Accuracy in Tree Plots: 

The process of determining the extent of trees throughout the historical photographs was a 

difficult process, as the number of trees were sometimes difficult to decipher. This difficulty 

could be attributed; like many of the other inaccuracies analysed in this project, to the quality of 
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the historical photographs. Specifically with the trees, with the historical photographs being in 

black and white, it was difficult to decipher individuals trees from the tundra landscape. Because 

of this, I mainly focused on the dark pixels which I associated with either tree stands or the 

shadows of trees which would identify the individuals. As for the new imagery, areas that had 

dense tree presence were a lot harder to count, but areas of sparser cover proved to be fairly easy 

to identify individual trees. These counts were also based on shadows, which stood out on the 

landscape. 

It is also important to note, as mentioned in section 3.4, only 2 out of the 20 historical 

photographs were counted for tree presence. This was done due to the quality of the photographs 

making it difficult to identify trees on the landscape, and the smaller scale of the photographs 

aided in identification. The location of the study area also influenced the choice of using of only 

2 photographs. The photographs from Big lake are the southernmost group of photographs within 

the 20, and because it was closer to treeline, there was obvious stand presence in the images in 

comparison to the others (Figure 1).  

While reflecting on my methods process, one thing I would have changed would be the 

number of plots and area. If this project expanded further I would survey more plots to get a 

better understanding of the landscape. I would have also counted the plots more than 3 times, as I 

found the more I counted the more I became familiar with the imagery and texture the trees made 

on the landscape. It would also have been beneficial to count tree presence to a greater extent. 

The goal of this project is to aid in the understanding of landscape features in the Northwest 

Territories, so surveying two aerial photographs is not reaching the extent I would have hoped. 
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5.1.4.Accuracy in Shrub Boundaries: 

The measuring and analysis of shrub boundaries as mentioned previously in section 3.5 was not 

completed for a number of reasons. First off, unlike the other ways of quantifying the landscape 

features, shrub boundaries are very dependent on proper geo-registration and rectification. 

Because of this, in order to feel confident in monitoring this change, the RMSE for the 

photographs would have had to be very low. Unfortunately, this was not the reality, so I felt the 

results would not have been accurate enough to record the landscape features justly. 

Additionally, as is a prominent theme throughout this paper, the quality of the photographs did 

not capture the landscape in a detailed enough manner to measure the shrub boundaries. 

However disappointing, this was a key decision made for the project, and is important to note 

that this conclusion was made. Measuring the shrub boundaries in these particular set of 

historical photographs was unable to be completed due to the clarity of the photographs and 

accuracy of the orthorectification process. 

5.2 SET OF BEST PRACTICES: 

A major aspect of this project was to determine the feasibility of  historical vertical aerial 

photographs in discerning landscape features, an aspect to this was to determine a set of best 

practice in handling and quantifying these photographs. Throughout this project, I found certain 

aspects of my methods proved to be helpful and others to be challenging. In this section I will be 

discussing said challenges and how the manipulation of these photographs can be done in a more 

efficient manner.  
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5.2.1 Image Selection: 

One of the major aspects of this project is the selection of photographs. It is mentioned more than 

once the quality and clarity of the photographs interfered with certain aspects of the project so 

the first recommendation I would make is to choose photographs with great clarity. In addition, 

the smaller the scale or footprint the better if working with landscape features like I did, as I 

found the two photographs with the best results in all aspects of my methods proved to be the 

ones with the smallest footprint. I would strive to find the best quality photographs for 

analyzation, as it just makes the methods easier to complete.  The time of year the photographs 

were taken may also be important with projects such as this. It is recommended the time of year 

the photographs were taken should roughly match with the satellite imagery you choose to work 

with. The medium in which the historical photograph should be in plays a role as well, and 

scanning from the original was efficient, however this was the only medium I worked in, so the 

quality of the other image formats is unknown. Scanning the photographs at 900 dpi gave the 

quality and resolution I wanted, and seemed to be the threshold value of dpi, as increasing it 

would have just made the file larger, rather than improve its clarity. There is also the option of 

working from a scan of the negative, which would have been interesting to try. 

5.2.2 Orthorectification: 

The orthorectification was a very important step to complete if you want the photographs to 

produce anything viable. As was presented in section 5.1.1. there was difficulty in the 

orthorectification of the historical photographs, with much of it stemming from the high RMSE. I 

believe the RMSE could have been lowered if pre-determined GCPs were taken in the field to 

represent distinct features and were distinguishable in the photographs. If this were to be done, 

the images would have to possess enough clarity to identify these features. Additionally, instead 
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of using a topographic map to georeference the photographs, I would suggest using a map or 

satellite image with greater representation of the landscape. In the case of my project, it was 

important to choose an older map because the ponds could have changed through time. However, 

if predetermined GCPs are established this will not pose as a problem, and may lower the RMSE. 

Something important to note is the georeferencing process does not translate as well to remote 

locations. Georeferencing relies on previously referenced, permanent structure like buildings or 

roads to get minimal RMSE. So it should be kept in mind the inaccuracy of referenced images in 

remote locations is going to happen to some extent. 

5.2.3 Ponds and Lakes: 

For the most part I found creating free-hand polygons and calculating area and perimeter through 

the attribute table to be fairly efficient. The number of ponds really takes up a lot of time, but the 

distinguishing of shoreline seems to be more precise. It is also discussed in a couple journal 

articles that hand tracing is the better strategy as opposed to using to using a program, which 

further supports the notion of hand-tracing over program use (Britta et al. 2010; Tape et al. 

2006). I would also recommend consulting the satellite imagery when tracing ponds from the 

historical photographs because it is much easier to discern the shoreline from high-resolution 

imagery than it is from black and white photographs from the 1940s. Overall, the method I 

presented in relation to the ponds I would recommend. 

5.2.4 Trees: 

The analyzation of tree cover on the landscape in my project was done with relative ease and I 

believe represented tree cover on the surveyed photographs. The superimposing of plots on the 

photographs was the best solution for this type of project, however, conducting field surveys 

would have been an important addition to the project. Additionally, as mentioned in section 5.1.3 
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I would suggest adding more than 10 plots to provide a more comprehensive look at the 

landscape, as well as surveying more than two photographs to expand the scope. The process of 

counting individual trees in plots proved to be efficient and I would suggest this method rather 

than determining percent cover per plot, as it proved to be more straight forward to count the 

values. 

5.2.5 Shrubs: 

As mentioned previously, shrub boundaries were not measured in this project, so the set of best 

practices I would suggest would be to have really well georeferenced historical aerial 

photographs. If this cannot be done, then I would not suggest going through with the 

measurement of shrub boundaries, as they rely on accurately referenced photographs. 

5.3 STATISITICAL ANALYSIS: 

5.3.1 Ponds and Lakes Analysis: 

The results of the paired t-test performed on the ponds and lakes of the study area provided some 

interesting information. One of these key findings being there is a variability within the changing 

areas of the ponds from 1940-2010. Due to the bredth of this project, no ground validation or 

further statements can be made about these findings and others revealed though data analysis, 

however speculations can be made based on previous studies and experience with the methods 

derived from the project. 

For example, the constant variability of the ponds through time (meaning no pond stays 

the same area or perimeter through time) could be a result of the measurement of the ponds. 

Manual tracing does not allow for the ponds to be traced with precise accuracy as it would with a 

program, so this slight variability may be a result of this aspect of the methods. Looking further 

into this, the quality of the historical aerial photographs could cause a variability as well. If the 
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old photographs have poor visibility in comparison to the contemporary imagery, then it is 

possible the shoreline could be misinterpreted, making the shoreline vary and could affect the 

area and perimeter as a result. 

Climatic factors and precipitation could also be causing this variability. In accordance 

with a study done in Tuktoyaktuk, small changes in pond area could just be a result in 

precipitation from year to year, and may be based on naturally fluctuating levels and not 

consistent change based on an increase in any sort of external environmental factor (Plug et al. 

2008). This study concludes in Tuktoyaktuk the landscape is seeing changes in these pond areas, 

however, it is not enough to infer it is occurring over the entire landscape (Plug et al. 2008). The 

increased growing season as a by-product of climate change may also be a factor leading to the 

variability of these ponds, and more specifically, increasing the opportunity of 

evapotranspiration in the ponds, resulting in decreased volume. This theory can be paired with 

the fate of the 265 ponds that decreased in area from 1940-2010 in our project. This was an idea 

was proposed by Brian Riordan and his team conducting a similar project in Alaska looking at 

pond area from the 1950s-2000s, and found in addition to increased evapotranspiration, this 

increase occurs specifically in the late summer (Riordan et al. 2006). These findings are 

important to keep in mind, as it could be occurring on this landscape, affecting the variability of 

these ponds. 

The time of year in which the photographs were taken in comparison to the contemporary 

imagery may also be a factor effecting pond variability. 18 of the 20 historical aerial photographs 

were taken in June of 1948, whereas the two images taken around Big lake were taken in August 

of 1946. June is a time where snow is just finished melting and the ice retreats from the lakes, 

whereas August sees a large among of evaporation and vegetation growth. This variability in the 
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time in which the photographs were taken is hard enough to distinguish, but with the unknown 

timeline of the satellite imagery, it could create cause for variability among values. Images taken 

in the spring in early June could bring increased volume to lakes from snow melt. This increase 

was measured in a study measuring pond variability near Prudhoe bay, Alaska (Rovansek, 

Hinzman, and Kane 1996). They also found ponds and wetlands are subject to a loss of water in 

August when evapotranspiration exceeds precipitation, and runoff and snowmelt in the spring 

help the ponds to reach capacity (Rovansek et al. 1996). Increased evapotranspiration in the late 

summer can also lead to an increase in vegetation growth in the ponds, a trend which was 

visually present in the heavily fragmented ponds in 2010 in our project (Marsh and Woo 1973) 

(Figure 18). 

5.3.1.1 Taking a Closer Looks: Outliers 

Overall variability of the ponds could have resulted from an overarching occurrence across the 

landscape, but the 17 outliers who exponentially decreased over time may have some greater 

issues to highlight that differ from these general trends. For example, the decrease of these ponds 

may be a result of a reconnection to greater hydrological systems. If there somehow becomes a 

stream opening between 1940 and 2010 then this could contribute or take away from the volume 

of water in the ponds. These systems may not be obtuse, and in my methods I tried to avoid 

ponds visually connected to these larger systems but there could have been a couple examples 

missed. Another factor could be increased precipitation resulting in erosion of the ponds, causing 

them to drain rapidly. This was an occurrence seen in a study by Macdonald et. al., where 

increased erosion caused some ponds in their study area to drain (2012).  

Sedimentation and nutrients present in the water may also play a role in a ponds 

fragmentation or variability, in particular the encroachment of their vegetated margins. One of 
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the ponds located in the study area seemed to match this conclusion. This pond, located at Daring 

Lake, had a different appearance in the photographs from the 1940s than any other pond did, and 

disappeared entirely in 2010 (Figure 19) . One of the theories brought to my attention was the 

possibility the pond may have been shallower than the other ponds, making it subject to 

evapotranspiration. Its unique appearance in the photographs may have also been a result of 

sedimentation, creating increased nutrients in the water promoting plant growth and thus causing 

and influx of vegetation in the area. Vegetation has been known to decrease pond size, and the 

increased vegetated margins of these ponds could be a reason behind this decrease (Andresen 

and Lougheed 2015). 

The study areas in this project are all subject to continuous underlying permafrost. Thus, 

it is important to consider the role permafrost may play in these outlying ponds. In fact, the 

active layer can play an important role in the make-up of these thermokarst lakes and ponds. A 

lot of ponds hold potential and grow based on the saturation level of the active layer (Marsh and 

Woo 1973). Thus, if precipitation increases over time then the ponds could gain in mass, or if the 

active layer is not saturated it could be subject to take on more water and potentially ‘shrink’ in 

appearance. This reduction of surface water has been seen in 17 of the ponds in this project, and 

it could be a sign of a decreasing water balance as a reflection of climate change (Klein, Berg, 

and Dial 2005). An example of this occurring was at a study site on Ellesmere Island and the 

pond being studied there (Marsh and Woo 1973). This pond was dependent upon groundwater 

for its mass and accounted for 90% of the rainfall over the summer and the level of saturation of 

the active layer (Marsh and Woo 1973). This pond could be representative of the outliers in this 

project, and reveals how evapotranspiration and the active layer are key elements to determining 

the volume of these lakes, and the time it can take for this transition to happen. 
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What this section reveals is there could be many reasons behind the outliers of this 

project, and whether it be one, or a combination  of the possibilities listed in this paper, there can 

only be speculation on the fate of these ponds. 

 
Figure 18: An example of a pond that has been heavily fragmented from 1940 (left) to 2010 (right). 

 
Figure 19: An example of a pond that has disappeared entirely from 1940 (left) to 2010 (right). 
 

5.3.2.Tree Analysis: 

One of the main results that occurred from this project was the increased volume of trees from 

1940-2010. One of the reasons behind this increase could be the way in which they were 

counted. The plots were counted manually, without an automated program, so it is important to 

keep in the mind the potential bias produced from this. Additionally, as is a common theme 

throughout this project, the quality of the images may have had an effect on the number of trees 
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counted from 1940-2010. There was an exponential increase in quality from 1940-2010 in terms 

of imagery, and this could have affected the number of trees observed in 1946 in comparison to 

2010. 

If there was to be any deduction of results in relation to biological factors, the increase in 

tree presence on the landscape from 1940-2010 could be a result in nutrient development in soil 

as a product of succession from the last glacial period. This was the main conclusion from a 

study based in Kenai, Alaska looking at the recent encroachment of shrubs and trees in the 

lowlands (Berg et al. 2009). It may also be a lack of natural disturbance like fire or erosion, as 

purposed in a similar project by Danby and Hik (2007). This notion is followed up as this is 

becoming a general trend of climate change, and treeline will continue to grow and expand north, 

creating this increase in growth (Danby and Hik 2007; Middleton et al. 2008). 

This conclusion is the most reliable based on the patterns being reported across treeline globally.  

However without field validation no solid conclusions can be made on the fate of these tree plots 

6.0 CONCLUSION: 

6.1. NEXT STEPS AND FUTURE RESEARCH: 

6.1.1. Ground Validation 

Firstly, one of the next steps for this project would be ground validation of the ponds and tree 

plots. The ponds could be validated by taking samples of the nutrients in the water, as this could 

give us more information on the influence of nutrient in expanding the  vegetated margins. These 

results could be compared to nutrient levels in the past through the utilization of sediment cores 

(Macdonald et al. 2012). It may also be beneficial to do some permafrost sampling around the 

areas of increased change, as melting permafrost underneath lakes can be known to shift water 

level over a short period of time (Macdonald et al. 2012). Next steps could also include looking 
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at the watershed these ponds are connected to in greater detail, to see whether the lakes subject to 

change over time may have been influenced by a connection to these larger systems.  

Looking at climate and precipitation records can also prove to be beneficial in aiding in a 

greater understanding of this area, and is a valuable tool in analysing ponds and trees. 

 The tree plots can be ground validated as well, this can be done by setting up the virtual 

plots in their real locations and counting the number of trees found within the plots. Tree cores 

and cookies, as well as stand dynamics such as the species present and the height of the trees can 

be recorded and analysed to determine the age of the trees and their density through time. These 

ground validation methods are present in a lot of projects surrounding trees and 

dendrochronology, and provide great measurements and validation from the field to support lab 

results. Field validation would have been a very useful tool in this project and would certainly be 

the next step I would take to extent this project further.  

6.1.2 Project Expansion: 

If someone were to expand on my project and findings, I would encourage them to experiment 

with the methods. For example, the use of automated programs instead of hand-recording the 

ponds and trees to see which method provides the most efficiency and accuracy. I would also be 

curious to see if these set of best practices for the measuring of features can be used for other 

aerial photographs or satellite images of the same area I worked with, to see if the results 

compared. I believe the expansion of this project could also be a next step; adding more plots and 

tracing more ponds, in the hope of adding to this greater dataset and reflecting change across the 

entire territory instead of these three study sites.  
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Finally, the implementation of an intermediate set of photographs or imagery that lie 

between the historical and contemporary data sets may provide useful information about the time 

in which these features changed.  

 
Figure 20: An example from a similar study measuring and analysing the state of arctic ponds in the Yukon Flats 
through time and their use of an intermediate time period; a potential next step for this project. (Riordan et al. 2006) 
 

 
Figure 21:  Another example of the how an intermediate set of photographs between two respective time periods 
can be beneficial in the analyzation of change across the landscape.(Macdonald et al. 2012) 
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All of these suggestions are potential next steps for the project and I deduce this was a great 

stepping stone to a greater evaluation and monitoring of change across the Northwest Territories. 

This was a great opportunity to add to the greater knowledge base of changing landscapes across 

the arctic, and even though the change presented in this study is minor, it is still important to be 

alert to the potential of change and the damage this can cause to the greater wildlife and 

vegetative communities that rely and live across these landscape features. Active evaluation is a 

key strategy in the management of these areas and studies like this and the countless others done 

in the arctic provide a baseline for other to add on. 
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7.0 SUMARY OF KEY POINTS 
 

1. The arctic is a sensitive environment and is seeing landscape features shift in parts of the 

Yukon, Alaska, and Quebec as a result of climate change. 

2. Historical vertical aerial photography can be a way to monitor long term landscape 

change, as it has data that goes back to the 1940s. Monitoring can be done by comparing 

the features on the historical photographs with the same features represented in 

contemporary satellite imagery (Morgan et al. 2010). 

3. The process of orthorectifying historical images in a precise manner can be a difficult 

task. It is encouraged that the orthorectification of historical photographs be as precise as 

possible when working with landscape features that are known to change in latitude and 

longitude, or need precise geospatial identification. 

4. The quality of the historical vertical aerial photographs plays a major role in the 

quantification of landscape features. It is recommended that the best quality of 

photographs be used and to use the smallest the scale available. 

5. The quantification of shrub boundaries was not completed due to a high RMSE in the 

orthorectification process and the clarity of the photographs. 

6. Results concluded that ponds were changing in size from 1940-2010, but the extent to 

which the ponds were changing was small. Over time, 110 ponds grew in area and 

perimeter, and 265 decreased in area and perimeter. 

7. Tree plots showed an increase in density from 1946-2010, and plots with smaller 

densities in comparison to the other plots in 1946 were likely to have smaller densities in 

2010. 

8. Results showed no significant change occurring generally across the landscape. 
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10.0 APPENDIX 
10.1 PLOT VALUES OF TREE ISLANDS: 
 

Average Tree Plot Values from 1946 and 2010 
Plot Number Tree Plots 1946 Tree Plots 2010 
1 54.5 238
2 41 143.5
3 33.5 84
4 42 235.5
5 26 148
6 41.5 187.5
7 16 55.5
8 22.5 110.5
9 20 115
10 64.5 236.5

 
10.2 COVID-19 DISCLAIMER AND PLACEHOLDERS: 
 
Page 9- Figure 1: I would have wanted to display this footprint of the historical vertical aerial 
photographs with greater clarity and developed map elements, however the restriction from the 
lab space from March 20th to the present as a result of the shutdown of non-essential services due 
to COVID-19 I was unable to display this footprint in greater detail. Instead, figures 1-4 were 
created through the GNWT community atlas tool. URL: 
https://www.maps.geomatics.gov.nt.ca/HTML5Viewer_Prod/index.html?viewer=ATLAS. 
 
Page 13- In text: The origin of the satellite imagery was unable to be attained due to restricted 
access to the lab from March 20th- Present as a result of COVID-19. The satellite imagery that 
was utilized was taken from the imagery basemap provided by ArcMap v 10.5. 
 
Page 15- Figure 5: This figure would ideally be mirrored with its satellite imagery pair, but this 
was unable to be done due to COVID-19. 
 
Page 16- Figure 6: This is another example of a figure that could be made stronger through the 
mirroring of a satellite image but was unable to be done. 
 
Page 17- Figure 7: The original intent of this figure was to display all 10 tree plots on the 
historical photographs and satellite imagery, but was unable to be done based on an 
unavailability of ArcMap. 
 
 
 
 


