
































































































4.6.0: Temperate Study Locations 

Figure 4.8: Locations of 3 temperate drainage network study 
sites in British Columbia, Alberta, and Nova Scotia, Canada 
(www. communication. gc. cal . . ./index_ f. html) 

Arctic drainage networks attributes are comparatively tested against 3 locations of lower 

latitude, temperate nature (Fig. 4.8). These networks provide accurate values to test my 

methodology by comparing my temperate results against published parameters. The 3 temperate 

sites are the Keg River of northern Alberta, Nicklen Creek of south central British Columbia, and 

the East River of coastal Nova Scotia. Attributes of these areas are: 
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River River Origin Location Mean Annual Mean Annual 
(Longitude/Latitude) Temperature (° C) Precipitation (mm) 

Keg River (AB) 117.57917 1.2 ± 12.1 33.5 ± 20.4 

57.747500 

Nicklen Creek (B.C.) 119.14000 9.0 ± 8.2 28.3 ± 5.5 

50.076667 

East River (NS) 62.259167 7.7 ± 8.6 125.7 ± 20.8 

45.110000 

Table 4.1: Attributes of temperate study sites (Environment Canada 2004) 
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Chapter5.0.0 Methods 

5.1.0: General Approach 

Analysis using newly introduced DEM data has made analysis of large drainage basins 

possible and statistical acquisition of these basins accurate (Rodriguez-Iturbe and Rinaldo 1997). 

Prior to this, field data and measurements were the limited data acquisition and analysis method. 

The combination of field work with accurately measured DEM data allows dependable data 

extraction with human observations as a data audit. 

5.2.0: Digital Elevation Models (DEMs) 

Regularly spaced grid cell compose the data structure of DEMs. In such a grid, 

elevations are available as a matrix of points equally spaced in two orthogonal directions 

Figure 5.1: Yukon coastal plain digital elevation model (DEM)(Canadian Center for 
Topographic Information) 
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(Rodriguez-Iturbe and Rinaldo and Rinaldo 1997). Spacing in DEMs used in this study have an 

order of 90 m resolution. Mean vertical resolution for these DEMs is 2.3 m (Appendix E). Each 

grid block with the DEM is called a pixel and RiverTools uses elevations associated to each pixel 

to assign a drainage direction from each pixel to one of its eight neighbours (Section 6.40). 

5.2.1: Digital Elevation Model Acquisition 

I used digital elevation models from Geobase, a federal, provincial and territorial 

government initiative overseen by the Canadian Council on Geomatics (CCOG). Files are 

Canadian Digital Elevation Data (CDED) in a U.S Geologic Survey (USGS) format. CDEDs 

consists of an ordered array of ground elevations at regularly spaced intervals. The source digital 

data for CDED at a scale of 1:250 000 are extracted from hypsographic and hydrographic 

measurements of the National Topographic Data Base (NTDB) and scaled positional data 

acquired from the provinces and territories. CDED files contain a Western and an Eastern 

section corresponding to half an National Topographic System (NTS) map sheet. Depending on 

specified latitudes of the CDED section, grid spacing for the 1:250 000 NTS tiles ranges from 3 

to 12 arcs seconds. Ground Elevations are recorded in meters relative to Mean Sea Level (MSL), 

based on the North American Datum 1983 (NAD83) horizontal reference datum. CDED provide 

values of elevation points (accuracy is resolution specific), orientations and slopes of each point. 

Numerous DEMs are merged together in RiverTools to allow a larger area to be analyzed. From 

this, selected areas are isolated and saved as an additional DEM from which results are extracted. 
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Figure 5.2: RiverTools output of all tributaries of the Running River with a pruning 
threshold of order three 

5.3.0: Drainage Network Analysis 

Prior to analysis, digital elevation models were imported from CDED into the .rtg 

RiverTools format and merged as needed (Fig. 5.1). RiverTools uses DEMs to produce maps, 

but also to make measurements and to derive quantitative information on drainage basins. 

Examples of quantitative measurements include the lengths and slopes of channel segments, 

contributive area of a watershed, the number of streams of a given order, the shape of a 

longitudinal profile, a basin's hypsometric curve, and basin shape. 
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I then used Ri verTools to extract aDS flow grid from the DEM. Flow direction from 

every pixel in the DEM to one of its eight neighbouring pixels is calculated from local slope and 

stored in a grid that has the same dimensions as the DEM. Each element in this grid contains a 

"flow code" that is a numerical pointer for one of the eight primary compass directions. The 

drainage network- formed by interconnected flowpaths is then extracted by specifying its 

drainage outlet. For example, the Running River mouth is selected, and all flow paths that lead 

to this outlet comprise its drainage network. 

RiverTools provides a complete drainage network in which essentially all pixels are 

channels. A user-defined pruning threshold is then used to eliminate the lowest order "channels" 

from this network. The user specifies a threshold that removes channels from the modeled 

network which do not occur in nature. The selection of this pruning threshold is a key aspect of 

analysis, and is addressed later. 

Once the network has been extracted, it can be viewed in various ways. Shaded relief is 

generated by projecting light onto the DEM from a given azimuth to enhance topographic 

features. River network display shows drainage networks (defined as order by pruning) of the 

chosen watershed. Plots can be combined into multiple layers on one figure. I plotted drainage 

area, along channel length, and along channel slope against Strahler stream orders and took 

values of Rs, RL, RA, and RG from the RiverTools summary data for each basin. 

5.4.0: Air Photo Inspection 

Aerial photographs provide one method of checking RiverTools' extraction of drainage 

networks, especially "pruning" of Harton-Strahler stream orders. In pruning the lowest stream 
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orders are removed from the network because they do not occur in natural networks. Ri verTools 

uses elevations of pixels in DEMs to determine flow paths and, without pruning, interprets all 

flow paths as open water channels. I compared channels, including water tracks, visible in 

1:20,000 scale aerial photographs to flow paths in RiverTools flow grid, and pruned until the 

remaining channels correspond to channels visible on the landscape. Numerous pruning 

thresholds 0-4 were used to determine the threshold that reproduced the observed pattern. The 

best-fit pruning occurs at 

a threshold of 3 because 

no channels are visible on 

air photos below this 

threshold. Order 4 

pruning eliminates major 

water tracks and is 

therefore unacceptable. 

After pruning the Strah 

stream orders are re-

numbered so the 

remaining lowest order 

channels are order 1. 

Figure 5.3: 1985 Air photograph of the Yukon coastal plain. The central river is 
my study area, the Running River. The large water body at the top of the picture is 
the Beaufort Sea 
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Chapter 6.0.0: Results and Discussion 

Statistical properties of drainage networks, including Horton laws such as bifurcation 

length, area and gradient ratios, commonly are used to quantify network properties. They may 

also be used to compare between networks, and probe for differences that reflect underlying 

fluvial processes and geology. In this chapter I use RB, RL, RA, RG to show such differences. 

6.1.0: Bifurcation (RB), area (RA), length (RL), and channel gradient (RG) ratios in 

the Running River Drainage Basin 
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Figure 6.1: Rs, RA, RL, and RG of the entire Running River (both open water channels and water tracks). 
Division of river into water tracks (Harton-Strahler orders 1-3) and open water channels (Harton-Strahler 
orders 4-5) is based on indicative slope break of best fit line between orders 3 and 4, combined with air 
photograph water track identification. 
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6.1.1: All Channels 

The Running River has bifurcation ratio 5.0, area ratio 5.7, length ratio 2.1, and channel 

gradient ratio of 1.8 (Fig. 6.1). The straight line fit for bifurcation and area ratios are strong, with 

R2 values of 0.994 and 0.991 respectively. The data fit for length and gradient ratios are less but 

remain statistically significant, with R2 values at 0.929 and 0.877 respectively. These results 

suggest, at first glance, that the Running River basin follows Hortons' Law of Stream Orders over 

all scales. 

Despite the fit across all orders, inspection of results and the relatively low R2 values for 

length and gradient ratios suggests, the Running River network displays a break in geometric 

scaling between stream order 3 and 4. This slope break also exists for bifurcation and area ratios, 

but is less pronounced. To explore this break in slope, analysis of the network was divided into 

two classes: up to and including order 3, corresponding to water tracks, and above order 3, 

corresponding to open water channels (Fig. 6.2 and 6.3). 
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6.1.2: Channels Below Order3 
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Figure 6.2: Rs, RL, RA, and RG of identified water tracks 

Bifurcation, area, length, and gradient ratios of the entire Running River were 5.0, 5.7, 

2.1, and 1.8 respectively, and R2 improves when calculated only for low order streams (Fig. 6.1). 

Specific values for isolated water tracks include a bifurcation ratio of 4.6, area ratio of 4.5, length 

ratio of 1. 7 and a gradient ratio of 1.2 (Fig. 6.2). Compared to basin-wide values, an overall 

reduction of ratios occurs in low order channels. Again, the definitive slope break is pronounced 

in Fig 6.2. 
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6.1.3: Open Water Channels 
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Figure 6.3: Rs, RL, RAJ and RG of open water channels within the Running River (YT) 

Isolation of open water channel ratios again provide another range of values. This is 

expected due to the different behaviour (i.e. flow regime) associated to open water channels. 

Generally, further depressed ratios as compared to Figures 6.1 and 6.2 are observed. 

Bifurcation, area, length ratios have decrease by 65%, 79%, and 61% respectively (Fig. 6.3). 

Channel gradient ratio remains approximately constant at 1.3 within open water channels, but a 

sharp break between order 3 and 4. A perfect data fit for the data occurred with R2 values of 1.00 

for all four ratios. This is expected due to only two points (4th and 5th order channels) existing for 

this section of the Running river and are therefore not actual R2 values. If a 6th order channel 

existed in my study area, a less accurate R2 value would likely result. The 3rct to 4th order slope 
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break is again observed in Figure 6.3 when these Horton plots are segmented into water tracks 

and open water channels. 

6.1.4: Comparison with Temperate Networks 

Temperate Temperate Running Running River Running 
Networks Networks River- -Open Water River- Water 

(Global (this study) Entire River Channels Only Tracks Only 
Averages) 

Bifurcation 3.7 ±0.2 3.9 ± 0.3 5.0 3.0 4.6 
Ratios (RB) 

Length Ratios 2.6 ± 0.1 1.9 ± 0.2 2.1 1.1 1.7 
(RL) 

Area Ratios 4.5± 0.3 4.3 ± 0.2 5.7 3.5 4.5 
(RA) 

Gradient N/A 1.3 ± 0.2 1.8 1.3 1.2 
Ratios(&) 

Table 6.1: Comparative results Arctic network ratios to temperate study ratios. Global averages are reported from 
6152 networks across Africa, Asia, Australia, Europe, North America, and South America (Vorsomarty 2000). 
Independent measurements using fewer networks but higher resolution DEMs show similar areas ( lgnacio-lturbe 
1997) 

Drainage networks have been proposed to be scale invariant, a hypothesis consistent with 

many previous published measurements of network characteristics (Ignacio-Iturbe 1997). This 

scale invariance may occur across geologic and climatic conditions (Ignacio-Iturbe 1997). 

However, my results show that Running River network properties show a distinct break in 

scaling after order 3. This is shown by Figures 6.1, 6.2, and 6.3 , and by comparison of Rs, RL 

and RA with global average values (Table 6.1). The temperate networks I analyzed fall, however, 

within global average, suggesting the methodology I employed is sound. 
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Similar bifurcation ratios (Table 6.1) between global (3.7 ± 0.2) and my temperate 

networks (3.9 ± 0.3) are shown in Table 6.1. The bifurcation ratio of the entire Running River 

shows is elevated(5 .0) compared to the temperate networks. This ratio remains high for only 

water tracks (4.6) but drops off dramatically when isolating open water channels (3.0), although 

the significance of the open water value for the Running River is questionable because it is 

calculated across only 2 orders of channels. This difference in ratios denotes a more branching 

(bifurcated) nature to water tracks compared to Arctic open water channels and globally averaged 

networks. 

A more pronounced difference exists in the length ratio comparison (Table 6.1) within 

temperate networks. Noticeable differences of Arctic networks include a lower length ratio of 

water tracks (1.7) as compared to both my temperate drainage networks (1.9 ± 0.2) and the entire 

Running River (2.1). Channel lengths do not increase through P\ 2nct, and 3rct order water tracks 

as rapidly as they do in similarly ordered streams of temperate networks. RL also is small for the 

Running River when calculated across only the 4th and 5th order open water channels. This is 

also observed for the East River study area in Nova Scotia (Appendix D). The probable cause of 

the shortening of the high order channels is landward coastal erosion independent of, or 

combined with, local sea level change. 

Despite different branching and channel lengthening behaviour for low order Running 

River channels (water tracks), RA is comparable to temperate networks. Similar area ratios are 

observed (Table 6.1) across global ( 4.5 ± 0.3), my temperate ( 4.3 ± 0.2) and water tracks of the 

Arctic ( 4.5). These results show that water tracks drain similar areas as temperate low order 
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channels, but may do so through a different geometry (heavily branched, constantly long). A 

potential feedback loop exists between the low length ratio and high bifurcation ratio water 

tracks that finds common ground in similar area ratios. The elevated area ratio of the entire 

Running river (5.7) is plausible but likely just an expression of the slope break seen on all Horton 

plots and the inaccurate data fit in this circumstance. The low area ratio of open water channels 

(3 .5) can again be attributed to coastal head ward erosion and local sea level changes diminishing 

the Running Rivers' drainage basins. 

The channel gradient ratio for global networks is not depicted in Table 6.1 as this ratio is 

not common to published work. The significance of this ratio is noted in that water tracks ratio 

(1.2) is lower than that of open water channels (1.3) (Figs. 6.2 and 6.3). Water tracks slope is 

therefore changing less/order than open water channels. A steep, constant profile is observed in 

water tracks of the Running River whereas open water channels in the Running river resemble 

the smooth, concave upward profiles found in temperate networks (Fig. 6.4). 
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Figure 6.4: Running River channel profiles of an open water channel (A) and a water track (B). Erosion and 
deposition in open water channels acts to smooth out the profile as the river strives to reach equilibrium. The 
absence of this in water tracks results in a constant steep slope, and sharp inflection point at the transition to open 
water channel. 
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6.2.0: Critical Basin Areas 

Comparative analysis of the minimum drainage basin area required (critical basin area) in 

order to initiate open water channels versus water tracks gives insight into the potential 

conditions required for the evolution of water tracks into open water channels. Water tracks 

critical basin area is 0.1 ± 0.9 km2 whereas high order, open water channels critical basin area is 

11. ± 9.7 km2
• Calculations of these critical basin area are found in Appendix E. 

6.3.0: Discussion 

Compared to temperate networks, the Running Rivers' drainage network has elevated 

bifurcation, and reduced length ratios. My hypothesis is these can be accounted for by unique 

processes operating within Arctic water tacks, namely the lack of incision, erosion and 

deposition due to different hydraulic flow regimes. The presence of these drainage pathways is 

well documented in published data and my ratio values are quantitative expressions of such 

structures. 

In this Arctic setting, a very permeable (hydraulic conductivity 10-3 ms- 1
) (Chason and 

Siegel 1986), minimally decomposed (fibric) layer ( ~0.4 m thickness) of Carex peat rests on top 

of a continuous, impermeable (hydraulic conductivity of 10-13 ms- 1
) (Norris 1996) permafrost 

layer. This peat is very capable of accepting the minimal amounts of precipitation (spring runoff 

combined with minimal annual precipitation) (Section 2.5.0) introduced to the system. As a 

result of this permeability contrast, water flow is restricted to the active layer on top of the 

permafrost table, with the water table being isolated by the continuous permafrost. Flow through 

peat is generally laminar (Quinton et al. 2000). Laminar flows have virtually no erosive power 
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(Leopold et al. 1992), and intact fibric peat forms a mat resistant to entrainment. Because of 

high permeability, water levels never overwhelm this porous medium and overland flow above 

the peat layer does not occur. This prohibits erosion, and the "channel" can not incise. In 

contrast, temperate networks lack this permeable buffer and therefore turbulent, overland flow is 

common during precipitation events, with resulting erosion, incision of channels (silty soils have 

permeability 10-9
- 10-6 m/s compared to 10-4 m/s for fibric peat) (Freeze and Cherry 1979). Field 

observations, the lack of open water channels, and the absence of well define hydrologically 

sourced topographic depressions support this view. The lower gradient ratio further supports the 

lack of incision. In temperate systems, low order streams above divides adjust their own 

gradients by incision, and the 

longitudinal profile is smoothed by 

downstream deposition (Fig. 6.5). 

The inverse occurs in the Arctic where 

low order streams (water tracks) have 

gradients that change very little 

downstream in higher order channels 
0.5 1.(} 

Distance (km) 
1.5 

Figure 6.5: Open water channel profile from the East River, NS 

- until open water channels are reached (Fig. 6.4). Erosion is observed in these open water 

channels with minor sediment fans seen being expelled into the Beaufort Sea. 

The elevated bifurcation ratio in the Arctic also is explained by non-erosive, laminar flow 

regime in water tracks. Because no incision occurs, water tracks simplistically transport water 

down fall lines. In temperate networks, incision occurs into the substrate due to overland, 
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turbulent flow, producing small channels (rills) which incise and induce cross-grading. This 

draws in drainage from surrounding areas, centralizing drainage into "gutter like" pathways that 

pirate other adjacent channels (Fig. 6.6). The result is less branching of tributaries into main 

rivers as larger, open water networks are a more efficient way of draining the watershed if 

precipitation amounts permit. In the Arctic, lowering of bifurcation by cross grading does not 

occur due to the lack of incision. Drainage channels cannot draw in other channels like water 

"tractor beams", and flow over permafrost is free to branch independent of neighboring networks 

(Fig. 6.6). Possible altering factors in the Arctic include; vegetative differences in the peat 

causing porosity irregularities, and permafrost table depth differences. Both of these may have a 

significant impact on the flow regime and the possibility of achieving overland flow. 

The low length ratio for the Running River also is explained by suppression of incision in 

water tracks. First order water tracks can flow alongside one another indefinitely because cross­

grading does not occur. There is no cannibalization of water tracks by surrounding channels as 

they never drain into each other. 

The similar area ratio is a result of no incision balancing out the high branching rate and 

the low lengthening ratio. Constantly long, branched networks can drain similar areas but 

through a different geometry. Typically an oval like curve is drawn around typical temperate 

drainage basins with regular branching within this boundary. Arctic networks planar profile 

would resemble an elongated rectangle with long, tentacle like channels within this boundary. 

Fractal space filling (Equation 5) is not accomplished in the Arctic setting due to this unique 
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geometry and is supported by an elevated D I:L value of 2.8 in contrast to a value of 2.0 for a space 

filling fractal. 

Temperate Drainage Networks 
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Figure 6.6: Evolution of Temperate and Arctic networks. Arrows denote hillslope flow paths. 
Variable directions in temperate networks are a result of active incision creating regional lows 
which pirate water from surrounding channels. Incision is not occurring in Arctic water tracks 
therefore channels are not drawing water from each other. 
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6.3.1: Causes of Open Water Channels on the Yukon Coastal Plain 

Water tracks are not the only drainage mechanism for water shed drainage on the Yukon 

Coastal plain. Incised, open water channels occur where the porous peat medium has been 

overwhelmed at some point in time. One explanation is that these channels initiate during spring 

runoff events. Precipitation and spring runoff amounts (Section 4.5.0) are, however, meager to 

account for some large channel valleys (Gardner 2005). Observed field evidence shows underfit 

streams occupying these large channels during the wettest month of August. The next plausible 

explanation deals with the Glacial history of the area. Several high order, mountain sourced 

(Barn Mountains), incised rivers (Running River) have attributed origins as glacial outwash 

drainage networks, specifically the Buckland Glaciation during the Early Wisconsin (100-120 

Ka) (Section 4.3.0). The Yukon coastal plain was free from effects from the last glacial 

maximum (20-24 Ka) being an isolated area between the Laurentide Ice sheet and the Western 

Cordillera. Many younger, intermediate order, open water channels exist on the landscape that 

are not sourced from adjacent mountain regions (Barn Mountains) and are too young to be 

associated to the Buckland glaciation. Channel initiation in this instance is attributed to 

catastrophic thaw lake drainage events overwhelming the peat medium and initiating open water 

channel incision. Water tracks are then forced into draining into these newly formed, 

topographic lows as is accounted for by field evidence and RiverTools outputs. Rapid channel 

initiation are intermediate steps in Arctic drainage networks evolution into mirroring temperate 

networks, with possible increase in thaw lake drainage accompanying global warming. With 
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longer summer seasons and warmer temperature, thaw lake evolution and drainage events are 

likely to become more numerous and possibly larger scale (Gardner 2005). 

6.3.2: Effects of Anthropogenic Global Warming 

At present, Arctic regions have experienced the greatest increase in annual mean 

temperatures, a trend predicted to continue throughout the next century (Hassol 2004). The 

thermal insulating properties of peat (Section 3.3.1) are not enough to shield underlying 

permafrost from this change in temperature. Associated with this increase in temperature are 

increased amounts of precipitation (Hassol 2004). Increased amounts of peat decomposition 

would likely accompany the increase in drier summer months. The amalgamation of these 

conditions may likely limit the peats ability in accommodating precipitation leading to it being 

overwhelmed by surface flow and overland, turbulent flow achieved. This may result in Arctic 

drainage networks evolving to mimic their temperate networks in overland, open water, incising 

flow. 
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Chapter7.0.0: Conclusions and Future Work 

Hillslope drainage on the Yukon Coastal 

plain is accomplished through small features 

labeled water tracks. Laminar hydraulic flow 

never overwhelms the very porous peat medium 

and therefore no overland flow is possible and 

river incision unlikely. Without cross grading 

and channel piracy, networks have unique 

quantitative expressions that differ from 

temperate drainage networks. The Arctic 

Figure 7.1: A common willow tree as an analogy of the 
possible branching geometry of Arctic drainage 
networks 

networks have highly bifurcated, constant length water tracks draining similar basin areas (Fig 

7.1). The three orders of water tracks are not a true space filling fractal, as observed in temperate 

drainage networks (Fig. 7.2). Moreover, the sharp break in slope between water tracks and open 

water channels shows scale dependent properties in contrast to scale in variance proposed for 

perate networks without significant geologic 

ontrols. Open water channels do exist on this 

andscape. Many may be the result of short term 

aw lake drainage events overwhelming the 

us peat medium. Climate change may 

plify the overwhelming of the porous peat 

Figure 7.2: An oak tree as an analogue for the 
symmetrical, space filling (fractal) nature of temperate edium with increasing temperatures causing 
drainage networks 
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permafrost reduction and hastening thaw lake margin expansion and number of drainage events, 

while increased precipitation inputs even more water into this finely balanced environment. 

These factors may force water tracks to be replaced by open water channels and exhibit a 

smooth, equilibrium-like longitudinal channel profiles (Fig. 7.3). 

Figure 7.3: Evolution, due to climate change, of a water tracks changing channel profile (Blue) into a 
open water smooth, equilibrium-like longitudinal profile (Red) 

Quantitative expressions of water tracks influence on hillslope drainage need to be field 

tested and GPS surveyed to accurately pinpoint the exact geometry and behaviour of water 

tracks. Use of satellite imagery, comparison of annual aerial photographs, and ground surveys 

are required. Annual surveys of this landscape is also required in order to detail the evolution of 
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these networks and possible affects of global warming this area. Expansion of study areas into 

other terrestrial continuous permafrost terrains such as Siberia and Alaska, would help complete 

the global picture of Arctic drainage networks. Extraterrestrial application of this methodology 

to permafrost-rich Mars may provide a unique comparison of the permafrost-controlled break in 

fractal scaling on other planets. Analogue modeling using contrasting layers of permeability and 

cohesion may provide a step by step glimpse of water track evolution in permafrost terrains. The 

transition from water tracks to open water channels was not directly analyzed in this study, but is 

believed to contain many significant attributes associated to the break in fractal scaling. 

Processes that give rise to this transition require attention. 

60 



References 

Anderson, D.M., and Morgenstern, N.R. 1973. Physics, chemistry and mechanics of frozen 
ground. In 2nd International Conference U.S. Natural Academy Science Natural Resource 
Council. Washington, D.C. 

Ashmore, P., and Church, M. 2001. The impact of climate change on rivers and river processes 
in Canada. Geologic Survey of Canada Bulletin, 555. 

Baird, A.J., and Heathwaite, L. 1997. Blanket Mire degradation: Causes, Consequences and 
Challenges. Macaulay Land Use Research Institute, Aberdeen. 

Boelter, D.H. 1969a. Physical properties of peat as related to degree of decomposition. Soil 
society of America proceedings, 33: 606-609. 

Boelter, D.H. 1969b. Physical properties of peat as related to the degree of decomposition. Soil 
society of America proceedings, 33: 606-609. 

Brown, R.J.E. 1966. Influence of vegetation on Permafrost. In Permafrost International 
Conference. Edited by N.A.o.f. Sci. Nat. Res. Council Publication, Vol.1287, pp. 20-50. 

Canadian Center for Topographic Information, http://maps.nrcan.gc.ca. 

Charman, D. 2002. Peatlands and Environmental Change. JOhn Wiley and Sons Ltd., New York. 

Chason, D.B., and Siegel, D.I. 1986. Hydraulic conductivity and related physical properties 
properties of peat, Lost River peatland, northern Minnesota. Soil Science, 142: 91-99. 

Cheng, Q., Russell, H., Sharpe, D., Kenny, F., and Qin, P. 2001. GIS-based statistical and 
fractal/multifractal analysis of surface stream patterns in the Oak Ridges Moraine. 
Computer and Geosciences, 27: 513-526. 

Dyke, L.D. 1996. White, Bam, and Campbell Uplifts. In The Geology, Mineral and Hydrocarbon 
Potential of Northern Yukon Territory and North-western District of Mackenzie. 
Geological Survey of Canada, Bulletin 422. pp. 333-357. 

Environment Canada. 2004. Climate data of Shingle Point A (1957-2004). Environment 
Canada. 

French, H.M. 1996. The periglacial environment, Edinburgh. 

61 



Gardner, D.W. 2005. Magnitude of Catastrophic Thaw Lake Drainage and Influence on Arctic 
River Channel Morphology, Yukon Coastal Plain, Western Canadian Arctic, Honours 
Thesis, pp.1-96. 

Hassol, H.A. 2004. Arctic Climate Impact Assessment: Impacts of a Warming Arctic. Press 
Syndicate of the University of Cambridge, Cambridge. 

Horton, R.E. 1945. Erosional development of stream and their drainage basins; Hydrophysical 
approach to quantitative morphology. Geologic Society of America Bulletin, 56: 275-
370. 

IPA. 2004. Global Permafrost Distribution. International Permafrost Association. 

Leopold, L.B., Wolman, M.G., and Miller, J.P. 1992. Fluvial Processes in Geomorphology. 
Dover Publications Inc., New York. 

Linell, K.A., and Tedrow, J.C.F. 1981. Soil and permafrost surveys in the Arctic. Claredon press, 
Oxford. 

Mandelbrot, B.B. 1985. Self-affine fractals and fractal dimension. Physica Scripta, 32: 257-260. 

McDonald, B.C., and Lewis, C.P. 1973. Geomorphic and sedimentologic processes of rivers and 
coast, Yukon Coastal Plain; environmental-social program, northern pipe-lines, Task 
force on Northern Oil Development, Terrain Sciences Division Geologic Survey of 
Canada. 

McNamara, J.P., Kane, D.L., and Hinzman, L.D. 1998. An analysis of an Arctic channel network 
using a digital elevation model. Geomorphology, 29: 339-353. 

Miall, A.D. 1992. Alluvial Deposits. In Facies Models. Geological Association of Canada. pp. 
119-143. 

Miller, G. 2001. Holocene paleoclimate data from the Arctic: testing models of global climate 
change. Quaternary Science Reviews, 20: 1275-1287. 

Norris, D.K. 1996. Physiographic Setting. In The Geology, Mineral and Hydrocarbon Potential 
of Northern Yukon Territory and North-western District of Mackenzie. Geological 
Survey of Canada, Bulletin 422. pp. 7-19. 

Quinton, W.L., Gray, D.M., and Marsh, P. 2000. Subsurface drainage from hummock-covered 
hillslopes in the Arctic tundra. Journal of Hydrology, 237: 113-125. 

62 



Rampton, V.N. 1982. Quaternary Geology of the Yukon Coastal Plain. Geological Survey of 
Canada, Bulletin317: 1-47. 

Ritter, D.F., Kochel, R.C., and Miller, J.R. 2002. Process Geomorphology. McGraw-Hill Higher 
Education, New York. 

Rodriguez-Iturbe, I., and Rinaldo, A. 1997. Fractal River Basins: Chance and self organization. 
Cambridge University Press, Cambridge. 

Rycroft, D.W., and Ingram, H.A.P. 1975. The transmission of water through peat. II Field 
experiments. Journal of Ecology, 63: 557-568. 

Rycroft, D.W., Williams, D.J.A., and Ingram, H.A.P. 1975. The transmission of water through 
peat: !.Review. The journal of Ecology, 63(2): 535-556. 

Scott, R.C. 1989. Physical Geography. West Publishing, New York. 

Strahler, A.N. 1952b. Dynamic basis of Geomorphology. Geologic Society of America Bulletin, 
63: 923-938. 

Tarboton, D.O., Bras, R.L., and Rodriguez-Iturbe, I. 1988. The fractal nature of river networks. 
Water Resource Research, 24(8): 1317-1322. 

Tarr, R.S., and Martin, L. 1914. College Physiography. Macmillian, New York. 

van Everdingen, R.O. 1976. Geocryoligcal terminology. Canadian Journal of Earth Sciences, 13 
(6): 862-867. 

Vardy, S.R., Warner, B.G., and Aravena, R. 1997. Holocene Climate Effects on the Development 
of a Peatland on the Tuktoyaktuk Peninsula, Northwest Territories. Quaternary Research, 
47: 90-104. 

Vorosmarty, C.J., Fekete, B.M., Meybeck, M., and Lammers, R.B. 2000. Geomorphometric 
attributes of the global system of rivers at 30-minute spatial resolution. Journal of 
Hydrology, 237: 17-39. 

White, J.M., Ager, T.A., Adam, D.P., Leopold, E.B., Liu, G., and Jette, H. 1997. An 18 million 
year record of vegetation and climate change in northwestern Canada and Alaska; 

63 



tectonic and global climatic correlates. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 130(1-4): 293-306. 

Williams, P.J., and Smith, M.W. 1989. The frozen earth: Fundamentals of geocryology. 
Cambridge University Press, New York. 

Woo, M.K., and Sauriol, J. 1981. Effects of snow jams on fluvial activities in the high Arctic. 
Physical Geography, 2: 83-98. 

64 



Appendices A - E 

65 



Appendix A: Quaternary Geology of the Yukon Coastal Plain 

66 



mb 

rOSTGW'o.GIA.. 

r.'Fl! '•"l
0
1 ... ;f;, . .., ,,, ·.-r:-.·· ·•:;:.:!.1 

:,... ,'•1r.: •. •r: .... ... 1oi ~ r. ~V.'.'i r.t·~.s .·,., :Jt:or.l.:'!:" :Jt:,~;; t:!!r.r 

roC.i'Jc.t..:.· r; .;,c· :.J ::•:.::t•t:.s,-t,r, ,at..·•r. 

'JN" FFERE!!TiiiTC O 

GP.OJO~i<: i.z t !J:)Ltr1a~ry .. • . . .• . , , •· . ......... •· 
_, .. -·--, ___ ...... ; 

Gl<Jr~· ·ar rJu!fi7!/ . 

ES.'<&I , tJi rt'!C fJOf' af f,:J·.v .':.7a•·11l.f . . 

Mme ... . 

/,fi.lrir•e De~clt. ~~st. c,.. s.uit ..... 

.J 

· · ·· ··* 

M3.xl.tlp.-u exrsn: oi gleci.5,rion oe!Jncd, ap (..(, )(i • .,.~re :• ... . . 

C:•"J':)J:' or .slf!P.Jl - WC.Jif~:\, ri8~"tO 'II t.·•iiJ.ai' , s:t""'·trn 8(-:>dcrl 

~- <1. 7 

E!li t"(; I I 0 r .s tcO·j) · ,.161/ecj n iH r .lY ll<JJ,'::y me;h"i;./(1~( ~f'O:JC'i} . . . 

. ... . ~-~r-o:-:~_, .. , ... 
.,...r.~-~~-~ .. ~ 

D•!r3C:iott rl1 gla ci;J.' r, elH\'~({1( {J()W '·" bro:~o· C.tJi!/7( 1 (_~.1 

SrrtJ;J,'•l-Cvl f.t~src.'17tmt .... .. .. . 

Co1.1s1t11 C•Jf1 cr c.-;Ci!.lpmatJI .. 

r:io::r !.r o!U t:!'l~ ·· ""'e !Ni ''"-" lio•.vs.'i;.Jf! -

67 

A:'.fl te'lJ~tf>r! .C: Dr additions.• :;co!f;g cal n t:u •r.e:;on K" DWfi ro ! .' ~e user 
J.\'Gl h' :J be ,,(:lc:-111lSC' :>r .'h9 Ge._:,:()gic.a! S<, ,..l!!~' o~ C.;:>n ;_J(Je 

Bast: '1'111.0 sss!lmbWJ iJy :li9 G<."OII)g oca! Stlf•;ey ':Jf C <1M(Ja f! om 'llf.ps 
pi/tri~rr;l ;r.•:1·,e, 1"£: ~aroe i:.c.;H Itt ~96;(- 1963. 1964, 1~74 

Mc;u1 magncr:c <I!?C0/11<JIIO" 1979, J7•TJ "f: .ss!.d EI •;reasmg 1.n · liNi!Ja/f·(. 

R{l..~l>'!t;g~ v~uy Jrom 35: 46' b' t/'; N'JV co.-ner ro 
S8-·,·J· ,-, tlr::-SC co.-..·,·!YG'I rht;-r.r.--s-p =:r"o""S 

--·-- -- 7 



Appendix B: Digital Elevation Model MetaData 

DEM Reference Latitude/Longitude Range Horizontal Vertical 
Mapsheet(s) (degrees) Resolution Resolution 

Code 
(m) (m) 

yukonmerge_DEM 117 A, 117 North edge: 70.000416666667 
C, 117 D South edge: 67.999583333333 

West edge: -142.000833333333 

East edge: -135.999166666667 90 2.3 

selected_area_ DEM N/A North edge: 69.089583333333 

South edge: 68.716250000000 

West edge: -137.754166666666 

East edge: -139.974166666666 90 2.3 

DEM Reference Latitude/Longitude Range Horizontal Vertical 
Mapsheet(s) (degrees) Resolution Resolution 

Code (m) (m) 

peaceri vermerge _DE 084 E, 084 F, North edge: 59.000416666667 
M 084K, 084L South edge: 56.999583333333 

West edge: -120.000416666667 

East edge: -115.999583333333 90 2.3 

selected_area_DEM N/A North edge: 58.0445 83 3 3 3 3 3 3 

South edge: 57.614583333333 

West edge: -117.755416666667 

East edge: -117.055416666667 90 2.3 
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DEM Reference Latitude/ Longitude Range Horizontal Vertical 
Mapsheet(s) (degrees) Resolution Resolution 

Code (m) (m) 

okanoganmerge_DE 082 E, 082 L North edge: 51.000416666667 
M South edge: 48.999583333333 

West edge: -120.000416666667 

East edge: -117.999583333333 90 1~3 
selected_area_DEM NIA North edge: 50.249583333333 

South edge: 49.817083333333 

West edge: -119.432916666667 

East edge: -119.010416666667 90 ':) 3 

DEM Reference Latitude/Longitude Range Horizontal Vertical 
Mapsheet(s) (degrees) Resolution Resolution 

Code (m) (m) 

novascotiamerge_DE 011 D, 011E North edge: 46.000416666667 
M South edge: 43.999583333333 

West edge: -64.000416666667 

East edge: -61.999583333333 90 cl '3 
se lected_area_DEM N/A North edge: 45.244583333333 

South edge: 44.912083333333 

West edge: -62.277916666667 

East edge: -62.012916666667 90 '3 
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Appendix C: Aerial Photographs and Attributes 

Photo Item ID Roll Photo Photo Date Center Scale 
Number Number Lat!Long 

Yukon 68.906085/ 
Coastal 

A13751 -137.286364 
Plain 2444011 33 07/27/53 20000 

Yukon 68.608168/ 
Coastal A24124 -137.405059 

Plain 2444000 99 07/15/75 60000 

Yukon 68.922613/ 
Coastal A26780 -137.291837 

Plain 2441231 11 08/08/85 30000 

Yukon 68.944002/ 
Coastal A26780 -137.427281 
Plain 2441233 13 08/08/85 30000 

Yukon 68.965863/ 
Coastal A26780 -137.562976 
Plain 2441235 15 08/08/85 30000 
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Aerial Photographs 

(C) SA MAJESTE LA REINE OU CHEF OU CANADA. MINISTERE DE l'ENERGIE. DES MINES H DES RESSOURCES. 

© HER MAJESTY THE OUEEN IN RIGHT OF CANADA. DEPARTMENT OF ENERGY. MINES AND RESOURCES. 
---------~~~m-m·-•·•~·.··~·····~•·••••• • ••••••••••••••••••••••••••••••••••••"••••••••••"'""'"•'"""•-'""""'""'-"'"_"_"~-m~-

Aerial photograph Al3751-33 
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Aerial photograph A24124-99 
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SA. MAJESTE tA REINE DU CHEF DIU CANADA* MINISTEAE DE t*ENERGIE~ 

Aerial Photograph A26780-J 1 
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(t) SA MAJESTE LA REINE DU CHEF OU CANADA. MINlSTEAE OE l'ENERGIE, DES MINES ET OES RESSOURCES. 

(tl HER MAJESTY THE QUEEN IN RIGHT OF CANADA. 'DEPARTMENT OF ENERGY. MINES AND RESOURCES. 
-«-·••'-••UU•"••·"·•••'"-"•••••· ·•••••·••"•·••••••·•••••"'""·"•~---~-<•·.~<·••••·• •••••··· •. .-. . .-..-..•.w • .w . ._ • .._ .... ·.•.wu.w.·•··•W•"•·-•W•W•"'•W.W•-..---··---------·~·-----.----·---.w• ••••••••••••••••••••••••••••••w----~ 

Aerial photograph A26780-13 
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SA MAJESlE LA REINE OU CHEF DU CANADA. MINISTERE DE l'ENERGIE. DES MINES H DES RESSOURCES. 

Aerial photograph A26780-15 
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Appendix D: Horton Plots for all Study Areas 

Running River, Yukon Territories 
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East River, Nova Scotia 
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Nicklen Creek, British Columbia 
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Appendix E: Calculations 

Water Track and Open Water Channel Critical basin Area Calculations 

1.0 WaterTracks 

Water track at x:-137.29000 
y: 68.905833 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

2 6.22742E-003 6.22765E-003 2.34228E-007 1.17114E-007 6.22754E-003 
1 1.86825E-002 1.86825E-002 0.00000E+000 0.00000E+000 1.86825E-002 

Water track at x:-137.31667 
y: 68.808333 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

6 6.25407E-003 6.25594E-003 1.87010E-006 6.03571E-007 6.25524E-003 
1 1.12585E-001 1.12585E-001 0.00000E+000 0.00000E+000 1.12585E-001 

water tracks at x:-137.33500 
y: 68.798333 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 0.000000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 1 1.87685E-002 1.87685E-002 0.00000E+000 0.00000E+000 1.87685E-002 

water track at x:-137.37500 
y: 68.772500 
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DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 2.00000 

BASIN AREA (km)"2 

Order I Number I Minimum Maximum Range StdDev. Average 

1 
2 

2 7.51648E-002 1.19007E-001 4.38425E-002 2.19213E-002 9.70861E-002 
1 2.12959E-001 2.12959E-001 0.00000E+000 0.00000E+000 2.12959E-001 

water track at x:-137.39000 
y: 68.767500 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

2 6.25992E-003 6.26015E-003 2.33762E-007 1.16881E-007 6.26003E-003 
1 1.87800E-002 1.87800E-002 0.00000E+000 0.00000E+000 1.87800E-002 

water track at x:-137.39833 
y: 68.762500 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

7 6.26669E-003 1.87987E-002 1.25320E-002 4.38504E-003 1.43225E-002 
1 1.37855E-001 1.37855E-001 0.00000E+000 0.00000E+000 1.37855E-001 

water track at x:-137.43000 
y: 68.755000 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

7 6.26669E-003 1.88022E-002 1.25355E-002 4.38612E-003 1.43248E-002 
1 2.00551E-001 2.00551E-001 0.00000E+000 0.00000E+000 2.00551E-001 

water track at x:-137.53333 
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y: 68.729167 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 2.00000 

BASIN AREA (km)"2 

Order I Number I Minimum Maximum Range StdDev. Average 

1 
2 

2 5.02022E-002 1.00409E-001 5.02069E-002 2.51034E-002 7.53057E-002 
1 1.94534E-001 1.94534E-001 0.00000E+000 0.00000E+000 1.94534E-001 

water track at x:-137.56167 
y: 68.729167 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 2.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

2 5.64815E-002 6.90320E-002 1.25504E-002 6.27522E-003 6.27567E-002 
1 1.44338E-001 1.44338E-001 0.00000E+000 0.00000E+000 1.44338E-001 

water track at x:-137.73000 
y: 68.729167 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 0.000000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 1 1.88281E-002 1.88281E-002 0.00000E+000 0.00000E+000 1.88281E-002 

water track at x:-137.72333 
y: 68.735000 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 0.000000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 1 5.01915E-002 5.01915E-002 0.00000E+000 0.00000E+000 5.01915E-002 

82 



water track at x:-137.78888 
y: 68.777588 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.88888 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)""2 

StdDev. Average 

1 
2 

4 1.25231E-882 7.51468E-882 6.26237E-882 2.48836E-882 3.28758E-882 
1 1.58288E-881 1.58288E-881 8.88888E+888 8.88888E+888 1.58288E-881 

water track at x:-137.72588 
y: 68.821667 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 2.88888 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)""2 

StdDev. Average 

1 
2 

2 3.12442E-882 5.62359E-882 2.49918E-882 1.24959E-882 4.37481E-882 
1 1.24973E-881 1.24973E-881 8.88888E+888 8.88888E+888 1.24973E-881 

water track at x:-137.64588 
y: 68.828333 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 8.888888 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"'2 

StdDev. Average 

1 1 1.87448E-882 1.87448E-882 8.88888E+888 8.88888E+888 1.87448E-882 

water track at x:-137.55333 
y: 68.858333 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 2.88888 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"'2 

StdDev. Average 

1 
2 

3 5.61462E-882 1.68461E-881 1.12315E-881 5.29453E-882 9.35854E-882 
1 2.93233E-881 2.93233E-881 8.88888E+888 8.88888E+888 2.93233E-881 
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water track at x:-137.56500 
y: 68.865000 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 0.000000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)""2 

StdDev. Average 

1 1 6.23654E-003 6.23654E-003 0.00000E+000 0.00000E+000 6.23654E-003 

water track at x:-137.38833 
y: 68.899167 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)""2 

StdDev. Average 

1 
2 

2 6.22742E-003 1.86830E-002 1.24555E-002 6.22777E-003 1.24552E-002 
1 3.11376E-002 3.11376E-002 0.00000E+000 0.00000E+000 3.11376E-002 

water track at x:-137.49500 
y: 68.912500 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)""2 

StdDev. Average 

1 
2 

6 1.24455E-002 1.86696E-002 6.22415E-003 2.93381E-003 1.45206E-002 
1 2.05367E-001 2.05367E-001 0.00000E+000 0.00000E+000 2.05367E-001 

water track at x:-137.52500 
y: 68.964167 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 1.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)""2 

StdDev. Average 

1 3 6.20824E-003 1.24160E-002 6.20777E-003 2.92631E-003 8.27757E-003 
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2 1 4.34577E-002 4.34577E-002 0.00000E+000 0.00000E+000 4.34577E-002 

water track at x:-137.37167 
y: 68.930000 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 2.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 
2 

2 3.10913E-002 4.35285E-002 1.24373E-002 6.21865E-003 3.73099E-002 
1 8.70571E-002 8.70571E-002 0.00000E+000 0.00000E+000 8.70571E-002 

Critical Basin Area Mean of 20 chosen water tracks: 0.1044 km_2 

Critical Basin Area Standard Deviation of 20 chosen water tracks: 0.0855 km2 

2.0 Open Water Channels 

Running River, NT 

open water channel at x:-137.55833 
y: 68.773333 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 0.000000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 1 6.26272E-003 6.26272E-003 0.00000E+000 0.00000E+000 6.26272E-003 

open water channel at x:-137.51333 
y: 68.945833 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 3.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 1 1.50047E+001 1.50047E+001 0.00000E+000 0.00000E+000 1.50047E+001 
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open water channel at x:-137.66600 
y: 68.804167 

DATA SUMMARY FOR patched River BASIN 

Prune type = Order, Threshold = 3.00000 

BASIN AREA 

Order I Number I Minimum Maximum Range 

(km)"2 

StdDev. Average 

1 1 1.80732E+001 1.80732E+001 0.00000E+000 0.00000E+000 1.80732E+001 

Mean Critical Area of Running River: 11.0281 k.nt 
Standard Deviation of Running River: 9.6677 km2 
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Vertical Resolution Calculations: 

GPS Elevation (m) OEM Elevation (m) 

(Gardner 2005) 

Elevation 1 Elevation 2 ~ Elevation 1 Elevation 

Elevation 

38.5427 35.2257 3.317 18.0 

36.2502 34.2548 1.995 16.0 

36.6381 34.9870 1.651 15.0 

35.2257 35.0411 0.185 16.0 

39.0463 36.5350 2.511 18.0 

36.2302 34.9870 1.243 16.0 

35.2257 31.3306 3.895 16.0 

38.5427 34.9870 3.556 18.0 

36.5350 35.2257 1.309 12 

39.0463 35.0411 4.005 18 

Mean Vertical resolution for Study Site: 2.27 47 m 
StandardDeviation: 0.9378 m 
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