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Abstract 

The Arctic appears to be affected by climate change more so than any other region on 

Earth.  Some of the most significant climate change impacts reported for the Arctic are 

associated with dramatic shifts in the hydrologic regime of terrestrial ecosystems.  

Understanding the hydrologic processes that are associated with different components of arctic 

terrestrial ecosystems is important because water in the form of snow or rain influences a range 

of properties and processes such as land-atmosphere energy and trace gas fluxes, nutrient 

cycling, ecosystem dynamics, biodiversity, periglacial processes and surface albedo.  

Furthermore, plants, animals, and native people of the Arctic depend on these ecosystems and a 

substantial hydrologic shift could significantly impact provision of ecosystem goods and services 

and, therefore, natural system and human well being.   

A climatic warming and drying trend has been observed in Northern Alaska, near the 

Iñupiat Village of Barrow as well as elsewhere in the Arctic.  Importantly, there remains a great 

deal of uncertainty as to how coastal tundra ecosystems will respond to such a trend.  To assist in 

addressing this uncertainty, a large-scale, multi-investigator flooding and draining experiment 

was initiated in summer 2005, and plot to landscape responses of multiple parameters (i.e. soil 

moisture, plant phenology, and trace gas flux) were measured. The experimental area was 

situated on the Barrow Environmental Observatory in a vegetated drained thaw-lake basin 

(DTLB) that was divided into three treatment areas: an experimentally flooded section, an 

experimentally drained section, and a control section that was not flooded or drained. For this 

thesis, baseline hydrology data were gathered between 2005 and 2007, prior to the initiation of 

the flooding and draining experiment.  Measurements were continued in 2008 but under 

experimental conditions (+/- 10 cm flooding/draining respectively).   The overarching goal of 
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this thesis is to characterize baseline hydrologic conditions in the experimental DTLB as a 

contribution to the Biocomplexity Initiative sponsored by the US National Science Foundation. 

Climate data from the NOAA Earth Systems Research Lab, (Global Monitoring 

Division’s online U.S. Climate Reference Network) were attained to plot summer climatic 

conditions at the study site for June-August of years 2005 through 2008.  Average precipitation 

for all years was a few millimeters lower than the average 29 year precipitation reported by the 

NOAA and average temperature was virtually the same as the 29 year average.  Data from an air-

borne LIght Detection And Ranging (LiDAR) survey were processed with ArcGIS 9.2 

Geographic Information System (GIS) software to develop a Digital Elevation Model (DEM) of 

the experimental area.  ArcHydro, an extension to ArcGIS, was used to locate research 

infrastructure such as the dikes and model the catchment and drainage network of the study area. 

Snow depth measurements were taken along a 100m grid in the experimental DTLB.  Snow 

depths were then converted to snow water equivalent measurements (SWE).  Averaged over all 

years, snow depth and SWE fell within the range of other snow depth and SWE measurements in 

the Barrow region.  Seasonal water table depth and thaw depth were collected in each 

experimental treatment and analyzed, using the statistical software JMP 8, to identify inter-

annual and treatment differences.  Following initiation of the manipulation, significant 

differences between the treatments were observed for thaw depth and water table depth.  Water 

table depth was highest (close to the ground surface) in the flooded treatment and lowest 

(deepest underground) in the control treatment for summer 2007.  In 2008, water table was 

highest in the flooded treatment, but lowest in the drained treatment.   Maximum thaw depth 

occurred in the flooded treatment for summers 2007 and 2008.  Minimum thaw depth was 

recorded in the control treatment in 2007 and the drained treatment in 2008.  Confidence curves 
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fit to normalized seasonal time series of pond water levels indicate that ponds, in general, 

behaved in a uniform manner.  A pre and post test of water levels in their respective treatment 

sections reveals that differences in water levels between each treatment for summers 2005-2008 

were not significant. HOBO water level loggers were used to record pond temperature and the 

average temperature from all ponds was within range of pond temperatures recorded in the 

1960’s and 1970’s.  Meyer’s evaporation equation was used to calculate evaporation.  Results 

were a few millimeters higher than other evaporation rates for the region.  This suggests 

evaporation may be the primary control on surface hydrology in ponds within the experimental 

area.  

 Continued long-term monitoring of hydrologic variables such as the ones observed in 

this thesis is important because natural and anthropogenic disturbances to hydrology can alter 

drainage patterns, geomorphic processes, vegetation structure and function, and land-

atmoshphere feedbacks. This thesis documented substantial inter-annual variability and long 

term observations are likely to be needed to determine long term trends.   
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Chapter 1: Introduction 

More so than most other places on Earth, the Arctic is experiencing the impacts of 

climate change and feedbacks from this change have the potential to dramatically alter the Earth 

System (ACIA 2005, IPCC 2007). The effects of increasing surface air and ocean temperatures 

coupled with shifting climate patterns in the Arctic are causing sea ice extent and thickness to 

diminish (Richter-Menge et al. 2006, Richter-Menge et al. 2008), leaving the Arctic coastline 

vulnerable to more intense storm systems and increased coastal erosion (Aguirre et al. 2008).  

Arctic terrestrial ecosystems are also changing (Hinzman et al. 2005) - snowpack extent and 

duration is decreasing, river discharge is increasing (Richter-Menge et al. 2008),  shrubs are 

expanding (Sturm M. 2001), and consequently, albedo is decreasing (Chapin et al. 2005).  

Circum-arctic thaw lakes and ponds are drying (Yoshikawa & Hinzman 2003, Smith et al. 2005, 

Smol & Douglas 2007) and permafrost is warming (Romanovsky et al. 2002).  Furthermore, the 

exchange of important greenhouse gases such as carbon dioxide (CO2) and methane (CH4) in 

arctic tundra ecosystems may be changing Arctic climate (Serreze & Francis 2006, Christensen 

et al. 2008).  Although long term changes have been recorded, there is a fundamental need to 

improve our understanding of connections and implications of cascading changes in physical, 

biological and human systems in the arctic and this will only be solved in process studies 

coupled to long term observations (SEARCH 2005). 

A large amount of soil organic carbon is stored in the permafrost of the Alaskan Arctic 

Coastal Plain.  The region also hosts an indigenous community, oil development, and is an 

important habitat for migratory birds, and other land animals, all of which are highly vulnerable 

to climate induced feedbacks that alter surface hydrology (Hinzman et al. 2005).  The next 
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section of this thesis highlights the importance of hydrology to arctic terrestrial ecosystems near 

Barrow, Alaska and summarizes different arctic ecosystem components relevant to the 

overarching goal of this thesis, which is to better understand the hydrologic characteristics of a 

drained thaw lake basin that is the focus of a large-scale flooding and draining experiment. 

1.1 Seasonal Hydrology and Energy Balance Dynamics of the Alaskan Arctic Coastal 

Plain  

Land-atmosphere interactions in arctic coastal tundra ecosystems are strongly influenced 

by hydrology-related phenomena like precipitation (in the form of snow or rain), snowmelt 

runoff, evaporation, permafrost, and soil moisture (Lewellen 1972, Kane et al. 1992). The 

hydrologic cycle of the Arctic is very different to that of temperate regions in that snow can fall 

at any given time of the year due to persistent low air temperatures and the tundra is frozen for 

approximately nine months out of the year (Hobbie 1980).  There is no sunlight from mid 

November to mid January; thereafter, the sun begins to gradually rise above the horizon and 

warms the land surface (Lewellen 1972).  Albedo can be up to 85% during this time, thus little 

snowmelt occurs.  Once albedo is lowered to 40% in late May, snowmelt increases and snow 

becomes saturated with water, initiating the spring runoff (Hobbie 1980).   

On the north slope of Alaska, the spring runoff typically occurs around the first or second 

week of June and commonly persists for 5-10 days shortly before or during the summer solstice 

when the sun is highest on the horizon (Lewellen 1972, Kane et al. 1992).  The spring runoff 

occurs laterally due to a low topographic gradient and ice-rich continuous permafrost which 

creates impermeable soils, leaving behind water-logged tundra above the permafrost (Engstrom 

et al. 2005, Woo et al. 2006).  Once the ground is snow free, thawing begins and persists 

throughout the summer (Olsson et al. 2003).  From June to August, the tundra begins to dry and 
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rates of evaporation increase to become a major component of water loss from tundra landscapes 

(Lewellen 1972, Bowling et al. 2003, Kane et al. 2008). Summer rain events and discharge can 

help recharge tundra soils (Lewellen 1972, Hinkel et al. 2001, Woo & Young 2006).  Tundra 

landscapes of the arctic coastal plain, including ponds and wetlands, are important for sustaining 

biodiversity and are likely to be adversely affected by climate change (Jordan et al. 2007).  

Understanding hydrology-ecosystem interactions are important, for not only understanding the 

hydrological dynamics of the arctic coastal plain but also for predicting the likely impact of 

environmental change on biota (Hobbie 1975, Kane et al. 1992, Chapin 1993). 

1.2 Repercussions of Climate Change on Arctic Terrestrial Ecosystems 

Recent atmospheric warming and drying trends documented for Barrow, Alaska (Curtis 

et al. 1998, Stone et al. 2002, Hinzman et al. 2005) may be associated with regional hydrologic 

changes - for example, evapotranspiration (ET) compensating for reduced soil water content 

(Engstrom et al. 2005), and thaw depth altering water storage capacities and plant communities 

(Hinkel et al. 2001).  The following sections describe geo- and biophysical processes that are 

linked to important climate change feedbacks affected by surface hydrology. 

1.2.1 Permafrost and Periglacial Landforms 

Permafrost is defined as any ground substrate that remains below 0º C for more than 2 

years (US Arctic Research Commission Permafrost Task Force 2003, Schuur et al. 2008) .  

Permafrost exerts substantial control over surface energy budgets and the hydrology of coastal 

tundra and is largely responsible for the ubiquitous nature of wetlands, thaw lakes, and ponds as 

water is unable to penetrate the permafrost and remains perched above or near the surface of the 

ground (Engstrom et al. 2005).  A relatively shallow layer called the active layer, above the 
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permafrost table, seasonally freezes and thaws and harbors most biophysical processes and 

activities (Kane et al. 1992, Ritter et al. 2002).  The thickness of the active layer, known as thaw 

depth has been measured continuously in Barrow, Alaska since 1994 (Hinkel et al. 2001).  A 

large amount of soil organic carbon, about 50kg/m3 is locked up in Arctic permafrost (Ping et al. 

2008) and is equivalent to about 25% of the global soil organic carbon (Tarnocai & Broll 2008).  

Scientists speculate that if permafrost were to thaw significantly in the near future, microbial 

activity in the soils would heighten, thus increasing green house gas emissions to the atmosphere 

(US Arctic Research Commission Permafrost Task Force 2003).  However, there is a possibility 

that the carbon locked up in the upper layers of these soils may continue to be sequestered with 

warming of the region because carbon could be transported further down into soils through 

cryoturbation, where the presence of permafrost would hinder microbial activity (Bockheim et 

al. 1999, Tarnocai & Broll 2008).  The presence of ground ice in permafrost, coupled with 

freeze-thaw dynamics also plays a key role in non-glaciated or periglacial environments because 

they are associated with the interplay between periglacial landforms (Washburn 1980) and 

different land cover types in the region (Schuur 2008). 

Ice wedges, low and high-centered polygons, ground ice, and frost boils are some of the 

periglacial landforms commonly found on the coastal plain of northern Alaska and are a product 

of frost action leading to cracking, subsidence, or uplifting of ground material (Fitzpatrick 1997, 

US Arctic Research Commission Permafrost Task Force 2003, Engstrom et al. 2005).  

Thermokarst terrain can also be found in periglacial environments and includes patterned ground 

like sorted and unsorted circles and drained-thaw lake basins (DTLB) (Washburn 1980).  In the 

arctic, thermokarst degradation can result from the lateral erosion of ice-rich ground surfaces 

(i.e., coastal erosion) or vertical erosion where ground temperature and hydrologic pathways 
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have been altered (Ritter et al. 2002). These usually produce small ponds or lakes as water 

accumulates in small depressions, like low-centered polygons.  These particular ponds can 

repeatedly breach and drain and/or coalesce with other ponds, producing a larger pond or a lake, 

hence the concept of the thaw lake cycle (Hobbie 1980).   Smith et al. (2005) used remote 

sensing to note shifts in water storage capacities of small ponds and large lakes in Siberian 

tundra, concluding that small ponds are disappearing due to increased thermokarst activity. 

Significant geomorphic changes have also been observed in the Alaskan subarctic region, near 

Fairbanks (Jorgenson et al. 2001) and Council (Yoshikawa & Hinzman 2003), where 

suprapermafrost (above-permafrost) degradation is causing forest environments to fail and turn 

into wetlands. Such geomorphic change can negatively impact Arctic communities because of 

the potential damage to infrastructure that sits on top of warmer, more unstable permafrost 

(Nelson et al. 2002, US Arctic Research Commission Permafrost Task Force 2003).   Smol and 

Douglas (2007), who witnessed the disappearance of Arctic ponds on Ellesmere Island’s near 

Hershel, believe that high evaporation/precipitation (E/P) ratios have forced some water bodies 

to reach their ecological threshold, and hence their ubiquity in the Arctic may decline if warming 

continues in northern Arctic regions.  This has yet to be documented for the Alaskan north slope 

and coastal plain.  

1.2.2 Ecosystem Structure and Function 

The low gradient microtopography of the north Alaskan coastal plain tundra coupled with 

snowmelt runoff produce lateral surface hydrologic pathways (Sturm et al. 2001, Woo & Guan 

2006) that redistribute nutrients (Engstrom et al. 2005).  Hobbie (1980) asserts that rainfall is 

more important than spring runoff in nutrient cycling because of soil and plant leaching. 

Precipitation as snow has decreased during the winter in the western Arctic (Curtis et al. 1998, 
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Stafford et al. 2000).  It is difficult to assess whether summer rain will offset the lack of 

snowpack that has been observed and help supplement enough water and nutrients to the tundra 

or if the warming Arctic will result in a landscape change of wet-moist tundra to dry tundra, as 

noted in Hinzman et al., (2005).    

In Alaska, the coastal tundra north of the Brooks Range is made up of dry and moist to 

wet tundra (Walker et al. 2005).  Dwarf shrubs, sedges, and grasses grow to approximately 10-15 

cm above the ground surface as a direct response to constant wind, low temperatures, and a 

shallow active layer (Hobbie 1975).  Ecosystems with high soil moisture have low 

decomposition rates because anaerobic conditions reduces microbial activity, thereby improving 

capacities for carbon storage (Oechel et al. 1995), although these same conditions promote 

methanogenesis and methane as a powerful greenhouse gas (Zona & Oechel 2008).    

1.2.3 Land-Atmosphere Interactions  

Defining the hydrologic characteristics of the Alaskan arctic coastal plain is important 

because surface water and water in the active layer are linked to greenhouse gas fluxes, radiative 

forcing, soil moisture, nutrient cycling, and albedo (Judd & Kling 2002, Engstrom et al. 2005).  

Figure 1 shows a hydrologic gradient that commonly spans dry to aquatic tundra.  Uptake of CO2 

by tundra can increase with increased soil moisture, especially in aquatic vegetation (Macrae et 

al. 2004, Oberbauer et al. 2007).  Conversely, CH4 uptake decreases in aquatic vegetation as soil 

moisture increases (Christensen et al. 2008, Zona et al. 2009).  Of utmost concern are the total 

combined emissions of CO2 and CH4 that increase with increased soil moisture, thus creating a 

positive radiative forcing (IPCC 2007, Christensen et al. 2008).  The radiative forcing potential 

increases rapidly because the capacity of CH4 to warm the atmosphere is approximately 25 times 

greater than CO2 over a 100 year time frame (Joabsson et al. 1999).  Albedo decreases from dry 
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to wet tundra because the reflectivity of tundra vegetation is greater than the reflectivity of solar 

energy from standing water (Chapin 1993).  Since climate models predict that precipitation will 

increase in some polar regions (ACIA 2005), there is concern over the radiative forcing potential 

and albedo coupled with water inputs to positively feedback to climate and exacerbate the 

warming conditions already present in arctic coastal regions (Callaghan et al. 2004c).  Overall, 

the Arctic is a highly connected system where change in one component can affect change in 

another (Hobbie et al. 2000, McGuire et al. 2009), especially in relation to the close linkage 

between water and carbon cycles, and there is a challenge to consider all of these components in 

a systems context to predict future arctic scenarios that will affect the global climate system.   
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 Figure 1.  Land-atmosphere interactions in Arctic coastal tundra, shown at peak 

season (Lin, personal communication).  As the soil water content increases from left to 

right, CO2 uptake increases, whereas CH4 uptake decreases.  The total combined 

emissions of these two greenhouse gases increases with soil moisture (net radiative 

forcing).  Soil moisture increases, but stabilizes as water content increases.  Albedo 

decreases as the reflectivity of ground vegetation is replaced with standing water.   
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1.3 Purpose of This Study 

The purpose of this study is to better understand the hydrologic characteristics of a 60 

hectare DTLB prior to and during the execution of a large-scale flooding and draining 

experiment that was funded under the Biocomplexity Initiative lead by the US National Science 

Foundation.  The manipulation entails partitioning the DTLB into three sections: a northern 

section that was experimentally flooded, central section that was experimentally drained, and a 

southern section that was not manipulated to serve as a control.  The flooded treatment will 

simulate a future wet tundra environment, since some climate models predict higher precipitation 

in arctic region  The dry treatment will simulate  a future dry Arctic tundra, which is what Arctic 

researchers have observed and expect as a continuing trend near Barrow, Alaska.  Due to its size 

and logistic constraints associated with maintaining the experiment, it was not replicated, thus 

holding the control section relative to outside pond water levels is important for comparing 

between naturally-occurring wet and dry years.  The flooding and draining was intended to be 

±10cm of water, relative to the control section to account for inter-annual variability.  The main 

focus of this thesis is to report on the multiple hydrologic characteristics existing at the study site 

as baseline data for future, more detailed eco-hydrologic studies.   

Precipitation, temperature, snow depth, water table depth, thaw depth, pond water levels, 

and evaporation were compared to other studies within the Arctic coastal plain region to note any 

important changes or patterns.  Another important task was to characterize the DTLB watershed 

and its drainage patterns.    Pre and post analysis of the treatment effect on thaw depth, water 

table depth, and pond water levels was conducted to note any significant changes.   



 10 

Chapter 2: Study Site Description 

The coastal plain near Barrow, Alaska has been studied extensively since the 1940’s, as 

per the bibliography compiled by Dr. Jerry Brown in the Arctic Research Consortium of the 

United States website – www.arcus.org (ARCUS 1999).  The Barrow Environmental 

Observatory (BEO) – Figure 2, is a 7,466 acre preserve of Arctic coastal tundra, located adjacent 

to Elson Lagoon on the Beaufort Sea coast near the city of Barrow (71º19’53’’, 156º34’4”).  The 

land was set aside in the early 1990’s by the Ukpeaġvik Iñupiat Corporation to facilitate long-

term, year-round arctic research and collaboration between the scientific and local community 

(UIC 2003).  The Barrow Arctic Science Consortium (BASC) manages the BEO through a 

working group that produces annual reports of current research activities – research bases, found 

under the BASC website, www.arcticscience.org.    

 

 Figure 2. Map showing northernmost region of the United States. The bold, 

black outline indicates the Barrow Environmental Observatory (BEO).  The 

star is the experimental area.  To the left of the BEO is the town of Barrow, 

Alaska, and above the BEO is the research hub (UIC-NARL).  Map courtesy of 

Systems Ecology Lab, University of Texas at El Paso (SEL, UTEP). 

http://www.arcticscience.org/
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2.1 Biocomplexity Experimental Infrastructure 

The information described in section 2.1 is derived from the 2005-2007 Annual BEO 

reports, written by lead project investigators and compiled by the BEO subcommittee. Intense 

planning and permitting was required to accelerate placement of the biocomplexity infrastructure 

inside the BEO, with a “no harm to wildlife” guarantee and minimal damage to the tundra. 

 Figure 3 shows a map of the infrastructure developed for the BE.  Initially, a matted trail 

was created to lessen damage from foot traffic on the tundra. These were replaced by elevated 

boardwalks in sections close to the drained lake basin in 2006.    The Tommy Docks used for the 

construction of the elevated boardwalks allowed for boardwalks to be lowered or raised as 

needed, but required regular adjustments to accommodate differential settling of land as it 

thawed during the summer seasons.  Three 200m long boardwalks inside the drained thaw lake 

basin (manipulation site) were constructed in 2005, but were extended to 300m in length in 2006.  

Each boardwalk is located in a treatment section of the hydrologic manipulation experiment.  

Boardwalks also provided easy access to sampling sites without causing excessive disturbance to 

the tundra.   
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Figure 3. Infrastructure of the Biocomplexity study site and other experiments.  Ponds 

colored blue were monitored prior and during the experimental manipulation. Additional 

information about the research activities that took place on the sites can be found at the 

Barrow Area Information Database – Internet Map Server (www.baidims.org).  

 

A small shed housing two generators, a fuel depot, and 4000 feet of armored cable line 

initially powered the experiment and was placed half way between the road parking area and the 

manipulation site.  This line was upgraded to a powerline from the city grid in 2007.  For 

computer controlled activities near the experimental site, a small insulated and heated building 

called the “control shed” was installed.  The control shed is wired to a 30-foot Rohn type tower 

adjacent to the building.  The tower is host to multiple instrumentation including two common 

network domains, WAN and LAN that connect three eddy covariance towers on the 

manipulation site.  The eddy covariance towers measure landscape-level carbon dioxide, water, 

http://www.baidims.org/
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energy, and methane flux over the land-atmosphere boundary.  A methane shed, smaller than the 

control shed, houses additional equipment that monitors methane flux.  Tubing connected to 

instrumentation inside the shed extends out to wooden tripods out onto the manipulation site.  

Tramline infrastructure that carries a robotic cart to perform ground-based hyperspectral 

remote sensing studies was placed adjacent to and south of the three boardwalks inside the 

manipulation area. The tramlines were extended 300 meters in 2006. Hydrologic engineers from 

Golder Associates designed a pumping system and three dikes to be placed inside the 

manipulation site.  The dikes sectioned off each treatment area for the hydrologic manipulation.  

A v-notch weir was installed in 2007 as part of the dike in the control section to measure runoff.  

In 2004, a 100m grid was placed over the drained thaw lake basin used for snow surveys.  A 

building called the “BEO Visitor Center” (not shown in Figure 3) was placed near the parking 

area off of Cake Eater Road in 2005.  The building marks the beginning of the trail to the 

experimental site and can be utilized for science, education, and outreach activities.  

2.2  Climate 

The 29-year monthly mean climate data from NOAA (2006) is shown in Figure 4.  

Beginning in September and ending in May, the BEO has long, cold winters with a 29-year 

average winter temperature of -26°C in February and 122mm of snow (NOAA 2006).  Cool 

summer conditions take place between June and August with a 29-year mean temperature of 

3.3°C and 56.4mm of precipitation (NOAA 2006).    
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Figure 4.  The 29-year mean climate data for Barrow, Alaska (NOAA, 2006).  Barrow has very 

cold winters and cool summers.  Precipitation is high during the summer months of July and 

August.  Snowfall is greatest during October.     

       

2.3 Physical Environment 

 The BEO has low relief with an average elevation of 4-meters above sea level (Aguirre 

et al. 2008).  Seventy two percent of the coastal plain contains oriented lakes, drained thaw lake 

basins and small ponds (Hinkel et al. 2003).  Geomorphic processes taking place within the 

study site include thermokarst terrain with low and high centered polygons, continuous 

permafrost to a depth of 400m, and a shallow 30cm active layer (Brown et al. 1980).  The most 

prominent features of the study site, shown in Figure 5, are the relatively wet drained thaw-lake 

basin (dark area) surrounded by the drier and higher relief (light area) high-centered (a) and low-

centered (b) polygonal tundra.  An extensive description of the Barrow coastal plain can be 

found in a self-published book by Robert I. Lewellen (1972). 
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Figure 5.  Prominent periglacial features at the Biocomplexity study site.  The light area has higher 

relief than the dark (basin).  High centered and low centered polygons are also labeled.  Image 

courtesy of SEL, UTEP. 

 

Figure 6 is an Arctic Monitoring and Assessment Program (AMAP) illustration (Group 

1988) that shows low centered polygons (a) with concave-shaped depressions able to capture 

water.  Though not shown in the illustration, these depressions can turn into ponds, whereas high 

centered polygons (b) have a convex-shaped mound.  The ice wedges shown can continue to 

grow and expand through the freeze-thaw cycle and create troughs and polygon rims in the 

process.  Troughs can also function as water reservoirs (Hobbie 1980).  Microtopographic 

features developed through these processes can exert great control over near surface soil 

moisture (Engstrom et al. 2005).    
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Figure 6.  Illustration of low and high-centered polygons typical of those at the study site (a and 

b).  The wedge-shaped depressions are ice-wedge troughs.  Low-centered polygons (a) have 

concave-shaped depressions that may collect water.  High-centered polygons (b) have convex-

shaped mounds.   

 

The dominant soils at the study site are Typic Cryosols, soils affected by frost action and 

permafrost (Tarnocai & Broll 2008).  The upper 100cm of soil in Barrow is primarily carbon rich 

peat, estimated at 52kg/m3 (Bockheim 2007, Bockheim & Hinkel 2007).  This is important 

because the high amount of carbon that is locked up in Arctic soils comprise approximately 25% 

of the global soil organic carbon pool (Bockheim & Hinkel 2007).   

2.4 Biological Environment  

Plant ecologists, who have studied arctic vegetation in Barrow through the International 

Biological Program (1964-1974), the International Tundra Experiment (1990’s – present) and 
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other initiatives, typically describe land cover in the Barrow area relative to soil moisture status 

(Webber & Walker 1991, Hollister et al. 2006, Oberbauer et al. 2007).  Figure 7 displays a 

satellite-derived land cover classification map showing vegetation distribution and a summary of 

the dominant vegetation cover.  Ponded water at the study site makes up nearly 3% of the 

landscape.  The most prominent landcover type is moist graminoid tundra with approximately 

60% vegetation cover, and the most abundant graminoid is Carex aquatilis.  
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Figure 7.  Land cover map of the study area.  Land cover consists primarily of moist and 

wet graminoid vegetation (73%).  Image courtesy of SEL Lab.  
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Chapter 3: Methods 

The following sections describe the methods used to gather data for this thesis.  The 

analyses presented in this section were performed in Microsoft Excel 2007 and the statistical 

software JMP 8.  Section 3.1 identifies the source of the climate data.  Section 3.2 describes the 

methods used to attain LiDAR data in order to develop a digital elevation model (DEM) and 

characterize the DTLB watershed and its drainage patterns.  Sections 3.3-3.6 describe the 

methods used to measure multiple hydrologic parameters including snow depth, active layer 

thaw depth, water table depth, and pond stage.  Sections 3.4 and 3.5 highlight the statistical 

methods used to analyze water table depth and thaw depth prior to and during the hydrologic 

manipulation.  In section 3.6, multiple 5
th

 order polynomial confidence curves fits are shown to 

observe patterns in pond water levels.  Section 3.6.1 describes the Meyer evaporation equation 

(Subramanya 2008) used to calculate 2006 and 2007 summer evaporation rates.  Pond 

temperatures were correlated to other climatic variables to test their relationship.  All figures in 

sections 3.3-3.6 were created in Excel 2007, except for the confidence curve fits, created in JMP 

8.   

3.1 Climate Data 

Monthly temperature, precipitation, wind, and solar radiation data from the NOAA Earth 

Systems Research Lab, (Global Monitoring Division’s online U.S. Climate Reference Network) 

were attained to plot summer climatic conditions at the study site for June-August of years 2005 

through 2008.  The station used for data collection is NOAA’s Barrow Observatory (BRW-

ENE), in close proximity to the study site.  Temperature and precipitation were compared to the 
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29 year mean from NOAA’s National Weather Service Online Data (NOWData), using the 

summer months June, July, and August. 

3.2 LiDAR Used for Watershed Delineation 

LiDAR is the acronym for Light Detection and Ranging and is a remote sensing tool that 

uses ground or airborne sensors with a pulsating laser to intercept ground objects (Donnellan et 

al. 2008).  In airborne LiDAR, a global positioning system unit can be attached to a plane to 

produce 3D-geographical location points with elevation as shown in Figure 8 (Luo & Gavrilova 

2006).  LiDAR has been effectively used in multiple ecological studies ranging from habitat and 

vegetation mapping and classification (Lefsky et al. 2002, Streutker & Glenn 2006, Bork & Su 

2007, Lee & Lucas 2007) to bird species characterization (Clawges et al. 2008).  A more detailed 

explanation of what LiDAR data acquisition entails and the application of this remote sensing 

tool in ecological studies can be found in Vierling et al. (2008). 

In this study, the OPTECH ALTM 70 kHz LiDAR system was mounted on a twin-engine 

Cessna 310 aircraft in October 4, 2005.  LiDAR data was acquired at 600m from the ground with 

a horizontal accuracy of 30cm, a vertical accuracy of 15cm or better, and a point spacing of 

approximately 0.6m (information based on provider metadata).  The dataset was post-processed 

by the provider, using three software packages: REALM, TerraSolid’s “TMatch”, and 

“TerraScan” to classify data into “1
st
 pass” and “last pass”.  Data having points that first 

intercepted an object was classified as “1st pass”.  “Last pass” data points were reclassified as 

“bare earth,” since these points traveled farthest and intercepted objects with the lowest elevation 

– assumed to be the ground surface.  The dataset was output to a comma delimited “Point Cloud” 

ASCII text format.  
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Figure 8.  Airborne LiDAR image. Shown is a two engine plane sending laser pulses 

to the ground with an altimeter sensor and GPS to produce 3D geographical 

coordinates.  Image courtesy of the PNW Research Station, Washington State 

University (http://forsys.cfr.washington.edu/JFSP06/lidar_technology.htm) 

To begin the rasterization process, the text files were input into ESRI’s ArcGIS 9.2 

Geographic Information System (GIS) software and converted to shapefiles.  The 3D Analyst 

application was used to build tin files out of the shapefile point cloud and then convert the tin 

files into a raster layer with 1m pixels.  DEM accuracy was checked using tundra pond 

elevations from ponds 5, 6, 7, and 12.  They were cross-referenced to tundra pond elevations 

measured with DGPS at peak water levels, and the elevations matched.  This study also utilized 

the method of Streutker and Glenn (2006) to check LiDAR accuracy, and analyzed a collection 

of points from a flat surface – such as a body of water, to find the standard deviation and 

subsequent variability within the LiDAR dataset.  In this study, a rectangular area from Pond 1, 

which included 30,393 points from the bare earth dataset, was used to test for LiDAR errors 

using this method.  The DEM was compared to a Quickbird Satellite image to observe how much 

detail was captured in the DEM that might have been missed in the satellite image.  The 
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Quickbird Imagery was acquired August 2, 2002 by DigitalGlobe (Tweedie & Gaylord 2006).  

This satellite image has a 0.7m resolution and is an excellent resource for analyzing land surfaces 

in detail.  A slope DEM was also created in ArcGIS to observe prominent features on the tundra 

and verify that the ponds were not troughs.  Using the spatial analyst extension of ArcGIS, the 

slope function was selected to analyze each cell and produce a DEM expressed as the greatest 

rate of change between each neighboring cell.   

ArcHydro was chosen to model the basin’s watershed because it is designed to work 

explicitly with ArcGIS and is a data model for water resources (Maidement 2002). The 

ArcHydro “Terrain Processing” tool was used in the order that the instruction manual indicated 

(ESRI 2007).  First, the DEM’s grid was reconditioned and smoothed out for further processing.  

Thousands of sinks were filled with the “sink” command, which may have included hundreds of 

low-centered polygons in the form of ponds that Macrae et al. (2004) describe as individual 

microcatchments in northern peatlands. A “flow accumulation” and “flow direction” command 

used the elevations from nine contiguous grids, by looking at the center grid and assessing which 

of the other eight grids a drop of water will run to.  The flow direction was then used to produce 

a stream network.  A somewhat dense network was selected by inputting “4000” cells equivalent 

to 0.025km into the “Stream” layer.  After the stream network was created, the catchments of the 

area were processed.  Following the creation of the catchment DEM, batchpoints were inserted in 

different areas of the DEM so that drainage lines and basins could be delineated.       

LiDAR and raster data processing was a challenging task, due to the approximately 12 

million points in the LiDAR dataset.  As Arge et al. (2003) state, processing large datasets in 

different terrain software can cause software to slowdown or fail because the software’s 

algorithms are aimed at computer efficiency and not at maximizing computational needs.  

Furthermore, processing time for datasets is dependent on topography because a small dataset 

with flat terrain takes longer to process than a large mountainous - high relief dataset (Arge et al. 

2003).  In order to avoid software failure in ArcHydro, the amount of data being processed was 

reduced by resizing (clipping) the DEM and focusing on the immediate area surrounding the 
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DTLB.  Nonetheless, a smaller, yet high-resolution (1m) DEM was integrated into ArcHydro to 

define the DTLB drainage lines and catchments.  

3.3 Snow Depth and Snow Water Equivalence (SWE) 

In late April 2006, snow depth was measured on the 100m grid laid across the DTLB that 

contained 130 marker points (Figure 9).  Similar snow depth and coring methods to Sturm and 

Liston (2003) were used.  First, a 1m graduated metal rod was thrust vertically through the 

snowpack until it hit frozen ground and depth was recorded.  To measure snow depth, three 

different measurements were taken at each marker.  For the first 34 markers, a half-meter long 

ABS pipe with a 5.74 cm diameter was hammered into the snow until it hit frozen ground.  Snow 

inside the pipe was collected by sliding a plastic bag under the pipe to catch the snow when the 

pipe was lifted.  Snow depth was also recorded on the side of the pipe.  The bags with the snow 

were taken back to the lab and the snow was left to melt.  Once the snow melted, the volumetric 

content was measured to obtain snow density (g/cm^3).  Snow water equivalence (SWE) was 

calculated by dividing snow depth by snow density and scaling the measurement to kg/m^2.  

This number was then converted to water in mm.  Snow depth and snow (for SWE) were also 

collected for spring 2007 and 2008, however, due to logistical constraints, these measurements 

were carried out in late May. The 300m boardwalks were used as transects in 2007, where snow 

was measured at 10 meter intervals.  In 2008, the 100m grid was used to collect and measure 

snow depth and SWE data.  Snow sublimation or ablation can be difficult to account for (Sturm 

et al. 2001) and was not measured. 
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3.4 Water Table Depth 

Water table depth (WTD) was measured on the south side of each 300m boardwalk and 

immediately adjacent to the tramline footprint inside the experimental area (Figure 9).  White 

PVC pipes were drilled into the ground at every 30 meters along each of the 300m boardwalks.  

Measurements were made every few days during the summer snow-free period between  

 

Figure 9.  Map of 100m grid.  Study site showing a 100m grid represented with 

black dots, used for snow depth measurements.  The brown lines are the 

boardwalks.   The straight lines in the middle of the figure are the 300m boardwalk 

used to study the control, drained, and flooded treatment areas of the DTLB.  The 

experimental ponds are represented with their respective number. 

mid June and mid August of 2007 and 2008.  WTD was calculated by subtracting the distance 

between the top of the pipe to the water table from the distance between the top of the pipe and 

ground level.  DGPS measurements were taken of the top of the water table markers periodically 

throughout the summer to correct height to an absolute measure.  Measurements were not taken 

where there was snow cover during June, and where there was interference or disturbance from 
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other experimental structures, or if WTD tubes were dry at the upper surface of permafrost (a 

common occurrence in 2007).  Water table depth measurements for summer 2007 were averaged 

per day and treatment, totaling 14 days of measurements for each treatment: control, drained, and 

flooded.  The same was done for 2008.  In order to compare the difference between treatment 

and non-treatment years, the drained and flooded WTD values were subtracted from the control 

for 2007 (pre-treatment) and 2008 (treatment year) respectively. A Shapiro-Wilk test was 

performed on the 2007 and 2008 mean datasets to confirm that they were normally distributed.  

Finally, a two-paired sample t-test was used to observe pre and post treatment effects for 2007 

and 2008.   

3.5 Thaw Depth 

Thaw depth was measured along each of the three DTLB boardwalks (Figure 9).  The 

boardwalks were treated as linear transects and thaw was measured by thrusting a metal rod into 

the ground until a solid bottom was hit.  Thaw depth was recorded at every meter along the south 

facing side of the boardwalks every 2-3 weeks in summer of 2007 and 2008.  Measurements 

began at the western end of each boardwalk and ended at the eastern end.  All data were 

collected using the Circumpolar Active Layer Monitoring program’s (CALM) mechanical 

probing protocol (Nelson et al. 2007).  In order to compare differences between years and 

treatments, the drained and flooded thaw depth values were subtracted from the control, 

assuming that the differences for each year would be zero if a treatment effect was not observed.  

A Shapiro-Wilk test was performed on the 2007 and 2008 datasets to test for normality.  The 

data was not normally distributed, therefore a Wilcoxon matched pairs signed rank test was 

performed to observe pre and post treatment effects for 2007 and 2008, respectively.   
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3.6 Pond Water Level Measurements 

The experimental ponds at the study site consisted of one lake, three ponds in ephemeral-

streams, and 16 ponds associated with low-centered polygons (see Figure 9).  The area (derived 

by digitizing the pond surface from 2002 QuickBird Satellite imagery), elevation, location, type, 

and experimental area of each pond is shown in Table 1.  Elevation, in Table 1, was derived from 

pond water level measurements taken in early spring because that is when water levels are 

highest.  Ponds were chosen according to their proximity to the Biocomplexity experimental 

area.  Ponds outside of the DTLB were used as controls for the control ponds inside the 

manipulation area.  Ponds inside the manipulation area were situated among the three treatment 

areas (flooded, drained, control), and were used to the effect of experimental manipulation of soil 

water.  
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Table 1. List of ponds at the Biocomplexity study site. 

Pond 
No. 

Area 
(m2) 

Elevation 
(m) Latitude Longitude 

Pond Type & 
Experimental Treatment 

1 98993 4.37 71.2780304 -156.628885 Lake - control 

2 532 4.03 71.27972813 156.6188967 Polygon - control 

3 206 4.14 71.28229752 156.6162427 Polygon - control 

4 3804 3.49 71.28645856 156.6197291 Stream -control 

5 895 4.1 71.29009043 156.6050004 Polygon – exp flooded 

6 1240 4.04 71.28895768 156.6012823 Polygon – exp flooded 

7 1966 3.99 71.28814285 156.5999002 Polygon – exp flooded 

8 256 4.03 71.28481893 156.5907406 Polygon - control 

9 118 3.92 71.28491841 156.5832739 Polygon - control 

10 3064 3.53 71.28002614 156.5790727 Polygon - control 

11 23 4.09 71.27888781 156.5897636 Polygon - control 

12 1302 3.66 71.27949608 156.5957362 Polygon – exp control 

13 8 4.07 71.28057639 -156.595578 Polygon - control 

14 31.2 4.12 71.28257427 156.5985587 Polygon –exp control  

15 397 4.17 71.28427801 156.6018245 Polygon – exp drained 

16 125 4.06 71.28524674 156.5983643 Polygon – exp drained 

17 74 4.08 71.28623957 156.5997566 Polygon – exp drained 

18 772 4.06 71.28345947 156.6075349 Polygon - control 

19 1320 2.66 71.27649129 156.6138253 Stream - control 

20 1759 3.12 71.27631023 156.6047479 Stream - control 

 

Figure 10 shows the 20 pond locations (10 within the experimental area and 10 outside of 

the experimental area).  The ponds were marked in the following manner: 1 meter-long sections 

of rebar were pounded into underlying permafrost using a Hilty Drill.  Black ABS pipes, 

measuring 1.5m x 3.81 cm diameter, were placed over the rebar and left as a permanent location 

marker for our monitoring sites.  An antenna mount for a Differential Global Positioning System 

(DGPS) was crafted out of a 5cm diameter ABS pipe so that it fit snuggly over the permanent 

markers.   
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Figure 10.  BEO Ponds monitored for the Biocomplexity Experiment.  Twenty ponds (shaded 

light blue and numbered) are shown, along with the boardwalks and tramlines.  The black lines 

are the dikes that separate the flooded, drained, and control treatment areas labeled in red.   

 

Remote GPS field data collection was made using DGPS technologies. A TrimbleNetRS 

GPS receiver with a Zephyr Geodetic antenna mounted on top of the BASC building served as 

the base station. The rover system used to track water level changes in 2005-2006 was a Trimble 

5700 receiver with a Zephyr antenna and a Trimble TSC1 controller.  In 2007, a new rover 

system was used: Trimble R7 with an internal radio and a TSC2 survey controller to log field 

data.  A Trimble HPB450 radio provided real time kinematic survey capacities to the rover 

DPGS unit most of the time. All DGPS equipment was provided by UNAVCO 

(www.unavco.org) for all field seasons.   

http://www.unavco.org/
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Every summer season from 2005-2008, except for 2007, field assistants surveyed each of 

the 20 ponds, one to several times per week, by positioning the Zephyr antenna on the pond 

marker.  Due to logistical constrains, water levels were not available for mid July to September 

in 2006.  Depending on good or bad radio signal, one of two survey methods or both were used 

to collect data using the rover GPS: Real time Kinematic (RTK) when there was radio signal and 

Post-Processed Kinematic (PPK) or a static survey when there was no radio signal.  RTK surveys 

require a radio link to the base station whereas PPK and static surveys do not require a radio link, 

but do require differential correction between data logged in the field and data logged at the base 

station for centimeter-accuracy. The post processing is described immediately below.  

 Rover DGPS data were downloaded into the Trimble Geomatic Office Software version 

1.63 (TGO) to correct data collected using PPK or static survey methods and/or export corrected 

data to a text file.  Once the text files were opened in Excel 2007, the difference between the 

base of the Zephyr antenna and the pond water surface was removed from the DGPS ellipsoid 

height to attain an absolute pond surface water level (Figure 11).  Water levels were monitored 

every 3-5 day intervals in 2005-2006.  The monitoring interval increased to every other day and 

daily in 2007 and 2008, respectively.   Pond levels for all ponds were plotted in Excel 2007 for 

each year.  A 2-day moving average was calculated to assess water loss from the ponds.  In JMP 

8, a bivariate fit (water level by time) was chosen to get a 95% confidence curve fit for all ponds 

in their respective year and assess any patterns in the water level fluctuations.   

  In order to observe possible treatment effects on pond water levels, the pond water levels 

were totaled at the end of the season and were separated into their respective treatment areas.    

Those totals were averaged out by treatment section.  Using JMP 8, a Shapiro-Wilk test was 

performed on the averages to test for normality.  The data was not normally distributed, therefore 



 30 

a Wilcoxon matched pairs signed rank test was performed to compare each treatment section by 

year and observe possible pre and post treatment effects for 2005, 2006, 2007, and 2008.     

In 2007, an attempt was made to begin the manipulation by pumping water into and out 

of the proposed sections, but the pumping system failed in early June, so only the ponds with the 

level loggers and the ponds inside the DTLB were monitored.  In June 2008, the pumping system 

was put in place once again and pumping was sustained for the entire snow free season.  During 

2008 the ponds were monitored every day so that water levels in each treatment section could be 

adjusted to their respective treatment, using the pumping system to stay at the ±10cm target. 

 

Figure 11.  Photograph of pond water level measurements using DGPS.  The distance between 

the ellipsoid height and the pond surface was removed to get an absolute water level (cm). 

 

Pond pressures and temperatures were monitored in 4 ponds during the summers of 2006-

2007 with HOBO U20 Water Level Loggers (Figure 12).  The level loggers were set up to 

measure pressure in psi and water temperature in degrees Celsius.  Data was downloaded from 
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the level logger and exported to Excel spreadsheets.  Pond pressure was averaged out to daily 

values and corrected for atmospheric pressure.  Pressure is presented in kPA and plotted with 

precipitation to note patterns.  Pond temperature was recorded at 10 minute intervals and 

averaged to daily values.  The pond temperature data was averaged out by month to help 

calculate evaporation.  Water pond temperature was regressed against air temperature and total 

solar radiation to assess any positive relationship.   

 

Figure 12.  HOBO H2O Water Level Logger 

3.7 Evaporation 

Evaporation was calculated by using Meyer’s formula (Subramanya 2008): 

 E= C(es-ea)* [1 + W/16] 

 E = evaporation (mm/day). 

 C is a coefficient for daily data:  approximately 0.5 for small shallow ponds and 

0.36 for large lakes and reservoirs.  The arctic ponds studied in Barrow are small 

and shallow, thus 0.5 was used. 

 es is the saturated vapor pressure in mmHg at the water surface corresponding to 

the water temperature    

 ea is the actual atmospheric vapor pressure in mmHg, from the saturated vapor 

pressure (from the given air temperature in ºC) multiplied by relative humidity.  

Relative humidity data was compiled from the San Diego State University Global 

Change Research Group (http://gcrg.sdsu.edu/)  

http://gcrg.sdsu.edu/
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 W is average monthly wind speed in km/hr.  This data was compiled from the San 

Diego State University Global Change Research Group (http://gcrg.sdsu.edu/) 

 

Temperature data is from NOAA’s Barrow Observatory (BRW-ENE), in close proximity to the 

study site.  Water pond temperature is from the data loggers.   

http://gcrg.sdsu.edu/
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Chapter 4:  Results 

Results for climatic conditions at the study site for the years 2005 through 2008 are 

presented in section 4.1.  Results from LiDar-derived data are explained in sections 4.2.  Section 

4.3 presents results for snow depth and SWE. Section 4.4 presents water table depth (WTD) and 

Section 4.5 presents results for thaw depth, with their respective statistical analysis.  Section 4.6 

presents pond water level plots from data.  Pre and post analysis of pond water levels are also 

included.  Pond water temperature plots are presented in section 4.7 and evaporation estimations 

for 2006 and 2007 are shown in section 4.8. 

4.1 Climatic Conditions 2005-2008 

Climatic data for the 2005-2008 field seasons is presented in Table 2 against the 29-year 

mean for Barrow, AK.  All years were cooler than the 29-year average, except for 2007, which 

was 1.3’C warmer.  Precipitation was variable, yet the average of 2005, 2006, and 2008 was 

5.2mm higher than the 29-year average and 2007 was 43.5mm lower.   

 Table 2. Climate Data Summary.  The table includes mean precipitation and 

temperature recorded by NOAA (2006) for 29 years and mean precipitation and 

temperature for the cumulative months of June-August. 

YEAR PRECIPITATION TEMPERATURE 

1971-2000 56.4mm 3.3°C 

2005-2008 49.4mm 3.1°C 

2005 68.6mm 2.7°C 
2006 72.4mm 2.6°C 
2007 12.9mm 4.6°C 
2008 43.7mm 2.6°C 

 

A time-series plot is presented in Figure 13 for June, July, and August of 2005-2008 with 

mean summer temperature being 3.1 °C.  Summer 2007 had the highest mean summer 

temperature at 4.6 °C.  Total summer precipitation at the study site for summers 2005-2008 
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averaged 49.4 mm, with 2007 showing only 12.9 mm of rain.  The summer of 2007 was 

particularly hot and dry compared to 2005, 2006, and 2008.  Trend lines marked with dashed 

lines across the plot show a warming and drying trend for the study period.  

 

 Figure 13.  Temperature and precipitation for Summers of 2005-2008 in Barrow, Alaska 

(NOAA, 2010). Trend lines show slight heating and drying during the summer field seasons.  

 

4.2 LiDAR-Derived DEM 

A clipped 1-m-resolution DEM was produced from the LiDAR “bare-earth” dataset 

(Figure 14).  The highest elevation shown on the figure is 5.2m and the lowest elevation is 3m, 

shown in grey.  The average elevation was 4.09m with a standard deviation of ±0.42m.  Using 

the Bare Earth grid, +30,000 points were analyzed from Pond 1 to test for LiDAR errors yielded 

-5

-3

-1

1

3

5

7

9

11

13

15

0

2

4

6

8

10

12

14

16

18

20

152 182 212 242 180 210 240 178 208 238 177 207 237

--
--

-
Te

m
p

e
ra

tu
re

 °
C

--
--

-
P

re
ci

p
it

at
io

n
 (

m
m

)

Julian Days

2005-2008 Climate Data

2005 20072006 2008



 35 

an average elevation of 4.66m with a standard deviaton of 0.1m.  The maximum elevation was 

4.94m and the minimum elevation was 4.22m.     

Some of the more prominent features captured in the DEM are the many tundra low and 

high centered polygons surrounding the manipulation area.  In Figure 15, a Quickbird Satellite 

image is compared to the LiDAR DEM.  Red arrows point to some large polygons as reference.  

Images (a) and (b) both show tundra polygons surrounding the flat part of the experimental 

basin.  Note the areas inside the red rectangle in images (c) and (d).  The vegetation in (c) does 

not allow for the polygons to show up in the satellite image, whereas the LiDAR image (d), 

which can penetrate vegetation, captures the patterned ground with fine detail.  
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 Figure 14.  LiDAR-derived DEM with color-coded elevations.  The boardwalks shown 

in black were added as reference to color-code the areas perceived to be part of the 

manipulation site.  The flat part of the manipulation area is colored brown, encircled 

with a green and yellow rim. 
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 Figure 15.  Comparison between the Quickbird Satellite Image (a) and LiDAR derived DEM 

(b).  Note the fine details of polygonized tundra that were captured in the red box of the zoomed 

DEM image (d), which are not visible in the satellite image (c).  The red arrows point to four 

tundra polygons used as reference when zooming in to each image. 
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A slope DEM (Figure 16) of the study site was created with units showing slope percent.  

Overall, the area has an average slope of 2.97 % (ca. 2 degrees), with a standard deviation of 

±2.7 %.  The highest slope percent was 43 and the lowest slope value was zero.   

 

Figure 16.  Slope DEM of the Biocomplexity Study Area.  Note the green patches on the 

right hand side of the image with a slope percent close to zero, indicating that these regions 

are very flat basins. 

 

The experimental basin produced from ArcHydro defined two catchments within the 

manipulation area and two outlets (Figure 17).  The northern catchment was 389,167m
2
 in area, 

whereas the southern catchment had an area of 219, 400m
2
.  The model produced two outlets, 

one on the northeastern part of the basin, and the other at the southern part.  The NE outlet was 

dammed in 2008 to make sure that no water was escaping the basin and only the southern outlet 

was used for flow measurements.   
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 Figure 17. Catchments and drainage of the DTLB.  The DTLB used for the Biocomplexity 

Experiment has two catchments delineated with a black line, a drainage pattern shown 

with blue lines, and two outlets shown in yellow.  The northern outlet 1 was dammed in 

2008. 
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Figure 18 is an illustration showing the modeled drainage lines in blue.  These drainage 

lines occur in between polygon troughs.  In flat terrain, the drainage lines cut across the 

landscape.  A zoomed inset on the slope DEM highlights these drainage patterns in detail.   

 

 Figure 18.  Slope DEM with inset.  The inset shows most of the drainage 

pattern in blue following polygon troughs.  On flat terrain, the drainage lines 

cut across the land.   
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4.3 Snow Depth and Snow Water Equivalent (SWE) for Spring 2006-2008 

Average snow depth and average SWE for all spring field seasons is shown in figure 19. 

Averaged over all years, snow depth was 43.1cm with a standard deviation of ±15.1cm.  Average 

snow depth for spring 2006 was 44.3cm with a standard deviation of ±13.7cm.  Average snow 

depth was highest in 2007 at 54.6cm with standard deviation of ±21.16cm, whereas 2008 had the 

least snow depth at 30.5cm with a standard deviation of ±10.5cm.   

The average SWE for all field seasons was 10.4cm with a standard deviation of ±3.7cm.  

SWE was highest in 2007 at 13.9cm with a standard deviation of ±6.9cm, followed by 2006 with 

SWE at 10.8cm and a standard deviation of ±4.7cm.  Spring 2008 had the least SWE at 6.5cm 

with a standard deviation of ±3.2cm.   

 

 Figure 19. Snow depth and SWE for Spring 2006-2008.  Snow depth and SWE 

show a standard error of ±1.0cm.  Snowpack from spring 2007 had the greatest 

snow depth and snow water equivalency (56.6cm and 13.9cm, respectively). 

Spring 2008 had the least amount of snow on the ground at 30.5cm. 
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4.4 Water Table Depth (WTD) 

Results for water table depth are shown in Figure 20.  Mean seasonal WTD 

measurements for 2007 and 2008 were calculated for each year and treatment.  Overall, water 

table depth was highest (close to the ground surface) in the flooded treatment and lowest 

(deepest underground) in the control treatment for summer 2007. In 2008, water table was 

highest in the flooded treatment, but lowest in the drained treatment.  In 2007 (Julian days 170-

218), the average WTD for all treatment areas increased 20cm.  In 2008 (Julian days 170-200), 

the average WTD for all treatment areas increased 14cm.  .   
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 Figure 20.  Water table depths for summers 2007-2008.  Water table depths are 

shown for each experimental treatment prior to and during the experimental 

manipulation.  In 2007 (Julian days 170-218), the average water table depth for 

all treatment areas decreased 20cm.  In 2008 (Julian days 170-200), the average 

water table depth for all treatment areas decreased 14cm.   

A Shapiro-Wilk test was performed on the mean differences in WTD between 2007 and 

2008.  Data were normally distributed (n=14, p>0.05).  The differences in pre and post treatment 

were analyzed using a two-paired sample t-test and the mean difference in WTD was 

significantly greater (p<0.05) between years for the drained treatment area than for the flooded 
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as seen in Table 3. These results suggest there was a stronger draining treatment than flooding 

treatment in 2008 and that the success of the flooding treatment was negligible.  

Table 3.  Signifcance test for water table depth.  A significantly drop in water table depth 

was observed between 2007 and 2008 for the drained treatment area.  No significant 

difference was observed between 2007 and 2008 for the flooded treatment area. 

Two Paired Sample T-Test 

Differences (n) Mean Variance T Significance (p<0.05) 

2007 (Control – Drained) 14 -4.6cm 2.3 -18 <0.001 

2008 (Control – Drained) 14 3.9cm 0.7 

2007 (Control – Flooded) 14 -9.9cm 2.4 0.2 0.9 

2008 (Control – Flooded) 14 -10cm 4.5 

 

4.5 Thaw Depth 

Thaw depth results are illustrated in Figure 21.  Thaw depths increased with calendar day 

in the experimental study site for summers 2007 and 2008.  Average maximum thaw depth for 

all transects in 2007 was 29cm with a standard deviation of ±2.5cm.  Average maximum thaw 

depth for all transects in 2008 was 35cm with a standard deviation of ±3.1cm.  Error bars show 

the standard deviation for each day thaw depth was measured.  In 2007, thaw depth for all 

sampling sites combined increased at a rate of 0.35cm per day, with a standard deviation of 

±0.16cm, whereas in 2008, thaw depth increased at a rate of 0.36cm per day with a standard 

deviation of ±0.28cm.    
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 Figure 21. Thaw depths for summers 2007-2008.  Seasonal thaw depth increased with 

calendar day in each experimental treatment in 2007 and 2008.  Maximum thaw depth 

occurred in the flooded transect, with 25cm in 2007 and 34 cm in 2008.  Error bars 

show the standard deviation for each sampling period. 

Total season thaw depth data was not normally distributed for summers 2007-2008, as 

per the Shapiro-Wilk test, (n=300, p<.05).  Therefore, the Wilcoxon Rank Sum test for non-

parametric data was used to determine significant differences in pre and post treatment effects.  

Table 4 shows the results of the Wilcoxon Rank Sum test. The mean difference in thaw depth 

was significantly lower (p<0.05) for the drained treatment area than for the flooded treatment 
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area in 2008 compared to 2007, as seen in Table 4.  Thus, a stronger draining treatment than 

flooding treatment in 2008 suggests that the flooding treatment was negligible. 

Table 4. Wilcoxon rank sum test results for thaw depth.  A significant decrease in 

thaw depth occurred in the drained section in 2008 compared to 2007.  Higher 

thaw depths were observed for the flooded treatment area from 2007 to 2008, but 

were not significantly different.   

Wilcoxon Rank Sum Test 

Differences in Thaw Depths (n) Mean Significance (p<0.05) 

2007 (Control – Drained) 1200 -0.56cm < 0.0001 

2008 (Control – Drained) 1200 2.78cm 

2007 (Control – Flooded) 1200 -0.48cm <0.49 

2008 (Control – Flooded) 1200 -0.64cm 
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4.6 DGPS Water Levels in Ponds 

Seasonal pond water level dynamics for sampling periods in 2005-2008 are shown in 

Figure 22. ).  Trend lines, shown in red, were used to describe all pond water levels for that 

season because they provided minimal residuals, though the polynomials were not intended for 

modeling.  In general, all water levels decreased with calendar each season they were monitored.  

In 2005, water levels peaked at the beginning of the monitoring season, [Julian day 168].   Then 

pond water levels decreased almost 10cm until [Julian day 178].   A steady state of water levels 

persisted until [Julian day 194], then a gradual drop of 3cm until Julian day 206 was observed.  

Summer 2006 had a similar pattern of water level flux to that of 2005.  Water levels dropped 

close to 6cm, between Julian days 167 and 174, and there was a small (≈1cm) increase in water 

levels between Julian days 178 and 182, then a drop of 5cm by Julian day 199.  Water levels 

began increasing again near Julian day 205 and continued on past Julian day 217.  Summer 2007 

was very dry, compared to the other field seasons, thus a steady decrease in water levels of about 

28cm occurred from Julian day 159 through Julian day 202.  There was a slight increase at the 

end of the summer season.  In summer 2008, a gradual drop in pond water levels to that of 

summer 2007 of about 20cm between Julian day 159 and Julian day 200. A slight increase of 2-

3cm was observed toward the end of the field season. 



 48 



 49 

 

 Figure 22. Pond water level trends shown in red for Summers 2005-2008.  The lines in red 

are a best fit 5
th

 order polynomial equation used to describe all pond water levels for that 

season because they provided minimal residuals, though the polynomials were not intended 

for modeling.  In general, all water levels decline throughout the field season, but can rise 

with rain events, especially toward the end of the summer season (late July through August).  

The lines in gray are the individual pond water levels with their respective standard error. 
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A bivariate x (time) and y (water levels) analysis was performed to achieve a 5
th

 order 

polynomial shaded confidence curve fit  p<0.05) for all ponds in a respective year (Figure 23). 

The water levels were initially normalized by subtracting the initial water level measurement to 

the next measurement, for all measurements, and dividing by the mean water level for the 

summer season.  The new water level scale allowed for better comparison of all ponds.    

Summers of 2005 and 2006 were wet years, and therefore have a broad confidence curve fit with 

an estimated water level range of 15cm.  Summer 2007 had virtually no precipitation and a 

uniform pattern of decreasing water levels is observed for all but one pond that year.  Similarly, 

summer 2008 had a gradual drop in water levels, except for two precipitation events.  A small 

rise in water levels occurred between Julian day 168 and 174, and water levels began rising after 

Julian day 200. The range of pond water levels for 2007 and 2008 was about 8cm.   
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 Figure 23. Confidence curve fits for normalized water levels.  Shaded curve fits 

for pond water levels in their respective summer season.  The 95% confidence 

interval indicates that under the same conditions for that particular summer, 

the pond water levels would fall within that range 95% of the time.  
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Ponds were separated into their respective treatment areas and their total water levels at 

the end of the season were averaged out by treatment for 2005-2008, (n=36).  Average pond 

water levels by treatment are plotted in Figure 24.  Both control treatments show somewhat of a 

similar pattern for 2005-2008, unlike the drained and flooded treatments.   

In 2005, the drained and flooded treatment water levels (-13.8cm and -13.6cm) were 

greater than the combined control treatments (-6.2cm).  In 2006, the drained treatment water 

levels (-5.1cm) were less than the flooded treatment (-12.5cm) and combined control treatments 

(-12.1cm).  In 2007, the flooded treatment water levels (-23.6cm) were less than the drained       

(-29.9cm) and combined control treatments (-29.7cm).  By 2008, flooded treatment water levels 

(-7.7cm) were once again less than the drained treatment (-24.3cm) and the combined control 

treatments (-19.3cm). 

 

 Figure 24. Pond water levels at the end of the field season per their respective 

treatment and year. The control sections have somewhat of a similar end of season 

water level, compared to the drained and flooded water levels. 
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Ponds were analyzed for any possible pre and post treatment effects using a Wilcoxon 

two-paired signed rank test.  The mean differences between each section for all years were 

compared.  Results are shown in Table 5.  The success of the flooding and draining treatment 

was negligible (p>0.05).  This is in agreement with the confidence curve fits, suggesting that 

despite the water manipulation, ponds in all treatment areas behaved in a similar fashion.  

Table 5.  Significance test for pond water levels.  The Wilcoxon Rank Sum Test was used for 

Average Pond Water Levels in Experimental Treatment Areas.  

Wilcoxon Rank Sum Test for Ponds (2005-2008) 

Differences in Treatment Areas (n) R Mean Significance p<0.05 

Drained -Flooded 4 0.43 -3.89cm p=0.6 

Control (experimental) - Flooded 4 0.54 -2.90cm p=0.6 

Control (outside) - Flooded 4 0.59 -1.83cm p=0.8 

Control (experimental) – Drained 4 0.68 -0.99cm p=0.8 

Control (outside) - Drained 4 0.9 2.06cm p=0.6 

Control (outside)  - Control (experimental) 4 0.93 1.08cm p=1 

 

4.7   HOBO Water Level Logger Data   

Summer pond water temperatures recorded from the HOBO water level loggers for 2006 

and 2007 were plotted in Figure 24.  In 2006, pond temperatures had an average temperature of 

8.4ºC with a standard deviation of ±1.7 ºC.  The minimum temperature for 2006 occurred in 

Pond 18 with 5.1 ºC and the maximum temperature was 14.5 ºC in Pond 16.  In 2007, pond 

temperatures were 2 ºC higher, than in 2006, with average pond temperatures at 10.1 ºC, ±1.8 ºC.  

Pond 16 had the lowest recorded temperature for the season with 5.9 ºC, and Pond 18 had the 

highest temperature, with 17 ºC.  



 54 

 

 Figure 25. Water temperatures for ponds with level loggers.  Ponds 6, 

12, 16, and 18 show a similar pattern in water temperature for 2006 (a) 

and 2007 (b). 

 

Results from the linear regressions with average pond temperatures for 2006 (n=45) and 

2007 (n=60) plotted against daily air temperature and solar radiation are shown in Figure 26.  

The relationship between average pond temperature and air temperature (a and b) was higher for 

2006 (R
2
=0.62) than for 2007 (R

2
=0.57).   Similar results were obtained for correlations between 

average pond temperature and solar radiation in 2006 and 2007 (c and d).  However, pond 

temperature has a stronger relationship with solar radiation in 2007 than in 2006.   



 55 

 

Figure 26. Average pond temperature correlations with atmospheric variables.  All 

correlations were relatively high with R2 > 0.56, (p<0.05). 

 

Level logger data shown in Figure 27 is in kPA pressure units and is plotted with 

precipitation.  It is evident from pressure data that ponds respond in a relatively uniform manner 

to precipitation.  Testing of the pumping system in early summer of 2007 may be responsible for 

the small oscillations from Julian days 167-193.  The dry spell of 2007 is also seen by the 

continuous pressure decrease through time.  Pond 6 and Pond 18 are control ponds, whereas 

Pond 6 is in the flooded treatment area and Pond 16 is in the drained treatment area. 
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 Figure 27. Water pressure in kPA recorded from level loggers.  Rain events kept pressure 

relatively constant in 2006, but the dry summer of 2007 caused a continuous drop in water 

pressure. 

 

4.8   Evaporation   

All pond water temperatures recorded from the level loggers for summers 2006 and 2007 

were averaged out per month to calculate evaporation using an empirical equation called 

Meyer’s evaporation formula.  The results are shown in Table 6.  Overall, evaporation rates were 

highest during the month of June for 2006 and 2007, with 6.73mm/day and 4.16 mm/day, 

respectively, compared to July of 2006 and 2007 (2.90 and 3.84 mm/day, respectively) and 

August 2006 and 2007 (2.52 and 2.23 mm/day, respectively).    
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Table 6.   Daily evaporation rates for summers 2006-2007 in mm/day. 

2006 June  July  August 

Mean air temp (ºC) 2.2 3.3 2.2 

Water temp (ºC) 9.24 8.13 7.33 

Wind Speed (km/hour) 13.55 16.31 14.49 

Relative Humidity % 87.86 91.23 81.83 

sat. vap. Pressure - es (mmHg) 8.87 8.27 7.67 

sat. vap. Pressure - ea (mmHg) 1.93 7.11 6.62 

Evaporation (mm/day) 6.73 2.90 2.52 

2007 June  July  August 

Mean air temp (ºC) 1.3 5.7 6.9 

Water temp (ºC) 8.56 10.19 9.89 

Wind Speed  (km/hour) 18.42 18.03 15.3 

Relative Humidity (%) 90.06 89.77 92.73 

sat. vap. Pressure - es (mmHg) 8.42 9.77 9.25 

sat. vap. Pressure - ea (mmHg) 4.47 6.08 6.92 

Evaporation (mm/day) 4.16 3.84 2.23 
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Chapter 5:  Discussion 

The following paragraphs discuss the results from the previous chapter.  First, climate 

data is discussed in 5.1 with short-term noted trends.  Patterns observed with the LiDAR DEM 

and ArcHydro modeling, are discussed in section 5.2.  Sections 5.3-5.8 discuss the hydrologic 

characteristics observed during the four year study, including snow depth and SWE, water table 

depth, thaw depth, water pressure in ponds, pond temperatures, and evaporation.  These 

hydrologic characteristics are compared to past studies conducted in the Barrow area and other 

studies related to the Arctic.     

  

5.1 Climate Conditions 

Climate data was variable each summer of 2005-2008.  Weather in summers of 2005 and 

2006 was wet and cool, whereas summer of 2007 was hot and dry.  However, the cumulative 

trend for all summer seasons did indicate warming and drying around the DTLB area.  This short 

term trend is comparable to long-term trends observed in other literature (Curtis et al. 1998, 

Oechel et al. 2000). 

5.2 LiDAR-derived DEM and ArcHydro Modeling 

The LiDAR-derived DEM and associated catchment and drainage characteristics that 

were modeled displayed a capacity to detect a range features associated with frozen ground such 

as high and low centered polygons and polygon troughs, tundra ponds and drained thaw lake 

basins. Long-term changes in these features can indicate ecosystem changes (Stow et al. 1989) 

Scientists have noted polygon troughs to act as flow channels (Woo & Guan 2006), and 

ArcHydro was able to model such terrain, as seen in figure 18.  What is most important is the 

fine resolution at which the detail was captured with the 1m pixels of the DEM.  Many LiDAR 

studies now use fine spatial resolution of less than 5m (French 2003, Bork & Su 2007, Lee & 
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Lucas 2007).  Although expensive to acquire, LiDAR datasets can improve the quality of DEMs 

to map remote arctic regions, they improve hydrologic modeling in flat terrain, and build a 

capacity for monitoring fine-scale change  in these landscapes over a variety of spatial and 

temporal scales (Nolan 2003). Such change is important because micrtopography in arctic 

terrestrial ecosystems is inextricably linked to soil moisture, depth of thaw, plant community 

composition and functional variables such as carbon flux (Chapin et al. 1997, Hobbie et al. 2000, 

Engstrom et al. 2005, Boike et al. 2008)  

5.3 Snow Depth and Snow Water Equivalent (SWE)  

Snow depth and SWE were highly variable in spring of 2006-2008.  This variability may 

be associated with the differences in the time of year snow depth was measured and with the 

infrastructure that was put in place each year after 2005.  Snow accumulation was higher around 

buildings and boardwalks, as these structures can be similar to snow fences, which block snow 

from drifting (Hinkel & Hurd 2006).  Average snowpack for all field seasons was 43.1cm, and 

average SWE was 10.4cm and fell within the range commonly reported by other studies in 

northern Alaskan arctic coastal regions: 52cm snowpack and 13cm SWE (Sturm et al. 2001), 

28cm snowpack and 9.8cm SWE (Sturm & Liston 2003), 41.3cm snowpack (Hobbie 1980).  

Annual monitoring of snow depth in late spring is best because snow is not water saturated 

during this time.  Maybe measuring snow depth from a similar DTLB in the surrounding area 

can also give more accurate measurements, than measuring within the infrastructure found inside 

the experimental site.  Snow depth, though highly variable each year, is important to monitor as 

snow is the prime source of pond water recharge (Woo & Guan 2006).   Decreased winter snow 

observed in the Barrow region could potentially change pond hydrology affecting permafrost and 

pond vegetation structure (Hinkel & Hurd 2006).   
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5.4 Water Table Depth (WTD) 

Water table depth increased as the summer season progressed for summer 2007, except 

toward the end of the season, due to late summer rain events.  In 2008, there was a water table 

increase after Julian Day 200, which might have been caused by failed attempts to conduct the 

manipulation that year.  In order to compare pre and post manipulation changes, the difference in 

WTD between the flooded/drained treatment areas and the control was compared for summers 

2007 and 2008.  Results indicate that the difference between the control and drained treatment 

areas was significant from one year to the next compared to the difference between the control 

and flooded treatment areas (Table 3).  This suggests that water inputs in the flooded treatment 

did not alter water table depth significantly.  However, water removal from the drained treatment 

altered water table depth significantly.  An increasing water table depth means drier organic soils 

(Boike et al. 2008).  Increased decomposition of organic matter in dry soils increases the 

potential for soil organic carbon to be released into the atmosphere, amplifying the positive 

feedback loop between climate change and atmospheric CO2 (Hobbie et al. 2000). 

5.5 Thaw Depth 

Thaw depth increased with calendar day during the summers of 2007 and 2008.  Average 

maximum thaw depth in 2007 was 29cm, compared with 35cm in 2008.  These differences 

correspond to 2007 being drier than 2008.  The flooded treatment area had the greatest thaw 

depth in 2007 and 2008, with 32cm and 38cm respectively.  Maximum thaw depth in all 

treatment areas fell within the range given by Hobbie (1980) and Lewellen (1972) in their tundra 

studies, 20-50cm.  Interestingly, Lewellen (1972) reported 1963 to be a very wet year and total 

thaw depth was 40cm compared to 1964 being a dry year with a total thaw depth of 33cm.  

Average maximum thaw depths for 2007 and 2008 (32cm) are also comparable to the 7 year 
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average (31.1cm) reported from 19 US Army Cold Region’s Research and Engineering 

Laboratory (CRREL) plots (Nelson et al. 1998) and the 5 year  thaw depth average (37cm) 

reported for the Barrow Circumpolar Active Layer Monitoring (CALM) grid reported by (Hinkel 

& Nelson 2003).    

In order to compare pre and post manipulation changes, the difference in thaw depth 

between the flooded/drained treatment areas and the control was compared for summers 2007 

and 2008.  Results indicate that the difference between the control and drained treatment areas 

was significant from one year to the next, unlike the difference between the control and flooded 

treatment areas (Table 4). Thaw depth is highly dependent on soil moisture, thus, the drained 

treatment area had less thaw depth in 2007 because organic soils were dry enough to act as 

efficient thermal insulators against temperature forcing (Hinkel et al. 2001).  If the warming and 

drying trends were to continue in Barrow, one could expect less thaw depth (Zhang & Stammes 

1998).  However, Hinkel et al. (2001) conclude that there is high variability in thaw depth within 

the Barrow microtopography, and they caution about extrapolating to larger scales.   

5.6 Water Levels in Ponds 

Water levels overall decreased with calendar day during the summer field seasons of 

2005-2008 as seen in Figures 22 and 23. After the spring freshet, most ponds behaved in a 

synchronous fashion, with slight increase in water levels after rain events, especially toward the 

end of the field seasons, which implies that they are hydrologically disconnected, act as their 

own micro-catchments, and are most likely impacted primarily by evaporation, as observed in 

other arctic pond and lake studies (Hobbie 1980, Miller et al. 1980, Marsh et al. 1981, Macrae et 

al. 2004, Woo & Guan 2006).  
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One factor that is unknown in pond water levels, especially during dry years like 2007 is 

how much ground ice contributes to water storage and vegetation growth (Young 2006), since 

thaw depth lessens when dry conditions occur.  Overall, ponds and wetlands in continuous 

permafrost and highly dependent on precipitation and may be most vulnerable to climate change, 

as their drying can lead to pond depletion and CO2 and CH4 release into the atmosphere, 

enhancing the positive feedback to global warming (Burkett & Kusler 200, Winter 2000). 

5.7 Water Level Logger Data 

Pond water temperatures recorded from the HOBO water level loggers for summers 2006 

and 2007 (8.4ºC and 10.1 ºC, respectively) were slightly lower than the average pond water 

temperatures reported in  by Lewellen (1972) in 1965 (10.3ºC)  and higher than what he reported 

in 1966 (6.6 ºC).  However, the HOBO logger temperatures were slightly higher than the pond 

temperatures reported in the early 1970’s (Miller et al. 1980), which had average pond 

temperatures between 7 ºC to 8ºC.  Results from the linear regressions with average pond 

temperatures for 2006 and 2007 plotted against daily air temperature and solar radiation show a 

relatively strong relationship.  However, pond temperatures had a stronger relationship with solar 

radiation in 2007 than in 2006 because 2006 was a wet year with more cloud cover, thus 

temperature forcing was greater than solar radiation forcing on pond temperatures for that year 

(Miller et al. 1980).   

5.8 Evaporation 

Evaporation rates were higher in June of 2006 and 2007, with average evaporation of 

5.4mm/day for both years, compared to July and August of 2006 and 2007 (3.15mm/day and 

2.4mm/day, respectively).    Average evaporation for June and July of 2006 and 2007 was higher 
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than the evaporation rate reported for a shallow lake in the Mackenzie Delta (Marsh 1986).  

However, the evaporation rate for August in Barrow (2.4mm/day) was very similar to the August 

evaporation rate in the Mackenzie Delta (2.1mm/day).  Average summer evaporation rates for 

2006 and 2007 combined (3.65mm/day) were lower than the average evaporation rates 

(4.3mm/day) reported from ponds in Barrow, AK, (Brown 1980), but similar to the modeled 

average evaporation rates (31.mm/day) reported by Mendez et. al. (1998) for ponds near Prudhoe 

Bay.  Mendez et al. concluded that coupling of warmer air temperatures with more precipitation 

could lead to increased evapotranspiration rates, which is not the current trend. 

Differences in evaporation rates may be due to several factors.  Evaporation formulas 

being used have coefficients that vary, depending on the size of a water body, or climatic factors 

(Shnitnikov 1974, Mendez et al. 1998, Subramanya 2008).  Also, many studies presenting the 

evaporation regime of a catchment actually calculate evapotranspiration rates from soil water 

content and vegetation.  Evapotranspiration from vegetation and land is estimated to be about 50-

80% of total evaporation from open water, thus inter-comparison between studies can be difficult 

or misleading (Clebsch & Shanks 1957).  To a lesser extent, differences in soil substrate or 

latitude location may also affect evaporation rates.   

This thesis presents many patterns and characteristics for the hydrology in the 

Biocomplexity study site.  For future work, developing a drainage and catchment model before 

conducting any study is greatly advised, as field researchers can ground-truth part of what is 

being modeled prior to conducting any experiments.  Another way to improve future quantity 

and quality of hydrologic data collection in would be to include the freeze-back period (Young 

2006), at least until mid September to double-check for hydrologic connectivity amongst ponds 

as water levels rise in late summer and to gather somewhat more of a long-term dataset for 
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studying multiple parameters over multiple years, avoiding gaps between summer seasons.  With 

more efficient use of time, a water balance could be performed to compare with other studies 

(Hobbie 1980, Marsh 1986, Mendez et al. 1998).   
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Chapter 6:  Conclusion 

 This thesis successfully illustrates multiple hydrologic variables present in the study site 

as discussed in the previous chapter for snow depth and SWE, water table depth, thaw depth, 

pond water levels, pond pressure and temperature, and evaporation. The drainage and catchments 

were also successfully modeled, although time consuming for a novice using the ArcGIS 

software and ArcHYDRO tools.   

Overall, the results from the hydrologic variables observed seem to fall in line with past 

and present studies.  A closer analysis of pre and post treatment effects for water table depth and 

thaw depth reveal that the draining effect was significantly more effective than the flooding 

treatment in relation to the controls.  For the water table depth plot, the flooding treatment might 

have been stronger toward the end of the summer as the water table dipped and then flattened 

out.  Reported over-pumping may have caused overflow in the flooded treatment area, thus 

improvement of the pumping infrastructure is suggested.   

Many arctic studies, including this thesis. noted high variability from one year to the next 

in multiple hydrology parameters, which adds complexity to the many biogeophysical processes 

already taking place in the coastal plains near Barrow, Alaska.  In long-term trends however, the 

conceptual model in Figure 28 illustrates the basic interactions between climate, hydrology, and 

land-atmosphere feedbacks to the climate system. 
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 Figure 28. Conceptual Model of the links between climate forcing, hydrology, and climate change 

positive feedbacks.  These links are representative of the coastal plain near Barrow, Alaska.   

  In Barrow, the warming and drying trend means a potential loss of soil water content and 

a decreasing water table, as observed in the draining treatment.  Warming of the soils can 

heighten decomposition of organic matter, hence an increase in CO2 gas into the atmosphere, 

positively enhancing greenhouse warming.  Although drying of soils can increase decomposition 

rates due to increased aerobic volume in tundra soils, dry soils can efficiently insulate against 

atmospheric heat, thus it is believed that this process can redirect carbon nutrients further down 

the soil column.   

Although difficult and expensive, only long-term continuous monitoring in these extreme 

and remote locations will help in better understanding the complex land-water-atmosphere 

interactions and feedbacks in arctic terrestrial ecosystems to more accurately predict future 

climate impacts.   
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