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Significance
IPCC (2014) WG II report – “In many regions, changing 
P or melting snow & ice are altering hydrological 
systems, affecting water resources in terms of 
quantity and quality”

∗ Mountain headwaters receive & produce a large fraction of global P & RO including 
contributions to floods, drinking and irrigation water supply, & drought protection for 
vast downstream areas

∗ Snow, ice, and P phase changes dominate behaviour of mountain hydrology – therefore 
especially sensitive to climate change

∗ As glaciers recede, lakes & wetlands (including peatlands) will become more 
widespread, altering flow regimes and influencing baseflow & low flows



Wetlands are important to catchment hydrology, but hydrologic role poorly 
understood

Considerable assets from an ecosystem services perspective:  

Significance

∗ Mitigate downstream effects of extreme P through water 
retention & reduced flow velocity 

∗ Viable cost alternative to built infrastructure (e.g. levees, 
bypasses)

∗ Provide water back to ecosystems during periods of drought
∗ Critical wildlife habitat
∗ Improve water quality 



Significance – Bow River
o Most densely populated river basin in Alberta with the least 

water available per capita 

o Water quality of critical significance to Alberta: 
o Drinking water to Calgary 
o Feeds the Western, Eastern, and Bow River Irrigation Districts, 

which supply 46% of all the irrigated acres in Alberta (Alberta 
Irrigation Projects Association 2014). 

o Encroached on by human land-uses such as forestry, 
grazing, and increasingly by tourism and recreation that 
threaten the ecological integrity of the region (BRBC 2012). 

o No better laboratory to study 
o Role of wetlands in watershed resiliency to flooding and drought
o Cumulative effects of climate change and human land-use

Heinz Unger – logging near Cow Lake

Ghost Watershed Alliance -
motorized vehicle crossing of wetland



Challenges and knowledge gaps

1. Energy and water balance (Petrone)
◦ Process-based model (Phase 1) and simulations (Phase 2)

2. Storage and flow regulation (Westbrook)
◦ Process-based model (Phase 1) and simulations (Phase 2)

3. Improved wetland mapping and remotely sensed indicators (Robinson)
◦ UAV mapping/geospatial data analysis (Phase 1) and scenarios (Phase 2)

4. Biodiversity (Rooney)
◦ Bird and vegetation diversity surveys (Phase 1) and habitat modelling (Phase 2)



Approach – Field work commences 2018
Focus on Crown Land in Ghost (a), 
Jumpingpound (b) & Elbow (c) sub-watersheds
◦ 3 intensive monitoring sites across elevation 

gradient
◦ 8 synoptic monitoring sites in montane/foothills 

span landscape context gradient

Direct measure of wetland function at a 
subset of sites
Modeling to better understand functions at 
the sub-watershed scale
Wetland mapping with new technology (UAV 
with different sensors)

Upper Bow River Basin



Approach – Intensive sites
∗ Intensive site installations…



Approach – Synoptic 
sites

• Candidate sites pulled crossing 
gradients in elevation (Foothills 
to Sub-alpine) and land use 
(logging, roads, ATVs)

• Sites arranged in clusters to 
study wetland networks

• Ground-truthed for final site 
selection (n = 8)



Approach - Objectives 1 & 2

◦ How this function varies among across an elevation gradient
◦ Assess their overall hydrological role in the changing mountain 

environment  interactions with ecology
◦ Peat accumulation or loss
◦ Variation in water table stability

◦Upland-wetland transects with detailed hydrometric 
data from intensive sites  evaluate atmospheric 
controls & hydrological connections across space / 
time empirically

Establish the eco-hydrological function of mountain wetlands



Approach – Objective 1 & 2

Process-based modelling (GSFLOW; CRHM): 
◦ Ecohydrologic functions from the level of individual wetlands to sub-basin and 

basin scales
◦ Simulations  effect of alterations in the upland on hydrologic connections and 

water table stability
◦ This modeling will generate hypotheses that can be tested with data from field 

surveys of ~8 synoptic sites across a gradient in land use
◦ Assess sensitivity of wetlands to disturbance (logging, ATV, etc.) & whether 

buffers are necessary to preserve wetland function (Field/Modelling)



Approach – Objectives 1 & 2

∗ Utilize vegetation & water indices, thermal bands, spp composition, biomass 
estimation, canopy structure, & topographic features derived from DEM + 
meteorological data + GIS  assess/detect effects of disturbance features 
on overall wetland condition

Quantifying trajectories of 
ecosystem change using time 
series (SPOT) remote sensing 
data

Vegetation height change
using LiDAR data



Progress – Bonsai Wetland (Fortress)
Highest elevation intensive site (2100 masl)
Eddy Covariance Evapotranspiration system installed 2017

Meteorological station, well and piezometer network installed 2017

Time lapse camera to track snow melt and seasonal vegetation change
PhD student Mina Rohanizadegan 2016/20
◦ Using CHRM and WRF to model topographic influences on turbulent regimes 

and evapotranspiration of the Fortress Mountain area using field-based 
measurements

MSc student Dylan Hrach 2017/18
◦ Understanding mountain shading effects on vegetation and growing season 

water use dynamics using eddy covariance

Research assistant Sheryl Chau 2018 
◦ Using spectral sensors and gas flux chambers to identify relationships 

between ET, CO2 and stomata response



Progress – Bonsai Wetland (Fortress)
Snow ‘resets’ wetland 
water table and Bonsai 
Lake level to 
approximately same 
point each year
Water supply for 
wetland-lake complex is 
snow that moves quickly 
through the talus
Early snowmelt causes 
lake and wetland to dry 
sooner
Wetland water table 
very responsive to late 
summer rains (or snow 
that melts immediately)



Progress – Burstall Pass Wetland Complex

Middle elevation intensive site (1900 masl)

History of logging and disturbance in area

Eddy Covariance Evapotranspiration system and 
meteorological system to be installed in 2018
Monitoring well to be installed in 2018 for basic water 
quality data and stable isotope collection



Progress – Sibbald Creek Wetland

Lowest elevation intensive site (1490 masl)

Meteorological station, wells and piezometer network 
installed before project start

Eddy Covariance Evapotranspiration system installed 
Spring 2018
MSc student Stephanie Streich 2016/18
◦ Understanding hydrological connectivity of the wetland using 

well and piezometer network in conjunction with stream 
velocity measurements, meteorological station and historical 
ecological data



Progress – Sibbald Creek

Dominant hydrological functions at Sibbald in a drought year

Dominant hydrological function of this 
groundwater-dependent peatland
regulated by:
• Ground frost melts ~late June
• Water table drop over summer



Approach – Objective 3
Site selection
◦ Use a combination of depressions derived from elevation data, satellite image interpretation, land use 

data, and elevation gradient from Calgary into the Rockies to identify 34 potential synoptic sites

Mapping and sensor comparison
◦ Assess the capacity of imagery acquired using visible spectrum, near infrared, thermal infrared, and 

LiDAR to map wetland catchment, vegetation, topography and other components

Indicators – support ecohydrologic modeling with 
calibration/validation
◦ Combine UAV measurements and spatial statistics to develop indicators that constitute a relationship 

between empirical field measurements and contribute to the calibration and validation of 
ecohydrological modeling

Synthesis – best practices
◦ Through the comparison of sensors, flight parameters (e.g., height, angle of view), seasonal 

observations, and other variables for data collection, comprise best practices for wetland mapping 
using a UAV



Progress
Equipment 
◦ Upgrades of $9,000 to existing UAV equipment have been made with 

funding from Canadian Foundation for Innovation. Additional 2.5 hrs of 
battery power are being acquired with parallel project funds.

◦ Assessment of LiDAR sensor and UAV for acquisition have identified DJI 
Matrice 600 Pro and Velodyne Puck LiDAR sensor as equipment for 
acquisition. Purchase order to be made in June.

◦ Application for Transport Canada approval in progress for submission by 
May 31st and builds off 25 h of over 65 flights for UAV Pilot Dr. Robinson 
and 2 h and 11 flights for student training. 

Synoptic site selection
◦ ~34 potential sites have been identified for ground 

evaluation and final selection



Approach - Objective 4
• Characterize bird and vegetation diversity at 

intensive and synoptic sites 
• Supports Objectives 1, 2, and 3

• Model these communities as function of 
habitat characteristics, including vegetation in 
the surrounding buffer

• Partition diversity into local, turnover and 
regional components to study relative 
influence of environmental filtering and 
ecological drift



Progress
• Final selection of synoptic sites this 

June

• Survey of birds June (MSc Jordan 
Reynolds)

• Deployment of ARUs June – July (BSc 
Hns thesis)

• Vegetation surveys and UAV ground 
truthing July (MSc Calvin Lei)
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Questions? rrooney@uwaterloo.ca

Brewster’s meadow in the Ghost Sub-watershed.  Credit Heinz Unger.
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