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Executive Summary  

This project combines hydrological and ecological assessments to better understand the Columbia 

Wetland Complex and the individual wetlands within it. It includes a hydrological classification of the 

different wetland types observed within the Columbia Wetlands and the ecological consequences of their 

differences. We assessed the vulnerability of the wetlands to climate change and the potential for beaver 

dam analogues (BDAs) to be used as a low-tech and relatively natural restoration technique. We restored 

(and repaired) one 54 ha wetland with several beaver dams and gathered the data and support needed 

to acquire a permit in another 22 ha wetland. We provided The Nature Trust of BC and ECCC, who own 

and manage a parcel of the Columbia National Wildlife Management Area, with the data and guidance to 

install and repair beaver dams in site 71 to raise the water levels for spring migrating birds. ECCC (or their 

contractor) has submitted an application for the restoration and the dams will be built/restored in May 

2023, if the permit is approved.  

An analysis of the hydrology of the study wetlands was conducted using hydrological and geomorphic 

variables collected from 35 different wetlands throughout the Columbia Valley, resulting in classification 

of the wetlands into one of five groups (A, B, C, D, or E). These groups were further characterized based 

on their connectivity to the channel network using a framework of first-order controls and wetland 

variables. These classifications include wetlands that are continuous, discontinuous, no connectivity, and 

fully connected.  

Wetlands with continuous connectivity include wetlands in group A which are hydrologically connected 

with the Columbia River channel network. Wetlands with discontinuous connectivity appear to be 
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dependent on the elevation of either a gap in the levee or the levee itself being flooded in peak flows to 

recharge the wetland; wetlands with group B and C hydrographs are in this group. Wetlands with no 

connectivity are not directly connected to the channel network via gaps in the levee and are likely to 

respond to unchannelized surface inflow as a result of over-levee flooding as the river stage rises; these 

wetlands include those in groups D and E. Unconfined wetlands are wetlands where levees are missing in 

large areas and where the river continuously flows through the wetland; none of the 35 studied wetlands 

are in this category as these wetlands are more difficult to delineate from the river. Wetlands connected 

to the main Columbia River make up the greatest percentage of the Columbia Wetlands complex, with 

50% or 10,200 ha of the wetlands being highly connected to the main river. 25% of the wetlands are 

unconfined wetlands with almost no levees, where the river flows through freely. Thus 75% of the 20,000 

ha wetlands flood fully with the floodpulse in June. Partially connected wetlands comprise 13% of the 

wetland complex while isolated wetlands make up 12%; in total, that means that only a quarter of the 

Columbia Wetland Complex retains water over the winter and in the early spring. 

Water balance calculations were completed for each of the wetland types from 2020 to 2022. The 2022 

water balances were updated using bathymetric data collected using drone-based RTK survey 

measurements and wetland depth measurements collected in 2022. The conceptual understanding of 

wetland water balance was consistent between years. Continuously connected wetlands had the lowest 

precipitation to evaporation ratios, indicating these wetland types are likely less sensitive to atmospheric 

conditions. Discontinuously and non connected wetlands had higher precipitation to evaporation ratios, 

suggesting these wetland types are more influenced by atmospheric conditions (higher relative 

evaporation).  

A physically based, semi-distributed hydrological model was developed for the upper Columbia River Basin 

to evaluate potential hydrometeorological conditions and wetland water balance responses to climate 

change. Historical normal annual air temperature reported at the ECCC climate station near Radium is 

5.8°C and the annual precipitation is 441 mm. Climate change scenarios project average annual air 

temperature increases for the study area by 1.4 to 1.7°C by 2050 and 2.4 to 3.6°C by 2080 while 

precipitation is projected to slightly increase by 27 to 35 mm by 2050 and 53 to 70 mm by 2080 with a 

shift in the timing (and amount) and phase of precipitation, where the fraction of annual precipitation 

that falls as snow will be reduced by 4 to 6% by 2050 and 9 to 14% by 2080. Projected climate change 

would shift the watershed towards more rainfall-dominated runoff and result in earlier snowmelt and 

spring peak flows, which may change the timing and duration of overbank/overdam/overlevee flooding 
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and the period of inundation. Wetlands that are not continuously connected to the river channel will not 

receive as much inflow during the maximum annual peak flows and will be more sensitive to the effects 

of climate change as suggested by the water balances.    

The beaver subproject monitored a suite of ecological parameters in 37 of the study wetlands to 

determine the best type of wetland to restore and to provide the background data for an effectiveness 

monitoring plan for future wetland restorations. This included monitoring of beaver dams, submersed 

aquatic vegetation, emergent vegetation, water quality, sediment organic matter content, breeding birds 

and spring migrating water birds. Not all parameters were measured on all study wetlands.  In all study 

wetlands, the most common type of wetland community is open water habitat (28%) with beak sedge-

water sedge marsh second most important in area (14%) with bulrush (12%), swamp horsetail (9%), cattail 

(8%), and with Sitka willow red osier dogwood-low benchlands (7.5%) less common. There is some data 

showing that these areas are changing over time; the mapping was based on orthophotographs taken in 

August when the water levels are normally high. There are differences in the area of  vegetative 

communities in the different hydrologic classes of wetlands (groups A,B,C,D,E). In the entire ~20,000 ha 

Columbia Wetlands, permanent open water (available over winter and spring) is about 25% of the area, 

since so many of the open water areas (available in August) drain out over winter. Since open water on 

the wetland  is critical for migrating waterfowl and SAR, much of our most intense monitoring was in 

potential restoration wetlands and reference wetlands. We measured the number of gaps (in the levees 

to the river) and the number of beaver dams blocking those gaps. We found that group A wetlands have 

more gaps than dams, resulting in the continuous connectivity that defines them. Group B wetlands have 

more beaver dams than gaps, while group C and D/E wetlands have no unblocked levee gaps.  This 

suggests that most of the aquatic and semi-aquatic organisms, including migratory birds, will use group B 

and C/D wetlands in the spring, except for the deeper pools in group A wetlands. It also suggests that we 

will be modifying/restoring beaver dams to group A wetlands to provide habitat for spring migrating birds. 

We found that migrating birds and sediment organic content are among the best parameters to measure 

in potential restoration wetlands. The sediment organic content builds up in wetlands that do not flush 

out over winter with organic matter being >15% in wetlands that keep water over winter while it is often 

less than 12% in wetlands that drain out over winter. The number of species of spring migrating birds was 

higher in wetlands that retain water over winter. For example, Site 24 (a potential future restoration site) 

had only 9 species of waterbirds, while nearby Site 21 had 23 species of waterbirds and raptors. There 

were also fewer individual birds observed in Site 24, with 100 individuals observed in Site 24 and 372 
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observed in Site 21; the most numerous species in Site 24 was American Wigeon (34 individuals observed), 

while in Site 21 it was Ring-necked Duck (115 individuals observed). We are putting together a monitoring 

plan to determine how effective our restoration will be. We identified 3 potential wetlands for restoration 

with restoration with artificial beaver dams or the repair of degraded beaver dams and collected some 

ecological data on those sites. Additional ecological data will be collected in 2023 to refine the selection 

of restoration sites. 

1.0 Introduction  

The Columbia Wetlands, stretching from Columbia Lake in the south to just north of Golden in the 

northern reach of the study area, are floodplain wetlands along the only undammed portion of the 

Columbia River. The Columbia Wetland system is one of the longest contiguous wetlands in North America 

(Zimmerman, 2004) at approximately 180 km long and spreading over 26,000 ha in area (Environment 

and Climate Change Canada, 2018). These wetlands provide important wildlife habitat and ecosystem 

services such as recharging groundwater, supplying water for agriculture and residential use, mitigating 

flood impacts, storing carbon and providing recreational opportunities. The wetlands are important 

culturally to both First Nations and settlers in the Columbia Valley and are located on the traditional 

territories of the Ktunaxa Nation, Secwepemc First Nation, Shuswap First Nations Band, and Metis Nation 

Columbia River. 

The Columbia River between Columbia Lake and Golden meanders substantially through the valley 

bottom with multiple side channels and many wetlands created by erosion and deposition across the 

floodplain due to the low elevation gradient of approximately 19 cm/km, (Environmental Stewardship 

Division Kootenay Region, 2004). While much of the Columbia River is highly regulated by large-scale 

hydro-electric dams, the headwaters of the Columbia River are not, and as such these floodplain wetlands 

are maintained by the natural flood pulse of water flowing over natural river levees while flood waters 

advance and retreat across the valley, a process that has major effects on all aspects of the wetlands 

(MacDonald Hydrology Consultants Ltd., 2021; Makaske et al., 2009). The Columbia Wetlands show 

anastomosing morphology, with multiple interconnected channels enclosing flood basins, and with stable 

channels and frequent crevassing of the natural levees to form gaps (Makaske et al., 2009).  
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Among the many ecosystem services they provide, the Columbia Wetlands provide habitat for a diverse 

number of organisms, including providing particularly vital habitat for migrating birds. The Columbia 

²ŜǘƭŀƴŘǎ ŎƻƳǇǊƛǎŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ǘƘŜ tŀŎƛŦƛŎ CƭȅǿŀȅΤ ƻƴŜ ƻŦ bƻǊǘƘ !ƳŜǊƛŎŀΩǎ ŦƻǳǊ ƳŀƧƻǊ ƳƛƎǊŀǘƻǊȅ 

routes (Environment and Climate Change Canada, 2018). Migratory birds use the wetlands as a stopover 

site, including provincially listed species such as tundra swan (Cygnus columbianus (Ord, 1815)) which is 

ƻƴ ǘƘŜ ./ .ƭǳŜ [ƛǎǘ ΨƻŦ ǎǇŜŎƛŀƭ ŎƻƴŎŜǊƴΩ ǿƛǘƘ ŀ tǊƻǾƛƴŎƛŀƭ /ƻƴǎŜǊǾŀǘƛƻƴ {ǘŀǘǳǎ ƻŦ {оb όǎǇŜŎƛŀƭ ŎƻƴŎŜǊƴΣ ƴƻƴ-

breeding population). The Columbia Wetlands Waterbird Survey, which covered approximately 39% of 

the total Columbia Wetlands area, documented 41,095 birds of 90 different species in 2019 present in the 

wetlands; over the five years of the survey, 163 bird species were documented, with a maximum single 

day count of 20,822 individuals on 15th October 2016 (Darvill, 2020). 

The Columbia Wetlands face several threats, one of the most concerning being climate change (Hopkinson 

et al., 2020; Utzig, 2021). The Columbia Wetlands are particularly sensitive to climate change as 

mountainous regions experience accelerated temperature increases and changes to precipitation due to 

climate change compared to the global land average (Peppin et al. 2022). While results globally are 

inconclusive (Rangwala and Miller, 2013), glaciers are shrinking in western North America due to 

increasing temperatures, with some having retreated up to 2 km since 1900. Corresponding decreases in 

streamflow have been recorded, including in the Canadian Rocky Mountains (Moore et al., 2009). Across 

the Rocky Mountains, particularly in the Northern Rockies and Upper Columbia River, the observed late 

20th century snowpack declines resulting from springtime warming are almost unprecedented in 

magnitude, with corresponding impacts on streamflow and water supply (Pederson et al., 2011). 

!ƴƴǳŀƭ ǘŜƳǇŜǊŀǘǳǊŜǎ ƛƴ ǘƘŜ /ƻƭǳƳōƛŀ ²ŜǘƭŀƴŘǎ ƘŀǾŜ ŀƭǊŜŀŘȅ ƛƴŎǊŜŀǎŜŘ ōȅ мɕ/ ŀƴŘ ŦǳǊǘƘŜǊ ƛƴŎǊŜŀǎŜǎ ƻŦ н 

ɕ/ ǘƻ п ɕ/ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ό¦ǘȊƛƎΣ нлнмύΦ /ƘŀƴƎŜǎ ǘƻ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ŀƳƻǳƴǘǎΣ timing, and form are also 

predicted by climate models, with less snow and more rain falling in the Columbia Valley (Utzig, 2021). As 

the Columbia Wetlands are dependent on natural flood pulses, which are primarily driven by snowmelt 

and rainfall (Makaske et al., 2009), the decreasing snowpack of the Canadian Rockies and changes in 

precipitation are a direct and urgent threat to the hydrology of the Columbia River and its floodplain 

wetlands. There is less water in the Columbia Wetlands today than historically (Brahney, et al., 2017) and 

current projections indicate that there will be increasingly less water in the future (Utzig, 2021). 

Reductions in peak and annual flows in the Columbia Valley may have detrimental effects on the Columbia 

Wetlands. Many of the individual wetlands within the Columbia Wetland Complex have levees that are 
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responsible for containing the water within the wetlands; these wetlands require that the Columbia River 

achieve a flow that overtops the levees in order to recharge them. Some of these wetlands have one or 

more gaps in the natural levees that enclose them, allowing for greater connectivity to the Columbia River 

as water is able to flow through these gaps before the river floods enough to overtop the levees. The 

Columbia River does not flood to overtop the levees every year, only doing so in approximately half of the 

time (Suzanne Bayley, pers. comm.) meaning that these levee gaps are the only way that water is able to 

enter the wetlands in years when the river does not flood over the levees.  

An area of research that is currently not well understood is how the presence of beaver dams in wetland 

levee gaps may either hinder water entry during the flood or assist in water retention after the flood. With 

climate change reducing the amount of water entering the Columbia River, whether or not water can 

enter wetlands without overtopping the levees is a question of concern. Beavers may provide some 

natural mitigation of the effects of climate change on the Columbia Wetlands by increasing wetland 

resilience and complexity, and specifically by increasing open water area (Hood and Bayley, 2008). Beavers 

are a crucial part of many wetland systems and have long been recognized as both ecosystem engineers 

and as animals that provide many ecosystem services. They increase the complexity of wetland habitats, 

and have profound ecological, hydrological, and geomorphological effects (Larsen et al., 2021; Thompson 

et al., 2021; Westbrook et al., 2006) such as decreasing temperature extremes, providing carbon storage, 

increasing the diversity and abundance of other organisms across many taxonomic groups, and 

moderating extreme flow changes (Bouwes et al., 2016; Nummi et al., 2019; Nummi and Holopainen, 

2020; Thompson et al., 2021; Wohl, 2013). They provide a foundational structure to wetlands and are 

increasingly important parts of wetland and watercourse re-naturalization and management plans 

(Colleen and Gibson, 2000; Nummi and Holopainen, 2020). 

This project aims to combine hydrological and ecological research to better understand the Columbia 

Wetland Complex and the individual wetlands within it, including a hydrological classification of different 

wetland types we see within the Columbia Wetlands and the ecological consequences of their differences. 

We are also assessing the vulnerability to climate change of the wetlands complex as a whole and within 

those hydrological wetland classes, and the potential for beaver dam analogues (BDAs) as a low-tech and 

relatively natural restoration technique.  
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2.0 Wetland Hydrology Analysis 
The study area for this project includes the Upper Columbia Watershed between Columbia Lake and 

Golden, with field investigation focused on the north-central portion of this area (Figure 1). The area 

encompasses high elevation mountain ranges including the Rocky Mountains to the east and the Columbia 

and Purcell Mountains in the west, separated by a deep post-glacial valley known as the Rocky Mountain 

Trench. The region extends from under 800 m above sea level (a.s.l.) in the Rocky Mountain Trench, to 

over 3,500 m a.s.l. at the highest mountain peaks in the Rocky Mountains. Total mean annual precipitation 

is around 450 mm. The region predominantly consists of coniferous forests below 2,200 m a.s.l. and alpine 

grasslands and talus above. Within the Rocky Mountain Trench, the Columbia River flows slowly, creating 

a braided system of wetlands within the wide valley.  

The Columbia Wetlands complex is approximately 180 km long and over 26,000 ha in area (Environment 

and Climate Change Canada, 2018), stretching from Columbia Lake in the south to Golden in the north. 

Within this larger area, 40 wetlands sites have been studied in detail (Figure 1; Appendix 1). Unfortunately, 

some sites have been lost, either due to environmental factors, malfunctions, or unknown issues, and 

some sites have been added over the three years of data collection. For the purposes of the hydrologic 

analysis, only the 35 sites with two or more consecutive years of data between 2020 and 2022 were 

included.  
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Figure 1. Map of the individual wetland sites studied in this project. 

2.1 Wetland Hydrology and Classifications  

Several hydrological and geomorphic variables were collected from 2020 to 2022 at 35 different wetlands 

throughout the Columbia Valley. Hobo U-20 water level loggers were used to measure water levels (m) at 

ƛƴŘƛǾƛŘǳŀƭ ǿŜǘƭŀƴŘǎΣ ŀǎ ǿŜƭƭ ŀǎ ƻƴ ǘƘŜ /ƻƭǳƳōƛŀ wƛǾŜǊ ŀǘ .ƻǘǘΩǎ /ƘŀƴƴŜƭ ƴŜŀǊ .ǊƛǎŎƻ ŀƴŘ ƻƴ ǘƘŜ /ƻƭǳƳōƛŀ 

River at the Spillamacheen Bridge. Water level loggers were installed each year in May and removed in 
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October. Water levels(and temperature) were collected at 4-hour intervals and corrected with a 

barometric pressure sensor located at Brisco.  

Information on geomorphic characteristics of each wetland were collected, including: the count of beaver 

dams located within 10 m of the wetland (DamNo10), the total width of wetland gaps that allow river, 

creek, or between wetland water inflow or outflow (TFGapW), and the area of the wetland (Area). Water 

levels, geomorphic characteristics, and conductivity were then used to develop a conceptual 

understanding of wetland water balances to infer the predominant water sources and fluxes to assist in 

identifying vulnerable wetlands. The range of continuous initial variables was standardized by subtracting 

the mean and dividing by the standard deviation for each value of each variable. Further, a Principal 

Component Analysis (PCA) was conducted using hydrograph variables, geomorphic characteristics, and 

wetland water conductivity to explore the different wetland groups, where wetlands were grouped into 

one of five groups (A, B, C, D, or E) depending on their hydrograph and geomorphic characteristics. 

Wetland hydrographs over the past three years can be seen in Figure 3 to Figure 10, grouped by their 

wetland type.  

A framework of first-order controls and wetland variables were then used to further group the wetlands 

ƛƴǘƻ ǘƘǊŜŜ ǘȅǇŜǎ ōŀǎŜŘ ƻƴ ǘƘŜ ǿŜǘƭŀƴŘΩǎ ŎƻƴƴŜŎǘƛǾƛǘȅ ǘƻ the channel network. The first-order controls 

include topography, topology, and typology (Buttle, 2006). Topography refers to the geomorphic setting 

of the wetland. Topology reflects the relative role of the wetlands in modulating water inputs from 

contributing slopes and a measure of the degree of hydrologic connectivity with the steam network. 

Topology also deals with whether a wetland shows continuous or discontinuous (both in time and space) 

hydrologic connectivity. Lastly, typology refers to the predominant hydrologic fluxes (vertical versus 

lateral) and characterizes the relative residence time of water held within wetlands before making its 

way to the stream channel. The three types of wetland connectivity in the 35 wetlands studied are 

continuous connectivity, discontinuous connectivity, and no connectivity (  
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Table 1). 

Wetlands with continuous connectivity include wetlands with a group A hydrograph. These wetlands have 

a relatively high degree of hydrologic connectivity with the channel network. Geomorphic data indicates 

all wetlands are connected to the main river channel via a gap in the levee (Appendix 2). Water levels in 

these wetlands have a similar hydrograph response to water levels measured in the Columbia River at 

{ǇƛƭƭƛƳŀŎƘŜŜƴ .ǊƛŘƎŜ ŀƴŘ .ƻǘǘΩǎ /ƘŀƴƴŜƭ (Figure 2). Therefore, these wetlands experience water level 

fluctuations as river levels rise and fall (i.e., exhibit a flashier hydrograph). The Columbia River was 

unfortunately not monitored at the same location for all three years as the logger at the Spillimacheen 

.ǊƛŘƎŜ ǿŀǎ ƭƻǎǘ ƛƴ нлннΣ ŀƴŘ ǘƘŜ нлнм ǎƛǘŜ ƛƴ .ƻǘǘΩs Channel was washed away in 2021. However, river 

levels for the different years show the relative hydrograph trends each year. Years 2020 and 2021 saw 

sharper and more sudden increases during freshet. Due to the cool, late spring in 2022, the Columbia 

River did not spike in the same manner with a sharp peak flow in late June/early July as it did in 2020 and 

2021. Instead, the hydrograph shows a more rounded out response with high water occurring in June and 

remaining high throughout July. Group A wetlands show a similar trend with sharper water level peaks in 

2020 and 2021 and a more rounded out peak in 2022 (Figure 3 to Figure 5). 
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Table 1 Description of topology (i.e., refers to degree of hydrologic connectivity with the main channel network and degree of 
connectivity over space and time), typology (i.e., refers to the hydrograph response, which infers the predominant hydrologic 
fluxes and relative residence time of water held in wetland), and topography (i.e., refers to geomorphic setting of the wetland). 

Topology Typology Topography Wetland Group 

Continuous 
connectivity 

Response fluctuates 
with rise & fall of river 
stage 

River gap Group A 

Discontinuous 
connectivity  

Responds post-
overbank or overdam 
flooding, easily drains 
overflow 

River gap, creek gap or 
between wetland gap; 
gap and/or dam 
elevation 

Group B 

Group C 

No connectivity Responds post-
overlevee (overdam) 
flooding, slow drainage 

No gap; levee (or dam) 
elevation 

Group D 

Group E 
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Figure 2. Water levels on the Columbia River at the Spillimacheen Bridge for 2020 and 2021 and in the Botts Channel of the 
/ƻƭǳƳōƛŀ wƛǾŜǊ ŦƻǊ нлнл ŀƴŘ нлннΦ ¢ƘŜ {ǇƛƭƭƛƳŀŎƘŜŜƴ wƛǾŜǊ ƎŀǳƎŜ ǿŀǎ ƭƻǎǘ ƛƴ нлннΦ ¢ƘŜ .ƻǘǘΩǎ /ƘŀƴƴŜƭ ǎƛǘŜ ǿŀǎ ƭƻǎǘ ƛƴ нлнм ŀƴd 
was reinstalled at a nearby, more secure location within the river channel in 2022; water levels between years are therefore not 
comparable, but the hydrograph trends are. The base level of the hydrographs differ due to the location of the logger. The 
hydrograph trends are similar, however.    
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Figure 3. Water levels at five of the fifteen group A wetlands. 



16 

 

Figure 4. Water levels at five of the fifteen group A wetlands. 
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Figure 5. Water levels at five of the fifteen group A wetlands. 
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Wetlands with discontinuous connectivity appear to have an inlet/outlet with inflow and outflow 

dependent on the elevation of a beaver dam (overdam flooding) or the bank elevation of the gap in the 

levee (overbank flooding) or the bank elevation of the adjacent wetland (overbank flooding), where the 

adjacent wetland is connected via gaps to the channel network. Geomorphic data indicate most wetlands 

have gaps that allow inflow of river, creek, or adjacent wetland surface water, but the rate and magnitude 

of inflow is dependent on exceeding the elevation threshold. Wetlands with group B and C hydrographs 

are in this group (Figure 6 to Figure 8).
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Figure 6. Water levels at five of the ten group B wetlands. 
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Figure 7. Water levels at five of the ten group B wetlands. 
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Figure 8. Water levels at the group C wetlands. 
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The wetland water levels in group B typically did not show a response until the early June peak and had a 

faster maximum annual peak recession rate, while wetland water levels in group C had a more subdued 

response during the early June peak and maximum annual peak events. The differences in response 

between group B and C are likely due to the elevation threshold and the water level needed to exceed the 

threshold for flooding. These wetlands also had a faster recession rate compared to hydrographs of groups 

D and E (Figure 9 and Figure 10), which may be due to an apparent outlet that allows water to more easily 

drain. This wetland type is less connected to the channel network via surface pathways and the water 

level changes would be a result of overbank (overdam) flooding, groundwater inflow, drainage and loss 

to evapotranspiration. 

 

Figure 9. Water levels in the group D wetlands.



23 
 

 

Figure 10. Water levels in the group E wetlands.
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Wetlands with no connectivity are not directly connected to the channel network via gaps in the levee. 

Geomorphic data indicates there were no gaps that moved water into these wetlands. Rather, wetlands 

likely respond to unchanneled surface inflow because of over-levee flooding as the river stage rises. The 

wetland water levels in group E (Figure 10) did show a response to the early June peak event and had a 

slower maximum annual peak recession rate that resulted in a higher water level at the end of the season 

compared to the spring. In contrast, group D had no distinct early June peak response (Figure 9) likely due 

to the influence of dams but had a slow maximum annual peak recession rate like group E. The slow 

drainage and higher storage in this wetland type is likely a result of no apparent surface outlet. These 

wetlands would experience high rates of evapotranspiration in the summer period. 

To determine the distribution of broad wetland types across the entire Columbia Valley study area, 

remotely sensed imagery was combined with the study wetland classifications to delineate distinct 

wetlands throughout the study area from Invermere to Parson (Figure 11). Wetland boundaries were 

distinguished and areas were calculated using ArcGIS in conjunction with various imagery sources and 

vegetation mapping. In doing so, a fourth classification of wetland was discovered, those being unconfined 

wetlands. 

 

Figure 11. Map of the Columbia Valley from Canal Flats to Golden, with settlements marked.  
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Unconfined wetlands are wetlands where levees are missing in large areas and where the river 

continuously flows through the wetland. It is difficult to distinguish floodbasins in unconfined wetlands 

within the Columbia Valley floodplain, as they have no natural levees delineating the individual wetlands. 

Only one of the study wetlands (and none of the 35 wetlands with two or more years of hydrometric data) 

belong to this category as the unconfined nature makes these wetlands difficult to distinguish from each 

other and the river. 

In a GIS analysis of the entire wetlands from Fairmont to Donald, we estimate that most of the wetlands 

are fully connected with the main Columbia River. Figure 12 shows that most of the Columbia Wetlands 

complex comprises wetlands highly connected to the main river (50%, or 10,200 ha). 25% of the wetlands 

are unconfined wetlands with almost no levees, where the river flows through freely. Hence about 75% 

of the entire Columbia Wetlands complex are of this type, flooding completely with the flood pulse in the 

late spring and early summer and draining out in late fall and winter, retaining very little open water by 

the early spring.  

Partially connected and isolated wetlands collectively comprise approximately 25%, or 5375 ha, with 13% 

being partially connected wetlands and 12% isolated wetlands (Figure 12). These are the wetland types 

that retain water over the winter and in the early spring, thus providing essential habitat for migratory 

waterbirds (discussed in more detail in below section 4.2). Knowing that only about 25% of the Columbia 

Wetlands complex retains water until spring is important for management decisions, such as the potential 

installation of artificial beaver dams to enhance the area for migrating birds in spring.   

  

Figure 12. Proportion of the 20,000 ha Columbia Wetlands connected to the main Columbia River. The unconfined and 
connected wetlands are fully connected to the Columbia River. Partially connected and isolated wetlands have restrictions which 
reduce the flood pulse and reduce the drainage out of the wetland.  

2.2 Wetland Water Balances 

A daily volumetric water balance was calculated from May 15 - September 30, 2020, 2021, and 2022 for 

all monitored wetlands using the following equation: 
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ҟS=P-E+Qi-Qo+Gi-Go  (4) 

ǿƘŜǊŜΣ ɲ{ ǿŀǎ ǘƘŜ ŎƘŀƴƎŜ ƛƴ ǿŜǘƭŀƴŘ ǎǘƻǊŀƎŜ ǾƻƭǳƳŜ όƳ3), P was precipitation as rainfall, E was actual 

evaporation (m3), Qi was the inflow and Qo was the outflow of surface water (includes both channelized 

and unchanneled flow), and Gi was the inflow and Go was the outflow of groundwater. The difference 

between water balance inputs and outputs was used to estimate the net volume of surface and 

groundwater flow (Net) for the wetland as these water balance terms were difficult to measure or 

estimate in the field. Therefore, the water balance was estimated as: 

bŜǘҐҟ{-P+ET (5) 

The Net term would also include any cumulative error in the measurement and calculation of the water 

balance components. A combination of daily wetland water level records, various weather data including 

rainfall data, daily average minimum and maximum air temperature (°C), relative humidity (%), and wind 

speed (m s-1), wetland survey data of the lowest estimated point in each wetland, and maximum surface 

area of the wetland delineated from LiDAR imagery and orthophotos were used to calculate wetland 

water balances.  

The total monthly (June, July, and August) and growing season (May 15 ς September 30) volumetric water 

balances were calculated for each wetland, averaged over all three years of study. The total growing 

season water balance by type indicated continuously connected wetlands (group A) had the greatest Net 

value compared to the other groupsError! Reference source not found.. Conceptual wetland water 

balances for wetlands continuously connected (group A), discontinuously connected (group B and C), and 

not connected (group D and E) to the channel network. Values represent the total growing season and 

are presented in m3 with mm in brackets (Figure 13). Continuously connected wetlands had the lowest 

P:E ratio (1:3) compared to wetlands that are not connected and discontinuously connected (1:4).  

 

Figure 13. Conceptual wetland water balances for wetlands continuously connected (group A), discontinuously connected (group 
B and C) and not connected (group D and E) to the channel network. Values represent the total growing season and are 
presented in m3 with mm in brackets. 
























































































































