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N4 – Predicting changes in hydrology and 
transboundary flows to the NWT
1) Improved regional scale modelling for wetland systems and 

responses to permafrost decline
2) Revised permafrost and hydrological landscape evolution models 

for long term prediction of hydrological landscape changes
3) Improved assessment of scaling effects and emergent hydrological 

response in Taiga Plain landscapes
4) Improved predictions in the Mackenzie basins addressing influence 

of permafrost decline (N12) 



Outline
Combine various improvements to process understanding 
including:

• Regional Model
• Liard Basin Model
• River Ice

• MacKenzie mountains

• Modelling Wetlands

• Modellling Permafrost
• 2D
• Distributed

Into better hydrological understanding and predictive ability



Liard Basin Hydrological Model 

• Platform for evaluating modeling 
improvements
• Transboundary hydrological 

forecasting
• Open water and ice related 

flooding – Risk to Nahanni Butte, 
Fort Liard & Fort Simpson

Total Area = 
277,000 km2

Source: CBC News



Liard Basin - Background 

Scotty Creek



Hydrological Model Development

• Calibration focuses on exploiting 
available data, producing right 
results for right reasons
• Multi-criteria
• Internal processes (ET, snow, flow 

sources)
• Stepwise modifications to model 

structure



Basin Wide Results

Station ID Station Name
Calibration Validation

RAVEN MESH RAVEN MESH
NSE % Bias NSE % Bias NSE % Bias NSE % Bias

10AA001 LIARD RIVER AT UPPER CROSSING 0.86 4 0.70 16 0.83 0 0.82 1
10EB001 SOUTH NAHANNI RIVER ABOVE VIRGINIA FALLS 0.66 -9 0.33 -22 0.76 -4 0.46 -23
10ED001 LIARD RIVER AT FORT LIARD 0.80 7 0.68 10 0.83 7 0.81 -4
10ED002 LIARD RIVER NEAR THE MOUTH 0.68 7 0.73 8 0.72 11 0.78 -5



Wetland Dominated Basins
Initial Model Structure



Wetland Dominated Basins
Modified Model Structure



Nahanni Karst System

From Hartmann, Goldscheider, Wagener, Lange & Weiler (2014)

From Ford (2009)



Integration of River Ice Processes

• Integration of 1D ice model into Raven 
• Simulation of freeze up, ice growth and decay, and breakup timing
• Useful in data sparse regions with limited resources



Lessons Learned in the MacKenzie Mountains

Geoff Kershaw



Scientific 
Advancements

• Geophysical 
measurements (GPR, ERT)
• Characterize sediment
• Gauge streams 
• Isotopic analysis
• UAV mapping



Citizen Science

Geoff participates in Earth Watch each 
year:
• Teaching groups of international 

students on site in the Mackenzie 
mountains. 
• Engaging local Indigenous communities 

both in the NWT and in the Yukon (note 
that communities in both locations use 
the land adjacent to the Canol Trail 
where Geoff’s study site is located).



Scientific 
Advancements

All of the measurements above 
make an important contribution 
to the overall development of 
hydrological models in mountain 
discontinuous permafrost 
environments.



Wetlands

Mahkameh Taheri



Upscaling bog cascades



Permafrost

Runoff produced from secondary contributing areas

Discharge from 2013 was estimated solely from
manual measurements (Figure 7) because of low
confidence in pressure transducer data (refer to method-
ology section). Although the diurnal cycles in the water
level records in 2013 may be amplified (Figure 7B), the
water level records are still reliable for determining the
seasonal water level in the drainage channels. After flow
in the drainage channels ceased (i.e. the water table
dropped below the crest of the v-notch weir), field visits
and water level records both indicate that surface flow did
not resume over the course of the summer. The vented
pressure transducers used in 2014 did not display the
same diurnal anomalies that were observed in 2013,
further verifying that diurnal fluctuations in 2013 were
caused by imprecise barometric pressure readings.
Rating curves were developed in 2014 to create a

continuous discharge hydrograph (Figure 8). Correlation
between rating curves and manual measurements was
strong (R2 values between 0.92 and 0.96) for all three
terminal drainage channels. Four summer rain events in
2014 were sufficient to re-introduce surface flow in the
east cascade (represented by flow at connection E-5). The
W-6 drainage channel exhibited a strong diurnal response
to snowmelt with flows peaking at 19:00 on 28 and 29
April; however it was not able to sustain large flows after
this period. The northwest outlet from bog W-3
(connection W-3A) produced steady discharge in re-
sponse to snowmelt for about four days as water was

slowly drained from the large bog. Peak snowmelt runoff
in the east cascade (connection E-5) lagged the W-6 outlet
by five days but maintained steady flows for two weeks
after runoff commenced. The low flow period for three
days before peak flow in the east cascade was verified by
field measurements.
To quantify the error resulting from only using manual

measurements in 2013, the same process was used to
calculate discharge in 2014 and compared to the
hydrographs derived from the water level recorders. The
error between manual measurements and hydrographs
produced from water level records in 2014 is 8%, which
provides confidence in the 2013 manual measurements.

Impact on water budget

A notable result from this study is the difference in
magnitude of runoff produced from two bog cascades that
are on the same peat plateau complex. Table I shows the
total discharge and runoff for the two bog cascades for
2 years. In 2013, the east cascade produced 74mm of
runoff, whereas the west cascade produced just 18mm. In
2014, runoff decreased in both cascades because of drier

Figure 7. a) Discharge from the three terminal drainage channels in 2013.
Channel E-5 was snow-choked until peak flows began May 13; b) water
level records from channel W-6. The diurnal fluctuations are thought to be
an artifact of the barometric pressure transducer being exposed to ambient
air temperature fluctuations and not a response of the water level in the
channel. The elevation of the crest of the v-notch is indicated by the

dashed line

Figure 8. Total discharge in 2014. a) Hydrograph from the east cascade
for the entire season. Snowmelt dominates the hydrograph, however
response to rain events is evident; b) hydrographs for the three terminal
connections during snowmelt, 2014 (no substantial rain events during this
period). The peaks from channel W-6 occur around 19:00 each day and are

likely a response to daily snowmelt

3840 R. F. CONNON ET AL.
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2D Finite element Model

Erfan A. Amiri

• Non – isothermal 
phase change
• Discontinuous 

permafrost
• Lateral heat flow
• Slumping edge effects
• Heterogeneous media



Interface Model

Élise Devoie
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Future Modelling of Landscape Change

• Lateral thaw models
• Remote sensing
• Inform Raven and/or 

MESH models to predict 
hydrologic impact of 
landscape change

SCIENTIFIC BRIEFING

Figure 1. The area of the 1-km2 subset area of Scotty Creek, Northwest Territories, Canada underlain by permafrost in 1947, 1970, 1977, 2000, and
2008

all of which appear to be due to widespread permafrost
thaw. For example, in August 2002, an instrumented
soil pit was 8 m from the edge of the channel fen and
0Ð6 m above it. By August 2008, the same pit was at the
edge of the fen and had subsided to the fen’s elevation.
Such changes were not the result of rising water levels
in the surrounding wetlands, as the variations in water
level around the plateau were relatively minor through-
out the 1999–2009 observation period. For instance, for
the period since June 2003, while a common elevation
datum was used, the difference between the lowest and
highest water level in the fen was only 0Ð36 m.

Following the initial measurement of 41Ð6 m in June
1999 (Figure 2a), the permafrost plateau width steadily
declined over the 1999–2009 period. By September
2009, it had decreased to 24Ð2 m (Figure 2b). Of the
17Ð4 m decrease, the majority (11Ð8 m) thawed on the
side of the plateau bordering the channel fen. Over the
1999–2009 period, the average depth of thaw of the
transect points at the end of the summer (late August to
early September) increased by over 0Ð3 m (Figure 2b).
These observations indicate that the permafrost thaw in
this terrain is driven by both horizontal and vertical heat
flows. Over the last 3 years (2006–2009), the end-of-
summer thaw depth increased on average by 0Ð34 m
(SD D 0Ð20 m), and the GS subsided on average by
0Ð13 cm (SD D 0Ð12 cm) (Figure 3).

Data from the instrumented soil pits indicate that the
temperature of the active layer has steadily increased

since monitoring began in 2001. For instance, the
maximum annual temperature at the depth of the deepest
sensor (0Ð7 m) increased with each successive year
between 2001 (2Ð0 °C) and 2009 (8Ð1 °C). The thaw depth
transect measurements also indicated the development of
several preferential thaw zones that persisted from year to
year. Since 2006, the maximum thaw depth exceeded the
length of the graduated rod (i.e. 1Ð3 m). Such observa-
tions have helped in guiding initial studies on permafrost
thaw mechanisms, which in turn have led to a new con-
ceptual model of preferential thaw leading to permafrost
thaw. Key processes include tree canopy thinning, which
increases radiation loading to the GS, leads to a local
thaw depression toward which subsurface water drains,
and therefore an area of increased soil moisture content
with concomitant increased bulk thermal conductivity.
More thermal energy is then transferred into the ground,
further deepening and broadening the thaw depression,
leading to surface saturation, loss of tree canopy, more
energy loading at the GS, and eventually to a local loss
of permafrost (Quinton et al., 2009). Ground observa-
tions suggest that this conceptual model also applies to
linear disturbances. Where these features traversed per-
mafrost plateaus, the black spruce canopy was felled and
the ground has since thawed and subsided, resulting in
a grid of linear, permafrost-degraded or permafrost-free
corridors, which potentially allow isolated bogs to drain
and hydrological connections among bogs, fens, and per-
mafrost plateaus to form.

Copyright © 2010 John Wiley & Sons, Ltd. 155 Hydrol. Process. 25, 152–158 (2011)
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Quinton et al., 2011 Shaghayegh Safsari



Links to GWF Modelling Goals

• Integration of permafrost and wetland models into GWF pan-
Canadian modelling efforts
• MESH and VIC do not have adequate process representation
• Lateral permafrost thaw
• Wetland processes

• Support improved prediction of hydrological response under 
future climate conditions, including influence of permafrost 
decline



Conclusion
Good progress!
1) Regional scale modelling for wetland systems and 

responses to permafrost decline
• Bog cascade model
• Landscape change

2) Landscape evolution models for long term prediction 
of hydrologic changes
• 2D permafrost model
• Landscape change

3) Scaling effects and emergent hydrological response in 
Taiga Plain landscapes
• Interface model
• Bog cascade model

4) Predictions in the Mackenzie basins addressing 
influence of permafrost decline (N12) 
• Liard model 
• Mackenzie fieldwork



Questions?


