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IP3 Research 

Process Research

- Runoff and soil hydrological processes in a discontinuous permafrost 

catchment (Jessica Boucher, Celina Zeilger, Dr. Michael Treberg)

Parameterization Research

- Soil freezing and infiltration/redistribution algorithms (Dr. Yinsuo

Zhang)



The Wolf Creek Research Basin

Location:
60o31 N, 135o 31’ W

Area:
Approx. 200 km2

Elevation Range:
800 to 2250 m a.s.l.
(3 ecozones)

Mean Annual Precipitation:
300 to 400 mm (40% snow)

Mean Annual Temperature:
-3 oC



Map Courtesy Antoni Lewkowicz, U. of Ottawa

Permafrost Distribution within Wolf Creek



 8 km2

 largely above tree-line

 >75% underlain with permafrost

Granger sub-basin



The big (and old...) questions

• Where does the water come from?

• How does it get to the stream?

• What are we missing here?



Process Hits and Misses



Techniques

• High-frequency Sampling

• Synoptic Sampling

• Hydrometric

• Hydrochemical



GB_01

GB_02

GB_03

GB_04

GB_03     1.5 km2

Tundra vegetation

GB_04   2.1 km2

Stony soils, some lichen

GB_02    2.9 km2

Birch dominated
GB_01    1.1 km2

Willow dominated



• All HRUs contribute water to the 

stream in approximately equal 

volume.

• Much greater deep 

groundwater flow than 

previously reported or 

anticipated. 

• Role of channel ice/snow to be 

investigated



How can we get a handle on channel processes?





Adventures in GPR











Water table – discharge patterns

Near-stream Away from stream



Thermal energy controls on active layer development
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How has IP3 influenced catchment 

hydrological thinking?

0

363

10

158

20

5

30

1.8

cm (thaw depth)

m d ( )
-1 

Kf

snow-covered, no subsurface flow

19  May

7  J une

3 0 Apr il

2 5 Apr il

10050

m

0

High K
s

transition

low K
s



Parameterization!



Soil Freezing and Infiltration: Two Key Cold Processes

• Frozen ground status exerts a dominant control on 
infiltration, subsurface redistribution and runoff

• Most land-surface and hydrological models have not been 
evaluated against field data in cold regions

• What are the right choices and why?



Scotty Creek Peat Plateau 

61°18’N, 121°18’W, 280 

m
Organic layer Depth: ~3 m

Permafrost Table: >0.7 m

Wolf Creek Forest Site

60°36’N; 134°57’W, 

750 m
Organic layer Depth: ~0.1 m

Permafrost Table: N.A.

Wolf Creek Alpine Site

60°34’N; 134°09’W, 

1615 m
Organic layer Depth: ~0.03 m

Permafrost Table: >0.2 m

Granger Creek North 

Facing Slope 

60°33’N, 135°11’W, 

1338 mOrganic layer Depth: ~0.35 m

Permafrost Table: >0.4 m

Wolf Creek North Facing 

Slope 

61°31’N, 135°31’W, 

1175 mOrganic layer Depth: ~0.23 m

Permafrost Table: N.A.

Wolf Creek South Facing 

Slope

61°18’N, 121°18’W, 

280 mOrganic layer Depth: 0.0 m

Permafrost Table: N.A.

Sites



ATIA

TDSA

HMSA

FD-DECP

FD-AHCP

Thaw/Freeze

GA-SHAW

ML-CLASS

IT-TOPO

GRAY-IN

ZHAO-IN

Infiltration

Abbreviations

ATIA Accumulated Thermal Index Algorithm

TDSA Two Directional Stefan Algorithm

HMSA Hayashi’s Modified Stefan Algorithm

FD-DECP Finite difference numerical scheme with the Decoupled Energy 

Conservation Parameterization

FD-AHCP Finite difference numerical scheme with the Apparent Heat 

Capacity Parameterization

GA-SHAW Modified Green and Ampt algorithm for non-uniform soils

ML-CLASS Modified Mein and Larson algorithm for non-uniform soils

IT-TOPO Instantaneous infiltration algorithm in Topoflow

GRAY-IN Gray’s empirical infiltration algorithm

ZHAO-IN Zhao and Gray’s parametric infiltration algorithm

Soil Freezing and Infiltration: Two Key Cold Processes



Soil Parameterizations Examined

Complete-Johansen

Common-Johansen

De Vries’s Method

Soil thermal 
conductivity

Clapp and Hornberger (CH-Para)

Brooks and Corey (BC-Para)

van Genuchten (VG-Para)

Soil hydraulic conductivity and retention 
curves

Power function (UFW-PF)

Segmented linear function (UFW-SL)

Water potential-freezing point 

depression function (UFW-WP)

Unfrozen water content 

Exponential function (EP-Ice)  

Squared function (SQ-Ice)

Linear function (LN-Ice)

None

Ice impedance factors



Results-soil hydraulic property parameterization

Comparison of three 

parameterisations for soil water 

retention curves

Comparison of three 

parameterisations for soil hydraulic 

conductivity 
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Thermal Modelling



Infiltration/Percolation Modelling



Assess ALL common algorithms against each other with 

high-quality data set. 

Provide list of ‘best practices’ based on different levels 

of data availability

What were we able to do?





But…. We could never measure all of what we were 
modelling…… so we needed to build something….

Multi-Function Heat-Pulse Probes (MFHPP)

Design a sensor that is able, real time, to measure all water 

components (solid, liquid) below zero.



Multi-Function Heat-Pulse Probes (MFHPP)



What is Heat Pulse Probe (HPP)

∆T = f (C, q, t0, t, r)      Determines     C

C = Σ (Cmθm + Coθo + Clθl + Ciθi ) Determines θl , θi

40 mm

6 mm

Heater

Temperature 
sensors

6 mm



Mathematical solutions…. never 

meant for freezing conditions

1. Instantaneous Infinite Line Source (IILS)

2. Pulsed Infinite Line Source (PILS)

3. Finite Difference Numerical Model (FDNM)
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Bottom line: we (mostly) figured it out!



Measurement errors of total moisture content (θT) as determined by the HPP using the 
numerical model FDNM under different initial soil temperature (Tini) and heating pulse 
durations (t0).

Bottom line: we (mostly) figured it out!





And the work goes on…….Thank You CFCAS


