Parameterizations of organic-covered permafrost soils in land surface and hydrological models
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INTRODUCTION

Close to one-third of the earth’s surface is underlain with permafrost and much of the permafrost
terrain is covered with a surface organic layer of various depths. The need to improve
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hydrological models have been well recognized in recent decades. However, progress has been .Pe""a'msll £ 1 § wi i Zior] o osservaton e potentl |
hindered by (a) the complexity and variability of the soil system associated with thawing/freezing i =1 : F wiE E0] T oru
processes and organic cover and (b) the shortage of high quality field data due to the technical xn § £ niencotan o £ % 01 2 o] —— cHPaa

and logistic difficulties imposed by the harsh environments. Large variations exist in the
parameterizations of thermal and hydrological processes in current land surface and
hydrological models. Many of them were developed and validated in soil and climate conditions
different from those in permafrost regions. In this study, efforts have been made to examine the
most important thermal and hydraulic parameterizations and their effects on the simulations of
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ground thawing/freezing and infiltration/runoff processes against detailed measurements and simulations with three soil  using three unfrozen water potential-soil temperature several organic soils and besl of 16 soil samples from Wolf Creek  ice impedance
obtained at six field sites in Canada’s discontinuous permafrost region. The tested algorithms and el L coupled with three water fitting curves with three and fitting curves with three parameterisations

parameterizations include:

parameterizations.

retention parameterizations

common parameterisations

common parameterisations

» Five thawing/freezing algorithms
= Five infiltration algorithms CONCL US'ONS
=% Three soil thermal conductivity parameterisations
» Three soil hydraulic property parameterisations A ot Creck Nor eI G o7 » All the empirical and semi-empirical algorithms to quantify ground thawing depth and water infiltration are
® Three unfrozen water parameterisations . - p i'f"ln_ﬂ"ﬁ‘ﬂé.‘.’.'ﬁﬂ-" ‘e 61731 IS5 subject to site specific parameter calibration, thus are not suitable for land surface and regional hydrological
» Three parameterisations of ice impedance to hydraulic conductivity 4% ., models that normally operate across various site conditions
» Numerical models with an apparent heat capacity treatment gives the most accurate simulation of ground
TESTED ALGORITHMS AND PARAMETERISATIONS thawing/freezing depths in permafrost sites as long as appropriate time and spatial resolutions are configurated
and accurate ground surface temperature is supplied.
Categories “Algorithms | Parameterisations Abbreviations | Key References RESULTS = Both analytical algorithms modified for non-uniform soil from Green-Ampt and Mein-Larson methods could
o U e ([ EY AT ST Notson and o calt, 1997; Hinkel and simulate the infiltration into organic covered frozen and unfrozen soils reasonably well as long as soil thermal and
Thawing Two Directional Stefan Algoriihm TOsA Woo et al, 2004 i, et al. 2008 i : Ei hydraulic properties are appropriately parameterised and soil thawing depth is accurately represented.
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o Hayashi's Modified Stefan Algorithm HMSA Hayashi et al, 2007 ground thawing and : gound thawng and ™ De Vries” parameterisation is recommended as the best method to parameterize the thermal conductivity in
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: sets of model run 21 7 o L o - Ny . . . . . " .
Modified Green and Ampt algorithm for non-uniform soils GA-SHAW Flerchinger et al., 1988; Flerchinger and o ( APl - sefs of model run fmm'munl] stervat!onldfata,lwhlle vs;ate_lr %Otem'fll_frdeezmg point defpressmn relation (UFW"WP) is the best choice
Saxton. 1989 o Sepenter . 2208 v et e 2 2002 or coupled numerical simulation of soil thermal and moisture transfers.
Modified Mein and Larson algorithm for non-uniform soils ML-CLASS Mein and Larson, 1973; Verseghy, 1991 S s | St e o s Gt . ) . L . e .
Infiltration Instantaneous infiltration algorithm In Topofiow T-T0PO Zhang etal, 2000; Peckham et al, 2009 0o s Opeerved £ | TUW1E | Figure 4: Observed » With carefully chosen parameters, all three evaluated soil hydraulic parameterisations could achieve similar soil
Algorithms e e i T, GRAY-IN Gray et al., 1985; Pomeroy etal., 2007 ground thawing and \ ™ - £ ground thawing and water retention curves and conductivity curves. However, van Genuchten’s method gives smooth and
f depths at - 3 i depths at i A 3 f ’
Zhao and Gray’s parametric infiltration algorithm ZHAO-IN Zhao and Gray, 1997; Pomeroy etal., J}’;ﬁ,“g?eefﬁo,if e N P o N @ ﬁfzgrggeifousma continuousiclives 9"6’ all soil mpl;ture ranges, while Brooks-Corey and CIapp-Homblerger s r,nEthOds have to
2007 facing slope and Ny ~ E > facing slope and be capped by maximum and minimum values on saturate, extremely dry or frozen soil conditions.
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