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Permafrost is land that remains frozen (at or below 32° For0° C) for two or more

consecutive years. Permafrost covers about one-fifth of the earth's land surface.
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In general, permafrost mainly occurs at latitudes higher than 60° N and is most abundant and continuous
throughout Alaska, the northern portions of Canada, parts of Greenland, and a large portion of Eastern Russia and
Siberia. It also occurs sporadically in alpine regions in lower latitudes such as the Himalaya, the Alps, the Rockies,
and even in the tropics in portions of the Andes and on Mount Kilimanjaro above 16,404 feet (5,000 m).
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Influence of temperature profile on hydraulic conductivity

T20°C
where

K(8) = soil moisture dupendcnt hydraulic cnnductivity of the soil (m/s);
K, = saturated hydraulic conductivity of the soil (m/s);

0 = water content of the soil;

0, = saturated water content of the soil;

0, = residual water content of the soil; and

A = is soil distribution index.

(Brooks and Corey, 1964)
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Physical processes

Numerical equation -
of heat transferin
GIPL

Ve

C(T)-Z—=div(A(T)-grad T )+q

T
ot

where C(T) 1g the specific
heat capacity of the soil, 8T
/Ot 12 the temperature change
m time,

A{T) 18 the temperature
dependent thermal
conductrvity. and

4. 18 the source/smk term

Numerical equation
of soil moisture in
GSSHA

dp o d
Cm{g‘}% - E[K,‘ﬂj{lf}(a—f - 1)] —-W=0

Ve
Porosity
/
'l._ ________________
V7 pheme
e Groundwater tahle
+

where, C,, the specitic moisture
capacity,

w 18 the o1l capillary head (cm),

z 18 the vertical coordinate (cm),

C 1g time (h),

K ufw) (cm) 18 the effective
hydraulic conductivity and

W ig a tlux term added for sources
and ginks (cm 271,
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Coupling architecture
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Moisture content (m*/m?)
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& = (L3BNDVI — 0.049) (0 4ei — Oupi) + Oupii
6 = soil moisture content;

8¢ = field capacity soil moisture content; and

8,yp = wilting point soil moisture content;

i = any spatial location or grid/tin address for a numerical model.
NDVI is the vegetation index ~ ‘SERVES Method’ (Pradhan, 2019)
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Simulated results of soil profile heat transfer

Time-series of observed and simulated temperature
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Freeze/Thaw

Y Heading towards freezing condition Heading towards thawing conditionj‘>

Temperature (degree centigrade) Temperature (degree centigrade)
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Simulation results and analysis
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Setting up hydro-thermodynamic model

WMS Tutorial
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Permafrost in GSSHA
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Figure 3. Permafrost parametric value input format in the GSSHA mapping table.

Data input/output

VERMATROST LEYEW_SOLL  “peEma”
WM _IDS 2

MY WIHMEFR LR¥ERS 17

ON_INIT BMAX 30

DH_MAX 500
INIT TEMP_FILE anit_temp.txt
OEF HOODE FILE dep mode _CERT

OUT_NODE FILE out pode . Ext

I DESCRIFTICHL  LAYERNUMS Dm_inic Om On_ouc chick tfr wwol wunf aclv bolv oclv cond TR cond fr  Cwol

1 Permafrost ID ] a7 239 3 0.080 0.0 0.87 ©.107 0,03 -0.32 0.0 0.02 .02 2800000
0.220 0.0 ©O.43 0.02T7 0.02 -0.23 0.0 ©.0L 0.02 2500000
0.320 9.0 ©0.20 0.053 0.04 -0.27 0.0 0.01 0.05 Fadilsleli]
0.380 0.0 0.3 0.01% 0.01 -0.23 0.0 ©.0L 0.05 2800000
0.500 0.0 0.3 0.072 0.06 -0.20 0.0 0.01 0.08 2700000
3,500 0.0 ©0.3%4 ©0.01%4 ©0.01 -0.13 0.0 ©.0L 0.05 2800000
5.000 9.0 O.4%4 0.021 0.01 -0.10 0.0 0.01 0.05 2R0000)
101.00 0.0 ©0.97 0Q.020 ©0.01 -0.12 0.0 ©.0L Q.06 2800000

2 Pecmafrose ID 3 e 230 3 0,120 0.0 0,48 0,020 0,00 -0.10 0.0 ©0.01 0.08 2800000
0.420 0.0 ©O.42 0.020 0.03 -0.32 0.0 ©.0L 0.06 2800000

Table 6. Description of tems In Figure 3.

W

Figure (above) and table (right) is from: http://dx.doi.org/10.21079/11681/48331

Figure (below) is from: http://dx.doi.org/10.21079/11681/48331

Figure 1. Geophysical Institute Permafrost Laboratory (GIPL) as a permafrost component in
the Gridded Surface Subsurface Hydrologic Analysis (GSSHA).

GSSHA Gridded Permafrost Input Database

Snow Cover,
WVegetation

Geology, Lithologic Data,
Ground Temperatures,

| | {

GIPL
Numerical Model of Heat Transfer

I >

GSSHA Permafrost Output Database

Air Temperature,
Precipitation

Permafrost depth

Thaw depth — based on unfrozen water content
Surface soil temperature

Specified temperature map

Soil temperature at specified depth

Time series temperature profile at specific gnd cell
Time series liquid water content

GSSHA Permafirost Model Component ‘

temn Description Unit
D Permafrost soil ID -
LAYERNUMS Tn‘r.a! number of soil layers in

a soil 1D type

Mumber of initial temperature
Drn_init inputs in the vertical soil -

profile

Total number of
Dn ) —

computational nodes

Total number of permafrost
Dn_out state variable output.
thick Thickness of soil layer M

Temperature of phase .
tfr change Degree Celsius
wvol Volumetric soil water content | Fraction of 1
wunf Volume of unfrozen water Fraction of 1
aclv A—parameter of unfrozen _

water

B—parameter of unfrozen
bolv water -
celv C—parameter of unfrozen _

water

Soil thermal conductivity i
Cond_th thawed Wm-tk

Soil thermal conductivity I
Cond_fr frozen Wm-lk
cvol Volumetric heat capacity Jmtmimikt

—
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File Edit Format View Help
PERMAFROST_GIPL permabound. txXt -
MULTI_LAYER_INFIL_GIPL
OUT_GIPL_TEMP "temp_out.qip” i
A || m | b

Optional project card:
GIPL_TIMESTEP

E permabound.txt - Notepad EI&IQ

File Edit Format Wiew Help GRASS type header
horth: 1100. 300000 - format

south: O0.300000 —=
east: 1000. 000000
west: 0.000000
rows: 11

cols:
(o

o
]

Index 1 refers to freezing / thawing active area.
Index 0 refers to grids without permafrost activity.

m
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HErRRRRRERERES
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j dep_node.txt - Motepad | = | = 2 |

File

Edit

Format View Help

L 0P 0P o000 P00000P0000000000000000000000000000
[
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ID 1

&
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j init_temp.tin - Notepad | = | [ 2% |

File Edit Format View Help

D 1 -
0 8. 846

0.03 3.146 E|
0.13 0. 786

0.28 0.21

0.53 -0. 22

0.58 -0. 22

0.63 -0.234

0.68 -0.245

0.73 -0.252

0.78 -0. 26
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File Edit View Help

ID 1 -
READ_OUT_ROW_COL_PAIRS 1
6 6

Format

m

north:
south:
east:
west:
rows:
cols:
0

I e Nl el e =]
L I e = S U SUR SO N
= e e S e e R O

1100.300000
0.300000
1000.000000
0.000000

11
10

o

(S S S S SO SO SO R
o S S S S S N T S
L I N S S = N TS

R e R s =

(S I SR S SR S SRS S S -
I N s s =]

[ I e S e e e e e =

—

GRASS type header

format

# Id 1 refers to a type
of permafrost soil

» 1d 2 refersto another
tvpe of permafrost

soil

File Edit Format View Help
Time lair Temp(c) Depth(m) sSoil Temp(C)Depth{m) Soil Temp(C)Depth{m) Soil Temp(C) -
2454000, 50000000 B. 0.1000 1.4935% 1.5000 -0.2733 5.0000 -0. 2430 E]
2454000, 54166667 E.BBB 0.1000 1.4376 1.5000 -0.2817 5.0000 -0, 2432
2454000, 58333333 8. B89 0.1000 1.4274 1.5000 -0. 2859 5.0000 -0, 2434
2454000, 62500000 8. B89 0.1000 1.4294 1. 5000 -0. 2890 5.0000 -0. 2435
2454000, 66adbbay 8. BE9 0.1000 1.4354 1.5000 -0.291a 5.0000 -0. 24386
2454000, 70833333 8. BE9 0.1000 1.4426 1.5000 -0.2938 5.0000 -0, 2438
2454000, 75000000 8. BE9 0.1000 1.4500 1. 5000 -0.2959 5.0000 -0.2439 =
< | f | b
i HH&C
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