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Tiks1 Fluxtower

March Fluxtower photo by: Vasily Kustov (ftp:/ftp.cmdl.noaa.gov/pub/Albee/_Tiksi/Tiksi%20Picture%20folder/2013-02%20Russia-Tiksi%20%28V asilii%29/DSC02040.JPG)
July Fluxtower photo by: Dmitry Apartsev (ftp://ftp.etl.noaa.gov/psd3/arctic/tiksi/surface_properties/fluxtower/towermet/0_photos/Site_ FLUXTOWER/FLUXTOWER_fall_byDima.JPG)




Locations of Flux Facilities
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Exchange Processes
Vegetation

[Foken, 2008] indicates there are other terms to include

Focus of Presentation: Ground Flux
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Background photo by: DmitryApartsev



Background

Calculate Ground Flux using Fourier Equation

1. Thermistor instruments 2. Flux Plate instruments
Tgs — ﬁ;) . (Tl"o“ — Tl '+ Tgs " —Tgs  +Tofe — TJ}?) (220 — 7272) o= ¢ (ngﬂ — T+ TR - S?;;l) (toe 21
Zos — Z15 : 3(th+1 — th-1) = sfe ¢ . - 2(tns1 — th-1) 05 pre

A = soil thermal conductivity [Wm-K1]
C, = soil heat capacity [Jm=K-]
z = depth [meters]

Teter Tos T10s T15 = SOil temperature at depths [degrees Kelvin]
t = seconds per hour time index [hourly]
F, = flux plate measurement with calibration applied [Wm-?]

Qg = conductive heat flux [Wm-?]



Instrumentation
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_ - Thermistor Probe: mrc 7P-101
%- - : - Flux Plates: Hukseflux HFPO1

- Dry, Mid, Wet Temp Probe: Nokeval, IKES PT100 =

Tower-Dry Soil Dry Soil Mid Soil

e
:
2
@
=
o)
&
c
=
®
|-d
~
Q
o
@

aqoaJ eanjereduwa, i

e
2
— 5=
5 2
= =
S ®
. i
Q
c—l
@

Permafrost




Instrumentation:
Surface Temperatures

(Z10 - Zsfc) Qg =

1Ss —Tf%> . (M)

Fo_ (T(;?-l - T(;ls_1 + Tsr]l‘-z1 - Tsrjl”;1
. : 2(tn+1 — tn—1)

) (Zos — 2sse)

Zos — Z15 3(tn+1 — tn—l)

- Twr-Dry Surface

- IR surface temperature sensor: Apogee IRTS-P

- Dry .
+ Surface temperature sensor: Nokeval, IKES PT100 Alr Temp '
- Mid

- Surface temperature sensor: Nokeval, IKES PT100 ~

- Wet

+ Surface temperature sensor: Nokeval, IKES PT100



So1l Thermal Properties
Tior —Tlo * + Tostt — Tos ' + Tt = Tor!
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Site Description Thermal Conductivity [1] Thermal Com?uctlwty Heat Capacity [C] Heat(‘,ap:-futy Author/Paper
Conversion Conversion
Air 0.00006 cal cm-1 sec-1 celsius-1 0.02512079 Wm-1K-1 Sellers, 1965
Air 0.026 Wm-1K-1 0.026 Wm-1K-1 1.20Jm-3K-1 | 0.0012 MJm-3K-1 Peters-Lidard et al., 1997
Air 0.026 Wm-1K-1 0.026 Wm-1K-1 Farouki, 1981
Assumed Tundra soils-mineral frozen 900 cal m-1 hr-1 celsius-1 62.80197 Wm-1K-1 Farouki, 1981
Assumed Tundra soils-mineral unfrozen 770 cal m-1 hr-1 celsius-1 53.73056 Wm-1K-1 Farouki, 1981
Assumed Tundra soils-organic frozen 100 cal m-1 hr-1 celsius-1 6.978011 Wm-1K-1 Farouki, 1981
Assumed Tundra soils-organic unfrozen 250 cal m-1 hr-1 celsius-1 17.44501 Wm-1K-1 Farouki, 1981
Clay minerals 0.007 cal cm-1 sec-1 celsius-1 2.930759 Wm-1K-1 Sellers, 1965
Deadhorse 0.77 Wm-1K-1 0.77 Wm-1K-1 2.36 MJm-3K-1 | 2.36 MJm-3K-1 | Romanovsky & Osterkamp, 1997
Franklin Bluffs 0.82 Wm-1K-1 0.82 Wm-1K-1 2.30 MJm-3K-1 | 2.30 MJm-3K-1 | Romanovsky & Osterkamp, 1997
Ice 0.0052 cal cm-1 sec-1 celsius-1 2.177135 Wm-1K-1 Sellers, 1965
Ice 2.5 Wm-1K-1 2.5Wm-1K-1 1883 Jm-3K-1 1.883 MIm-3K-1 Peters-Lidard et al., 1997
Ice (temp 0 degC) 0.00535 cal cm-1 sec-1 celsius-1 2.239937 Wm-1K-1 Farouki, 1981
Ice (temp -20 degC) 0.00581 cal cm-1 sec-1 celsius-1 2.43253 Wm-1K-1 Farouki, 1981
Ice (temp -20 degC) 0.00545 cal cm-1 sec-1 celsius-1 2.281805 Wm-1K-1 Farouki, 1981
Mineral-organic mixture [0.7, 1.8] Wm-1K-1 [0.7, 1.8] Wm-1K-1 Permafrost Laboratory
Mineral-Soil{gravel) [2.5, 3.5] Wm-1K-1 [2.5, 3.5] Wm-1K-1 Permafrost Laboratory
Mineral-Soil{Shale) [1.0, 2.0] Wm-1K-1 [1.0, 2.0] Wm-1K-1 Permafrost Laboratory
Mineral-soil(silt) [1.3, 2.4] Wm-1K-1 [1.3, 2.4] Wm-1K-1 Permafrost Laboratory
QOrganic matter 0.0006 cal cm-1 sec-1 celsius-1 0.2512079 Wm-1K-1 Sellers, 1965
Quartz 0.021 cal cm-1 sec-1 celsius-1 8.792276 Wm-1K-1 Sellers, 1965
Quartz 8.4 Wm-1K-1 8.4Wm-1K-1 1942 Im-3K-1 1.942 MIm-3K-1 Peters-Lidard et al., 1997
Quartz 8.4 Wm-1K-1 8.4 Wm-1K-1 Farouki, 1981
Soil minerals 2.9 Wm-1K-1 2.9 Wm-1K-1 1942 Jm-3K-1 1.942 MJm-3K-1 Peters-Lidard et al., 1997
Soil minerals 2.9 Wm-1K-1 2.9 Wm-1K-1 Farouki, 1981
Soil organics 0.25 Wm-1K-1 0.25 Wm-1K-1 2503 Jm-3K-1 2.503 MIm-3K-1 Peters-Lidard et al., 1997
Soil organics matter 0.25 Wm-1K-1 0.25 Wm-1K-1 Farouki, 1981
Water 0.00137 cal cm-1 sec-1 celsius-1 0.5735914 Wm-1K-1 sellers, 1965
Water 0.6 Wm-1K-1 0.6 Wm-1K-1 4186 Jm-3K-1 4.186 MJm-3K-1 Peters-Lidard et al., 1997
Water 0.6 Wm-1K-1 0.6 Wm-1K-1 Farouki, 1981
West Dock 0.60 Wm-1K-1 0.60 Wm-1K-1 270 MJm-3K-1 | 2.70 MJm-3K-1 | Romanovsky & Osterkamp, 1997
Units Wm-1K-1 MIm-3K-1
Thawed 0.25 2.503 Peters-Lidard et al., 1997
Frozen 1.375 2.193 Peters-Lidard et al., 1997
To get frozen value | took the average of soil organics and ice




Soil Constants

[Pete
- thawed = 0.25 Wm1K-!
'C, = thawed = 2.503 MJm3K-!
. = frozen= 1.375 Wm-K-!
C, = frozen= 2.193 MdJm3K-!

rs-Lidard et al., 1997]:

Background photo by: Vasily Kustov



Thermistor Depths Used

sfc 2 15cm sfc 2 10cm sfc 2 20cm sfc 2 18cm
Tower-Dry Soil Dry Soil Wet Soil
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Results: Thermistor

Jul Varch

Tiksi Conductive Heat Flux [Therm.] - 2013Jul Tiksi Conductive Heat Flux [Therm.] - 2014Mar
Calibration coefficients applied; Out of range data may be off-scale Calibration coefficients applied; Out of range data may be off-scale
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Flux Plate Depths Used

sfec 2 5em sfe 2 5em sfe =2 5cem sfe =2 5em
Tower-Dry Soil Dry Soil
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Jul

Tiksi Conductive Heat Flux [FluxPlate] - 2013Jul

Calibration coefficients applied; Out of range data may be off-scale

Tower Flux A
Win’]

Tower Flux B
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Dry2 Flux
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Mid Flux

wim’]

Wet Flux
Wi’

190 195 200 205 210
Julian Day

Results: Flux Plate

Viarch

Tiksi Conductive Heat Flux [FluxPlate] - 2014Mar
Calibration coefficients applied; Out of range data may be off-scale
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Tiksi Conductive Heat Flux [Therm.] - 2013Jul
Calibration coefficients applied; Out of range data may be off-scale
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July

52\ Thermistor vs. Flux Plate @

Tiksi Conductive Heat Flux [FluxPlate] - 2013Jul
Calibration coefficients applied; Out of range data may be off-scale
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surface

Dry2 Thermistors Tower Thermistors
DAm?] DAm?]

Mid Thermistors
Wiy

Wet Thermistors
[wim?’]

Tiksi Conductive Heat Flux [Therm.] - 2014Mar
Calibration coefficients applied; Out of range data may be off-scale
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2\ Thermistor vs. Flux Plate &

Tiksi Conductive Heat Flux [FluxPlate] - 2014Mar
Calibration coefficients applied; Qut of range data may be off-scale
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Tower Thermistor Depth Analysis

sfec 2 15em VS , sfe 2 120em

Tower-Dry Soil Dry Soil

Mid Soil
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surface

twrTOTALDEPTH twrORIGINAL

FluxDifference
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Tiksi Tower Conductive Heat Flux DEPTH COMPARISON [Therm.] - 2013Jul
Calibration coefficients applied; Out of range data may be off-scale
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Results: Flux Depth Comparison

NMarch

Tiksi Tower Conductive Heat Flux DEPTH COMPARISON [Therm.] - 2014Mar
Calibration coefficients applied; Out of range data may be off-scale
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Soil Depth [m]

Results: Tower Thermistor Flux Distribution

arch

Tiksi Tower Conductive Heat Flux [Therm.] - 2014Mar
Calibration coefficients applied; Out of range data may be off-scale
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TIKSI Station - ot
Locations of Flux Faciliies e A
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- So1l Constants: Heat Capacity [C,], Thermal Conductivity [4,]

- Determine soil constants for soil type (dry, mid, wet)

- Determine soil constants for frozen or thawed permafrost conditions

- Determine best thermistor depth to generate Ground Flux value
- How storage term changes with depth

- Apply Philips factor [£)] to flux plates

- Correct difference of heat conductivity [A,] between soil and flux plate
[Liebenthal et al., 2005]




Background photo by: Vasily Kustov
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