Direct measurements of turbulent fluxes in the
near-surface environment at high latitudes applying
the eddy-covariance method
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tate of the art

State of the art

Energy balance (EB) of polar surfaces

» Energy exchange — the heat transfer between polar surfaces and
atmospheric boundary layer especially under neutral and stable
conditions is still poorly understood.

Net ecosystem exchange (NEE) of CO, of arctic soils and vegetation

» In respect to climate warming esp. in arctic regions the quantity
of CO,-fluxes and the annual CO,-balance is still unsure.

e.g. AIDJEX (1970s), MIZEX (1980s), CLEAREX (1988), FINTUREX

EXPeriments 5o, siesa (1995-2002), SEBISUP (2002103), ARCTEX (2006)

Deficiencies in polar regions

» Poor spatial and temporal coverage of energy and CO,-fluxes.
» No state of the art flux data quality assessment techniques and
gap-filling routines applicable to deal with polar conditions.

» Accuracy of parameterisations of turbulence in models (Up-
scaling to landscape scale).
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Objectives

1. Continuous measurements of high-resolution (20 Hz) turbulent
fluxes near the surface using the eddy-covariance method.

2. Measurements of standard meteorological data sampled at 1s
intervals.

3. Pre- and post- processing of high-quality data sets of turbulent
fluxes using state of the art flux data quality assessment
techniques, footprint approaches and gap-filling routines.

Objectives/
Primary goals

Primary goals

1. Understanding of exchange processes and their
parameterisation for neutral and stable conditions.

2. Validation of commonly used sensible and latent heat
flux parameterisations (aerodynamic approach, Bowen-
ratio method).

3. Validation of atmospheric boundary processes simulated
in numerical models and improvement of existing
parameterisation schemes.
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Field campaign at the Koldewey-Station as part of
the joint French-German Research Platform (AWI, IPEV)
2. May to 22. May 2006
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Measurements
Eddy-flux measurement complex: CSAT3 (Ultrasonic)

KH20 (H,O), CR23X (Logger), Mini-PC
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Measurements
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Measurements

Rough weather
conditions
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Measurements

Eddy-covariance: sensible heat flux, snow covered fetch
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Measurements

Flux-gradient measurement complex: Met. Tower (6 m)
Cup anemometers at 5 heights, ventilated thermometers at 3
heights, CNR1 net radiometer, KT15.82 D (IR-thermometer),
Data logging system.

Measurements
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Measurements
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Meteorological
gradient tower:

Measurements at
5 different heights
log. profile
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Radiation

CNR1 radiation
balance

KT15 IR-
thermometer
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Laser-Scintillometer (SLS20)
Sensible heat flux av. 100 m
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Measurements
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Flux data quality assessment
(Internationally standardised QA/QC software package TK2)

— 1. Corrections, tests, quality assessment
"~ contem__|
T » Plausibility tests (consistency limits, spike detection)
> Corrections to calculated covariances
» Application of planar fit method for coordinate transformation
» Determination of time delay between sensors
» Quality assessment (QA/QQC)

2. Footprint analysis

» Source areas of flux and
concentration measurements

Flux data quality aLe of dlffdertené nlatutr:?l anC:v y
assessment shape and turbulent flow fie
determines the transport of

airborne quantities 4
»> To estimate the representativeness Upwind distance
of existing measurements
» To assess the comparability of different techniques
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Co-operation

~ AP, 1. Vertical structure of ABL
: : Dr. M. Maturilli, Anne Theuerkauf,

and Jurgen Graeser, AWI.
Tethered balloon sonde

2. Spatial variability of turbulent fluxes

Prof. Dr. A. Helbig:
Scintillometer measurements

3. Regional atmospheric models

Dr. A. Rinke, Prof. Dr. K. Dethloff (AW1), HIRHAM
Dr. V. Perov (SMHI), HIRLAM-6

4. Surface radiation data (BSRN)

Dr. Andreas Herber (AW1)
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High frequency raw data sensible heat flux measurements

ARCTEX May 13, 13:14 hto 13:17 h CET
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Temperatur °C

Vertical temperature profile meteorol. towers Univ. BT and AWI
ARCTEX May 13,0 hto 24 h CET
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(Turbflux: Launiainen & Cheng 1995) sensible heat flux.
ARCTEX May 11.

Comparison between measured (Eddy-Cov, SLS) and modelled
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Comparison between measured (Eddy-Cov, SLS) and modelled
(Turbflux: Launiainen & Cheng 1995) sensible heat flux.
ARCTEX May 16.
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Comparison between measured (Eddy-Cov, SLS) and modelled
(Turbflux: Launiainen & Cheng 1995) sensible heat flux
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Vertical structure of ABL: RAOB Ny-Alesund
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Vertical structure of ABL: RAOB Ny-Alesund
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Vertical structure of ABL: RAOB Ny-Alesund

6000 — 6000
5000 5000 —
4000 - 4000 5
T E A
o i o n
2 ] 2 ]
= 3000 = 3000 -
e - = T
2 ] = ]
) . Py ]
T = T =
2000 2000

] low ABL
1000 d 1000 —
calm conditions ]
S :

0 IIIIIIIIIIIIIIIlIIIIlIIIIIIIII 0 IIIIIIIIIlIIIIIIIIIlIIIIIIIIIlIIIIIIIII|IIII|IIII

0 5 10 15 20 25 30 60 -50 -40 -30 -20 -10 O 10 20 30 40

Black: Wind Speed [m s1] Black: Air Temp. [°C], Red: Virt. Pot. Temp. [°C]

|IIIIIIIIIlIIIIIIIIIlIIIIIIIIIlIIIIIIIIIlIIIIIIIIIl

|IIIII|IIIIIIIIIIIIIIIIIIIIIII|||||||
0 60 120 180 240 300 360 0 10 20 30 40 50 60 70 80 90 100

Green: Relative Humidity [%0]

. 00 05 1.0 15 20 25 3.0 35 40 45 5.0
May 111 05:00 h CET Blue: Specific Humidity [g kg™ 1]

Blue: Wind Direction [deg]

- , Dept. of Micrometeorology 21/21
. UNIVERSITAT
Dr. J. Liers ¥ &Y E BAYREUTH www.bayceer.uni-bayreuth.de/mm

i . o g ae . Dept. of Climatolo
Dr. J. Bareiss “ Universitat Trier inn?a.uni—trier.de o Nov 2006



Future plans 2007 to 2010
DFG-Proposal
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Future plans 2007 to 2010

lity; footprint; gap-filling: adapta
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x Flug GUber den Kronebreen-Gletscher, Kongsfjord,
Spitzbergen, 79° Nord, 22. Mai 2006, 15 Uhr
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