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. Examples for 3 different sites*
. Further influences on the data quality (turbulent scales)
8. Conclusion

A b WODN -

~N O

* not in the copy of the transparencies
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Quality Assurance (QA)
for Carbon Dioxide Measuring Programmes

1. Specification of user requirements

partly done

2. Specification of the measuring system

later done:
Moncrieff et al. (1997)
Aubinet et al. (2000)

w

. Use of a suitable measuring field

often no ideal sites

4. Definition of necessary calibrations

later done:
Moncrieff et al. (1997)
Aubinet et al. (2000) and other

5. Definition of the quality control

6. Quality evaluation

THIS PAPER

7. Correction action

8. Feedback from the user of the data

later done:

Moncrieff et al. (1997)

Aubinet et al. (2000) and other
should be discussed

J Shearman, R. J., 1992: Quality Assurance in the observation area of the

Meteorological Office. Meteorol. Mag. 121, 212-216

University of Bayreuth
Dept. of Micrometeorology
Thomas Foken

AMERIFLUX-Workshop

Corvallis, OR

Aug. 27-30, 2002



Reasons for Errors of the
Eddy-Covariance Method

Not fulfilled theory

 Horizontal homogeneity
- Steady state conditions \
« Co-ordinate system

Meteorological problems Quality tests

* Internal boundary layers
« Surface layer height

* Gravity waves

* No turbulence

Sensor configuration

*  Flow distortion \
« Sensor separation

* Measuring height
« Tilt error

Correction methods

Th

University of Bayreuth AMERIFLUX-Workshop
Dept. of Micrometeorology Corvallis, OR
Thomas Foken Aug. 27-30, 2002



Quality Control (QA)
for Carbon Dioxide Measuring Programmes

1. Raw data test: Spikes

Hajstrup (1993)
Vickers & Mahrt (1997)

2. Raw data test: Sampling errors

Haugen (1978)
Vickers & Mahrt (1997) and other

3. Raw data test: Amplitude resolution

Vickers & Mahrt (1997)

4. Raw data test: Absolute electrical and
meteorological limits

Vickers & Mahrt (1997) and other

5. Raw data test: Steps, dropouts

Mahrt (1991)
Vickers & Mahrt (1997)

6. Steady state test: trends, statistic

Vickers & Mahrt (1997)

7. Steady state test: comparison of
statistics

Foken & Wichura (1996)

8. Turbulence test: Correlation coefficient

Kaimal & Finnigan (1994)

9. Turbulence test: Integral turbulence
characteristics

Foken & Wichura (1996)

University of Bayreuth
Dept. of Micrometeorology
Thomas Foken
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Influences on the Eddy-Covariance Method
indicated with the tests

Steady state test Integral characteristics
« Horizontal homogeneity « Internal boundary layers
- Steady state conditions « Surface layer height

* Gravity waves
* No turbulence
* Horizontal homogeneity

Further influences:

* Flow distortion

* Sensor separation

* Measuring height

« Tilt error

+ Co-ordinate system

University of Bayreuth AMERIFLUX-Workshop
Dept. of Micrometeorology Corvallis, OR
Thomas Foken Aug. 27-30, 2002



Quality Test for the
Eddy-Covariance Method

1. Steady State Test
e Mean flux determined from short time intervals

bey) =i ZXJ'YJ—%[ZXJ'ZYJ]]

Xy =5 2y
* Mean flux determined for the time seria

Xy = MN{Z[ZX yJJ M1'N;[;Xj;yjn

« Steady state conditions: difference of both parameters
< 20-30 %

Foken, T., Wichura, B., 1996. Tools for quality assessment of surface-based flux measurements.
Agric. & Forest Meteorol., 78: 83-105.

AMERIFLUX-Workshop

g University of Bayreuth Corvallis, OR
| Department of Micrometeorology Aug. 27-30 éooz
Thomas Foken d ,



Quality Test for the
Eddy-Covariance Method

2. Test on developed turbulence
* Integral turbulence characteristics for wind components

o =

~=aq ‘(om (%)

*®

* Integral turbulence characteristics for scalars

N|—

=Y _a ‘(%)%(%1_

U=

 Developed turbulence: difference between experimental
and model data <20-30 %

Foken, T., Wichura, B., 1996. Tools for quality assessment of surface-based flux measurements.
Agric. & Forest Meteorol., 78: 83-105.

g University of Bayreuth AMERIFLUX-Workshop
} Department of Micrometeorology Corvallis, OR
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steady state test

integral turbulence

characteristics
class range class range
1 0-15% 1 0-15%
2 16 -30 % 2 16 - 30 %
3 31-50% 3 31-50%
4 51-75% 4 51-75%
5 76 - 100 % 5 76 - 100 %
6 101 - 250 % 6 101 -250 %
7 251 -500 % 7 251 -500 %
8 501 - 1000 % 8 501 - 1000 %
9 > 1000 % 9 > 1000 %
quality class steady state integral turbulence
charactersitics

1 1 1-2

2 2 1-2

3 1-2 3

4 3 1-2

5 4 3-4

6 5 3-4

7 5 5

8 6-8 =8

9 one parameter 9

Definition of the
quality test
parameters

Foken, T., Wichura, B., 1996. Tools for quality assessment of
surface-based flux measurements. Agric. & Forest Meteorol., 78:
83-105.

parameter unpublished

additional tests on horizontal orientation and
mean vertical wind velocity

University of Bayreuth
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Thomas Foken
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Data sets for integral turbulence characteristics

LINEX 96/2 und 97/1
;P 17§N Do -

%l

EBEX{2000

36°N, G8 5 e
" “FINTUREX 94 i




Ow/U* measureq @S @ function of z/L
all experiments

» EBEX 2000
= Finturex 94
= Linex 96/2

o = x LINEX 97/1

o 1 . = ( x Zimljansk 81
X
X

@
D
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sigw:u* -0.2<z/L<0.4
all experiments

» sigw:u* EBEX2000

5.0 = sigw:u* FINTUREX

45 sigw:u* LINEX 96/2

4.0 » sigw:u* ZIMLJANSK 81
sigw:u* LINEX 97/1

3.5+ -

3.0

w/u*

25

LN[(z-d)/u*]
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sigw:u* -0.2<z/L<0.4
all experiments

» sigw:u* EBEX2000

5.0 » sigw:u” FINTUREX

45 sigw:u* LINEX 96/2

4.0 4 sigw:u* ZIMLJANSK 81
sigw:u* LINEX 97/1

3.5+ -

) w:&-mw’g.

LN[f/u*]
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Re-formulation of the integral turbulence characteristics
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Combination of QC and footprint

« Several long term measuring programmes are based on
measurements at very complex sites and use footprint
models for flux interpretation.

* Most of the footprint models are valid only for very limited
conditions: homogeneous surface, steady-state conditions,
limited stability range, ...

« The verification of footprint models is an outstanding
problem.

University of Bayreuth

% Department of Micrometeorology -llz-ﬁsxgﬂt \(IBV;):rI;sahnc;/p r|_;'
' [} slf== =
Thomas Foken Sept. 30 - Oct. 03, 2001 e



Validation of Footprint Models on the
‘Weidenbrunn
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Validation of Footprint Models on the
‘Weldenbrunnen site

22
I
«3 1.4 i 3 é T £ ¥ x T
E : L t L = =
§ 3
1
0,032 <z/L<0,1 < measurement
w parameterized
0.6 T T T T T T T
0 45 90 135 180 225 270 315 360
w ind direction [°]
22
1.8
: e Mg
s 14
2 * LES I
1
-0,032>z/L >-0,1 4 measurement
u parameterized
0.6 T T T T T T T
0 45 90 135 180 225 270 315 360
w ind direction [°]

Stable:
influence
of the hill

Unstable:
no influences
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Validation of Footprint Mo
‘Weidenbrunnenf Si

The standard deviation of:ti
wind direction is used as a/ /.
measure of the stability |
1987)

(Hicks et al.,

ap[°]

100
¢ unstable
80 ¢ stable
60
P L 4
40 : T2l
20 Ti ffT”VJT_a. ££§
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Validation of Footprint Models on

5
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3 i
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20 Kilometer

Landuse

Hl River
[ ] Lake
[ ] Shore
I Moorland
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Heather
[ ] Undergrowth
I Break Forest
[ Mew Forest
Bl Dsciduous Forest
[ Coniferous Forest
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[ Special Area
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Validation of Footprint Models on the
‘Falkenberg’ site (GM)

roughness length [m]
o
o

A

A\

/

. \/\/\’\/ T—70
0.10 ///\ —10m_
/\_/\—\/ —30m
0.05 /\J\//\ —70m|—
—90m
0.00
0:00 6:00 12:00 18:00 0:0
time (UTC)
0 N2V
; AW
5 -0.4 v N W V
5 -0.6 A —10m —
é I —30m
o -0.8 v —70m —
£ —90m
-1
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time

Source area
dependent
roughness length

Source area
dependent
momentum fluxes
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Regionalisation of QC-results

Overview

- Data quality assessment %o
- Footprint analysis: Assignment &
of weighting factors
- Collection in database

- Computation of the
overall performance

~ CARBOEUROFLUX
=} Wp7

University of Bayreuth
Dept. of Micrometeorology
Thomas Foken
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Quality assessement programme

Meteorological Turbulent
input data set raw data set

Matrix with land Matrix with
use structure terrain roughness Raw data processing

QC-flags for fluxes

\ \
EXASITE TERRAFEX
Footprint calculation and Source area Accumulation of source
land use evaluation for dimensions weight functions and
individual measurements land use ' regionalised flux evaluation
R L P % structure =




Required data from CARBOEUROFLUX partners

appr. 3-6 month

Raw data (20/10 Hz) or 5 min dispersions and averages:
- the horizontal wind components

Required data from the database

the vertical wind component
the air temperature
CO2- and H20-concentrations
wind direction (calculated)

Th

TEIELQ (1 PEIELD measurement unit variable description measurement type 1ECETENI G
number name frequency

: iz e eotarots100n,

1 Fc pmol m?s’ carbon dioxide Eddy covariance 30 min
2 H W m? sensible heat Eddy covariance 30 min
3 LE W m-2 latent heat Eddy covariance 30 min
4 E mmol m-2 s-1 water vapour Eddy covariance 30 min
5 TAU Kg m-1 s-2 momentum Eddy covariance 30 min
16 Rn W m-2 net radiation sensor 30 min
20 Ta °C air temperature sensor 30 min
21 Pa Kpa pressure sensor 30 min
26 Rh % relative humidity sensor 30 min
27 WD degrees Wind direction sensor 30 min
28 ws m sec”’ Wind horizontal speed sensor 30 min

University of Bayreuth AMERIFLUX-Workshop

Dept. of Micrometeorology

Thomas Foken

Corvallis, OR
Aug. 27-30, 2002



GE3 Waldstein

land use with flux contribution
period: 01.05.-31.08.1998

landuse
area of interest (%)
1 0-49
50 - 69
70-79
80 - 89 relative
90-94 flux contribution
95-99 A
100 —1

grid size: 100 m
tower position (0,0), blue bar

Dept. of Micrometeorology Corvallis, OR

University of Bayreuth AMERIFLUX-Workshop
Thomas Foken Aug. 27-30, 2002




GE3 Waldstein

quality flags for latent heat flux AE with flux contribution
period: 01.05.-31.08.1998

uality flag
1
2
3
4
5
no value

relative
flux contribution

grid size: 100 m
tower position (0,0), blue bar

Th
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GE3 Waldstein

quality flags for vertical wind component w with flux contribution
period: 01.05.-31.08.1998

rel. number of cases
beyond threshold of
0.356 m/s (%)
0-10
10-20
20-30
30-40
40 - 50
50-60 .
60 - 70 relative
70 - 80 flux contribution
80-90
90 - 100 1

I

grid size: 100 m
tower position (0,0), blue bar

University of Bayreuth AMERIFLUX-Workshop
Dept. of Micrometeorology Corvallis, OR
Thomas Foken Aug. 27-30, 2002



Turbulent exchange of momentum, energy and
carbon dioxide above a forest

Sources and sinks ?
Processes ?

!

Balances ?

1

Measurement Measurement:
Fluxes of t . J‘ Fluxes of
*Momentum stabil
“Energy isotopes
*Matter y N 313C-flux
special: )/ e S V4 1y
4 \W
CO,-flux ) v P -
, ~375 gt 07
’ . /{
Measuring methods: D : ' o Y Measuring method:
Eddy—Covarianc , : ( Eddy-Accumulation
/ ) ' N
1“ : \ <
l‘,‘ 1 l‘A [N
IAAL
~ 400
CO2 [ppm] characteristic data (day, spruce forest)  3'3C [ %]
. . 25th Agricultural and Forest Meteorology
@ University of Bayreuth 20—24 May 2002 in Norfolk, VA
Department of Micrometeorology

Paper 6.4



Turbulence scales of different signals
(using wavelet analysis)

Vertical wind velocity

22.06.2000, 1040 UTC
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Mixing layer hypothesis

L _0 _ U(Z\B)
)
8ZZ=ZB
Ay =m-Lg

Developed mixing layer: m =7...10

Finnigan, J., 2000.
Annual Review of Fluid Mechanics, 32: 519-571

Raupach, M. R., Finnigan, J. J., Brunet, Y., 1996.
Boundary-Layer Meteorol., 78: 351-382.

)

Velocity Uy+AU

Velocity U,
—

U, AU

@ University of Bayreuth
Department of Micrometeorology

25th Agricultural and Forest Meteorology
20—24 May 2002 in Norfolk, VA
Paper 6.4




Daily cycle of different exchange conditions

1000 -
= vertical wind velocity
m carbon dioxide .
| ]
||
2 100 -
o
a; n
| ]
) n -
o
= u u u
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E 10 A u m
||
u | ]
_4 1 2— 1 —3 1 situation
coupling
1 1 1 1 1 1 1 1
4 6 8 10 12 14 16 18

June 22, 2000, time (UTC)
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@ University of Bayreuth 20—24 May 2002 in Norfolk, VA
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Conclusions

« Stationarity tests and tests of the integral turbulence
characteristics can be used to check the data quality of
eddy covariance measurements.

« After a re-formulation of the integral turbulence
characteristics a dependence on the Coriolis parameter
(pressure gradient) was considered.

* Footprint models are helpful to determine the source
areas of the fluxes.

* Footprint models can be used for QA/QC procedures of
long term flux measurements to determine the source
areas and to check the data quality.

« The integral turbulence scales of the different
parameters should be taken into account.

University of Bayreuth AMERIFLUX-Workshop
Department of Micrometeorology Corvallis, OR

Thomas Foken Aug. 27-30, 2002
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