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1 Introduction

The series of antomated tests developed for tower and aircrafl time series
described in Vickers and Mahrl [1996) are applied to the BOREAS Elecira
aircraft data. The antomated procedures serve as a safety net for quality
controlling data.

The tests are implemented by specifying critical values for parameters
represen ting each specific error. When these values are exceeded  the recard is
either hard or soft lagged. Hard flags identily abnormalities which may result
from instrumental or data recording problems. Seff flags identify unusual
behavior which appears to be physical bul might be removed for certain
caleulations or reserved for special studies. Data initially hard lagged by the
aubomabed quality control procedures requires visual inspection to determine
if the lagged behavior is physically plausible or an instrumental problem. In
the former case. the hard ﬂag 15 charlgn:l to a soft ﬂalg. In the later case,
Lhe hard flag is verified as an instrumental problem. The visual [graphical)
inspechion includes examination of all the concurrent data.

A briel summary of the quality control and flux sampling procedures is
presented in Section 20 The BOREAS Electra data set considered here is



discussed in Section 3. The results of Lhe qua|iLJ.l contral and Aux aar::p“rlg
analysis are summarized in Section 4.

2 Tests and procedures

In this section, we introduce each of the qualtity conbrol and flux sampling
lags. The procedures presented and the critical values used to assign hard
and soft flags are fully described in Vickers and Mahrt [1996). The primary
fast response variables subjected to these bests inclode w, v, Vow T, g, 00, O,
All Nags listed in the tables of the Results Section are mentioned here and
shown in dalic.

2.1 QQuality control

Data spikes can be cavsed by random eleckronic spikes in the monitoring
or recording systems. Records are hard flagged when the number of spikes
is large. Spikes are removed from the data prior to all subsequent quality
contral and flux sampling calculations. The resolufion hard flag identifies
records where Lhe amplitude resolution of the recorded data may nol be
sufficiently fine to capbure the typical fluctuations, leading to a step ladder
appearance in the data. Dropouwis are defined as locabions where the Lime
series “sticks™ at a constant value. Records are hard flagged when the num-
ber of dropouls exceeds certain critical values which depend on the value
that the data is stuck on. The absolule limifs hard flag identifies unrealistic
data values. Higher moment statistics [skewness and kerlosis) are used to
detect possible instrument or recording problems and physical bul unusual
behavior. A skewness or kurtosis value outside the expected range is hard or

soft fllagged. depending on the value,

Discontinuities in the data are detected using the Haar transform [(Mahrt.,
1991). Large values of the transform identily changes which are coherent on
Lhe scale of the window. The Haar mean criteriais hard or soft flagged when
the absolute value of ATLY aingh: normalized transform of the mean excesds
Lhreshold values. The Haar voriance criteria is hard or soft flagged when the
value of any single normalized transform of the variance exceeds threshold
values.



The wind speed rolio is soft flagged when the ratio of the speed of the
vector averaged wind Lo the averaged speed falls below a threshold value.
The relative nonstationarity of the horizontal wind components. BVe and
HNr, and the veclor wind relative nonstationarity, HNS. are soft flagged
when they exceed threshaold values.

Lag correlalion belween temperature, specific humidity, carbon dioxide
and ozone with the vertical velocity is soft flagged when the absolute value
maximum correlation coefficient at any lag up to plus or minus 2 seconds
exceeds Lhe zero lag correlation by a specified amout. While a lagged corre-
lation with vertical velocity may be physical in certain instances, systematic
lag signals possible instrumentation problems, and may cause underestima-
tion of the fuxes.

Correlation between fuctuations in aircraflt albitude and in mean quan-
Lities are examined. A soft flag is raised when the correlation coefficient
between radiometric altitude Bjaliilude, means) and the wind components
Lemperature, specific humidity, carbon dioxide or czone exceeds the thresh-
old value. This best is repeated using altitude calculated from the pressure
and hypsometric equation [pressure altitude H{pressure. means) ).

2.2 Flux sampling

The Aux sampling analysis assigns only soft flags. RFFE is a measure of
Lhe relative lux sampling error, due to an inadequate sample of the main
transporting eddies as a consequence of inadequate record length. BN detects
linear trend in the flux possibly due bo mesoscale variability associated with
nonstationarity or surface heterogeneity. The Freni flag delects isolabed
large flux events or outliers. HSE is a measure of the systematic fux error,
due to the failure bo capture all of the largest transporting scales, bypically
leading to an underestimation of the flux. The Fr flag tests the adequacy
of the apaLia| I:Lcrup-::lra]} resolution of the data to capbure the smallest scale
turbulent flux.

The 5f flag examines the flux due to a correlation of the vertical velocity
fluctuations with the aircraflt altitude luctnations, as measured by the radio
altimeter, Ra, and the pressure altitude, Pa. This flux is partly superficial
due to computed fluckuations associabed with changes of aircraflt elevation



and mean vertical gradients. We estimabe mean vertical gradients of wind
speed, polential temperature, specific humidity, carbon dioxide and ozone
using the flux-profile relationships of Monin-Obukhov similarity theory and
Lhe observed fuxes [Businger et al., 1971 and Dyer. 1974). The Aux ratio,
Sy, is defined as the ratio of the altitude induced flux to the turbulent flux.
The .‘?r ratio is soft flagged when it exceeds a threshold value.

2.3 Slow response variahles

The abseluie Emils test is applied to selecled slow response (1 Hz) variables.
The variables tested and the threshold limits used are presented in the next
sechion.

3 BOREAS Electra

The analysis described here is applied to the Boreal Foosystem-Abmosphere
Study [BOREAS) Electra aircraft data collected over the Boreal forest region
of Canada [Sellers, 1995). The Eleckra aircraft is from the National Center for
Atmospheric Research ([NCAR) in Boulder, CO. The primary {ast response
(25 Hz) variables tesbed here are shown in Table 1. The selection of a fast
response humidity field bo use is based on a pre-analysis of both the Lyman-
alpha and LI-COR instruments [see below). The fields averaged from 25 He
to 1Hz and treated as slow response secondary fields for the quality control
analysis are shown in Table 2. Additional slow response [true | Hz) variables
Lested are shown in Table 3. The PRT-5 instrument (RSTB) was used for
surface radiative Lemperature for flights 1-8. Begining with flight 9, the
XLET19 variable was used.

The fast response fields [Table 1) are the primary data fields input to the
quality control and flux sampling. Ozone and carbon dioxide mixing ratios
[not discussed in Vickers and Mahrk, 1996) are subjected bo all the same
Lests as humidity and temperature, including all the flux sampling tests. All
slow response fields are only bested with the absolule limis criberia.

The OS1 archive of BOREAS Electra data includes all bhe low level fight
legs [ 100-200 m above the canopy) for 25 flights; from flight 1 on 25 May 1994
through flight 25 an 16 September 1994, The raw data for each flight was



processed from the NCAR mass store system archive under RAF 1994 818
HRT EFXX. where XX is the light number [(01-25). The OS50 data is sbored
in aseparate data file for each flight number and each fight leg number. The
leg number is specific to the OS5 archive and refers ko bhe sequential low
level Aight leg for each flight. Low level flight legs are delimited by aircraft

ascen ts, descents and aharp Lurns.

3.1 Humidity instruments

The OS5 archive includes fast response humidity measurements from two
instruments; the Lyman-alpha [MRLA) and the LI-COR (XMELI). Because
of frequent problems with both of these instruments, a pre-anal ysis program
was run bo identify when each instrument was functioning properly [see Table
4). The fast response humidity field used in the quality control and flux
sampling was selected based on this pre-analysis. When the Lyman-alpha
instrument is funcbioning properly it is selecked. During times when there is
an obvious problem with the Lyman-alpha but the LI-COR humidities are
reasonable, the LI-COR data is used. When both humidity instruments are
malfunctioning, the flight leg is nobt included in the quality control ar flux
sampling. In some cases, the humidity from either instroment malfunctions
only al the start or end of a low level flight leg. In these cases, the start or
end of the leg is discarded, so that humidity data with an obvious problem
is nob input to the quality control. The humidity field selected can change
between low level flight legs on the same flight day [Table 4).

In Table 4. “ok™ indicates the data appears plausible, while “*bad” iden-
Lifies cases where there is an obvious problem with the instrument, the data
recording or processing. In this conbext. both meassurements can be desmed
“ok" and still disagree with each other in some respects. In general. the
Lyman-alpha measured mixing ratio is smaller in magnitude than the LI-
{"OR value. and in several cases the turbulent scale fluctuations measured
by the Lyman-alpha are larger than thase from the LI-COR. When both mix-
ing ratios are “ok”, the two signals are highly correlated. It is not uncomman
for the “start” or “end"™ of a low level flight leg to exhibit an instrument prob-
lem for either humidity instrument. In Table 4, these words indicate that
mosk of the leg is retained by removing the offending section abt the start or
end of the leg. When “start™ or “end” is not modifying “leg”. then the entire

|



|c5 15 deemed bad, The il.cga" column in Table 4 15 the tatal number of low
level legs in bhe archive for each Electra flight.

3.2 Aircraft ascent an:l descent

While the OS50 archive is intended to include only approximately constant
altitude, low level flight legs, pre-analysis shows that the beginning and end
of each flight leg can sometimes include the end of an aircraft descent or the
beginning of an ascent. A pre-analysis was done in an abbempt bo remove
Lhese ascent and descent features from each flight leg.

3.3 HRecords

Afber removing data for humidity instrument problems and aircraft descent
or ascent [see previous subsections), each flight leg on each flight day was
partitioned into approximately 20 km lenghh recards for purposes of Lhe qual-
ity control and flux sampling analysis. The low level leg is paritioned with
Lhe requirement that the minimum record length be 16 km, the entire leg be
used, and all records be of equal lengkh, except for the last record where the
length is reduced to extend oot to the end of the leg.

For example. for flight 1. five low level fight legs were found. The five legs
were split into 7.28,10.7 and 7 records, respectively, resulting in 59 quality
control records for flight number 1. The first 6 records for leg 1 have a record
length of 23.0 km and the last record, which extends to the end of the leg,
has a record length of 17.7 km.

A list of all data records is generated by the pre-analysis program which
identifys each quality control recard by flight number, leg number, start and
sbop time, start and stop longitude and latitude, mean altitude, record length
and humidity instrument identifier. This list of records is used as input to
Lhe quality control and flux sampling program to define each record of data.
The pre-analysis program identifies at total of 883 records.



3.4 Local averaging scale

The local length scale chosen for the quality control and flux sampling anal-
yais is 2 km. This is equivalent to approximately 20 seconds of data since
Lhe Electra flys at about 100 m/s. This scale is used to define a local mean,
variance and range for some of the quality contral caleulations.

The length scale of 2 km is also used in the flux sampling analysis as L,
in K50 [Ly=4 km), and as the sub-record width in 20005 FY, and Meent.
A local averaging lenghh scale of 2 km and our requirement that a record be
al least 16 km in length. always results in at least 8 independent samples of
Lhe fux for Aux sampling analysis.

3.7 Internal Jata processing

In this subsection we detail all the processing performed by the quality con-
trol program on the Eleckra daka before the actual quality control and flux
sampling tests begin. This processing is internal to the quality control pro-
gram. The data files in the Q51 archive do not include this processing.

First. the record 15 identified from the List of records. The ﬂighL nurmber .,

leg number start and stop times and humidity instrument selection enables
extraction of the recard from the QS archive.

The nominally 20 km record legnth mean is removed from the vertical
velocity, This is done primarily because the vertical motion is known only
relabive to an undetermined constant.

To compute the stress in the along-wind direction. and to differentiate
between the along-wind and the cross-wind skress, the horizontal wind com-
ponents are rotated into the mean wind direction. The rotation is performed
after the wind compaonen ks have been dmpihn:l.

All mixing ratios in Tables 1-3 are converted to specific humidities. The
ozone concenkration is converbed bo wg kg and the carbon dioxide concen-
Lration is converted to mg/kg.

The carbon dioxide [XC0O20C) and humidity [XMRLI) from the LI-COR

instrument suffer a known lag with the vertical velocity [WIC) [Steve On-



cley, NCAR). Accordingly, XCO2C and XMRLI are phase shifted forward to
remove bhe lag. The phase shift is 0.50 seconds for flights RF01-04, 0.28 sec-
onds for RF05408 and .48 seconds for RF09-RF25. It is also known apriori
Lhat the czone instrument (O3FC) lags the vertical velocity by 0.16 seconds
for all lights [Steve Oncley, NCAR). Accordingly, O3FC is phase shifted

forward |::J.' the quaJiLJ.l conkral program Lo remove Lhe I“E correlation.

For flights RF01 and RF02 it is suspected that the air temperature [ATB)
and the humidity from the Lyman-alpha ([MELA) may be lagged. as there
was an eleckronicfilker on the aquisition of these fields [Steve Oncley, NCAR).
However, we do not phase shift either ATB or MRLA in the quality control
program. The quality control best for lag correlation will be used to determine
if there is systematic lag.

4 Results

In this section, we summarize the results of applying the tests outlined in

Section 2 to the BOREAS Electra data described in Section 3.

A Lotal of 95 records [out of 883) raised at least one hard fag for at
least one of Lhe fast response data fields considered [Table 1). The number
of records initially hard fllagged and subsequently verified as an instrument
problem by each criteria for each variable individually is shown in Table 5.
Noke that a single data record can and often does have multiple hard flags.

The absoluie limifs test for the slow response variables raised al least one
hard flag for at least one of the variables considered [see Tables 2-3) in 15
records. All of these flags were raised when the aircraft roll angle excesded
25 degrees. Afber visual inspechion, large aircralt roll was classified as an
instrument “problem” in only one record, where the roll is associated with
large vertical velocibies and may be the result of contamination of the wind
compaonents.

Considering both bhe fast and slow response fields together, ab least one
hard flag for at least one of Lhe variables was raised in 107 {out of 883) records.
(f the 107 automated [tentative) hard lagged records, anly 17 are verified as
instrumental problems by visual [graphical) inspection. The list of BOREAS



Electra records with verified hard flags is shown in Table . The hard flags
for the other 9 records are changed to soll flags. Most of the automated
hard Aags are classified as plausible physical behavior after visual inspection.
The records initially hard flageed by the automated procedure but classified
as plausible after visual inspection are shown in Table Ta-7d. Many of these
records are characterized |:::J.l |ar5c surface thcrugcnciLy. internal |::n::|LLr|v|:lar:|.I
layers and fronts.

The percent of records [excluding the 107 initially hard flagged records)
Lhat are soft flagged by the various quality control criteria are shown in

Table 8, and the percent soft flagged by the lux sampling criteria are shown
in Table 9.

The soft flag for large correlation of the temperature and the aircraft
altitude calculated from the pressure and bhe hypsomebric equation is raised
in 30%7, of the records. For all records, the mean correlation coefficient is
-1.25,

The soft flag for lag correlation of 0} and the vertical velocity is raised
in 45 "% of the records. Howewver, the |aE of maximum correlation s not
systematic. The mean of the lag that maximizes the correlation for all recards
is less than one 25 Hz data point or .04 seconds.

The lux sampling analysis shows frequent large random sampling error
[RF ) for the stress [Table 9). The flag for systematic underestimation of
Lhe Aux ({751} using a local flux averaging scale of 2 km is most often raised
for the stress. For the vector stress, these two flux sampling error estimates
(#h & and S F) are highly correlated [R=0.71}).

4.1 Conclusions

After careful selection of the data records based on pre-analysis for obwi-
ous h Llrl!]id.il.}' inskrument Pmbh:rna and aircraft descents and ascents, a VY
small percentage (2 ') of the remaining data is found to have instrumental
problems. The pre-analysis removed 159 records before the quality control
procedure.

Excluding () and O3 from the analysis, only 7 records have verified
hard flags [Table 6). 5 of these 7 are lagged for Lhe vertical velocity and 2



are ﬂaggcd fior ﬂ'mpﬂ-n:i# in h ur:]idiLJ.'. There are no verfied hard ﬂaga for the
horizontal wind components or air temperature.

With the exceplion of some obvious instrument problems for ), and
a lew cases of unphysically large vertical velocities, most of the automated
hard Aags are all classified as plausible after visual inspection. The BOREAS
sike is characterized by large surface helerogeneily which leads bo small scale
discontinuties and large higher moment statistics in the winds, temperature
and moisture which appear to be physical.

1



Table 1. Fast PeSpOTISe [25 Hz} fields.

LA descriplion threshaold limits

Ui { PS5 Corrected Wind Vector, Fast 'ﬁump m:s ~30 .30

VI {+P5-Corrected Wind Vector, North Comp m/s | -30.30

Wi PS-carrected Wind vector, Vertical Gust mis | -5.5.5.5

ATH Ambient Temperature, Radome -20.60
MELA | Mixing Ratio: Lyman-alpha g/kg .30
XMELI  LI-COR Water Mixing Ratio g;/kg 0.30n
' PSFDC | Corrected Static Pressure, F'uselag: higi mb A
03FC | Corrected Fast-Response (zone pple L.200
X020 | LIF-COR C0O2 concentration pprae A0, 10

MRLA and XMRLI are converted to specific humidity before comparing
to the threshold limits. O3FC is converted to micro-grams fkg and XC020
15 converbed Lo milli-gramaj'kg b fi e comparing to Lhe threshold hrmts.

Table 2. Fast response fields averaged to slow response.

1 AT description threshold limits
WVR62 | Vegelalion meter, 362 nm (.10

WVESD | Vegetation meter, 650 nm 0,10

THETA | Potential Temperature jv 200300
XMRELI | LI-COR Water Mixing Ratio g/kg | 0,30

XMRELI is converled to specific humidity before comparing to the thresh-
old limits.



Table 3. Slow rEspOnEe [] H:z:} fields.

descriplion

threshold limits

[LATe
CLAT | GPS Latitude deg 50,2
GLON | GPS Longitude deg -110.-94
HiiM (reametric (Radio) Altibude m 0.250
SWB Shortwave Irradiance. Bottom TFfm® -5.500
SWT | Shortwave Irradiance, Top T ym? 0.1300
IRB{ Carrected Infrared Irradiance, Bottom 11 m® | 0,700
IRTC Caorrected Infrared Irradiance. T'up 'il-',-"m"l 0,700
R5TT | Radiometric Sky /Cloud-Base Temperature & | -100.50
ME Mixing Ratio: T-Electric g kg 0.an
R5TB | Radiometric Surface Temperature PRT-5 O | -10.70
XLT19 | Radiometric Surface Temperature (7 -10.70
ROLL IRS aircraft roll abbibude deg -25.25
PITCH | IRS arcraft pitch attitude deg 3.7

MR 15 converted Lo apu:iﬁc hurmidi by befare comparing Lo the threshaold

limits.
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Table 4. BOREAS Elechra fast res

ar s hLLmivl:liL:,.r mnstrments.

Fli. | Legs | MRLA [Lyman-alpha) | XMRLI [LI-COR)

1 a ok ok

2 3 |ok alk

3 4 | bad bad end legs 1-4

4 4 | bad leg 1 bad start leg 2, bad end leg 3
3 T | ek ok

fi 4 ok ok

i 4 ok bad end leg 1

A 4 bad legs 1-2 bad

9 2 | bad ok

11 i | ek ok

11 4 ok ok

12 4 | bad ok

13 4 | bad leg 1 ok

14 8 | bad start legs 1.4 ok

15 fi | bad leg 1. bad leg 4 bad leg 1. bad leg 4

16 | 5 | badlegl ) bad leg 1 )

17 2 bad stark leg 1 ok

18 fi | ok ok

19 | 6 | ok ok

20 4 | bad leg 4 bad leg 4

21 4 ok bad leg 1. bad end leg 2
(22 | 5 ok bad start Teg 1, bad leg 3
23 4 bad lcga 2-3 bad start leg 1. bad le;ga 2-3
24 fi | bad end leg 2. bad leg 3 | bad start leg 1, bad leg 3
25 5 | ok bad start leg 1, bad end leg 3

13




Table 5. Wumber of records inil.iall:,.r hard ﬂagged I:am:l veri fied 1nsbrurnent
problems) by the automated quality control criteria for the fast response

field s

criteria 1 v w T q 02 03
api kes 0 0 0 0 0 0 L
resolution i 0 0 0 0 L 0
dropouts I 0 0 0] 6(2) 3(3) l
absolute limits i 0 &[5 0 0 4 (4) L
skew ness 0 0 0 O 3(0) 75 1(1)
k urbosis 0 0 O[3 (0) 4(0) 12(6)2(1)
| Haar mean 5 (0) | 9 [0) 0 O 14(0) &(4)]6(1)
Haar variance | 11 (0) | 6 (0) 10 (1) [ 6 (0) | 17 (0) | 9 (5) | 9(0)
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Table 6. Becords with verified hard ﬂaga.

It | leg | stark | stop | hard flag(s) |
f 4 | 73047 | 73246 | dropouts g |
f 4 | 73247 | 73409 | dropouts g
K 3 60233 | 60452 dropouts abs limits Haar mean o2
5 4 | 66647 | 66846 | dropouls abs limits Haar mean (02

A 4 G6R4T | 67046 | abs limits CO0O2

5 4 | GT04T | GV244 drupuuha abs limits Haar mean (02

14 5 | TR147 | 78356 | abs limils w

20 2 | G30RY | 63312 | kurtosis Haar variance (02

20 2 | 64693 | 64922 | skewness kurtosis Haar mean 02 03
210 2 | 64923 | 65152 | skewness kurtosis Haar variance (02
20 2 | 65843 | 66072 | skewness kurtosis Haar variance 02
21 1| 609858 | 61187 | skewness kurbosis Haar variance (02
21 2 | GO982 | 70211 | abs limits w ROLL

21 2170672 | 0901 | skewness kurtosis Haar variance ()2
22 | 4 | 75590 | 75799 | abs limits w
(24 | 4 65741 | 65940 | abs [imits w Haar variance w

25 4 | 72411 | 72577 | abs limits w
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Table 7a. Records im Liilll:,.r hard 'Ha;g;ged but classified as Phyaical.

—_—

leg

shark

stop

hard flag(s)

60062

60291

Haar mean v

66016

66225

Haar mean q (13

66226

66435

-Haar [TIEATL W

G436

6645

dropouls q Haar variance w

Gh646

66855

Haar variance q (3

f7456

67695

kurtosis q Haar variance w

V1824

7253

dmpuuta q Haar mean Haar variance u q

72744

72073

Haar variance v

4134

74353

Haar [TIEATL 1

4554

7al3d

drupuula q

61504

1703

H-E-EI.' [TIEATL W Haar WATTALCE q

B605

60825

Haar [TIEATL W

f0295

69514

Haar variance T

0515

G734

Haar variance w

60917

61337

G1126
G1546

Haar mean vabs limits RO

-Haar LS ALY |

62357

62596

Haar [TIEATL 1

GaThT

65066

Haar mean ()2

71013

71272

kurtosis T Haar mean Haar variance q

Th447

7666

Haar mean v Haar variance w

327

1987

(7546

abs limits ROLL

TR206

abs limits ROLL

[ o o o B ) I i o e e e g e e e I R I N I ] [

e | e ke | | | | e el | e e e | e | | DD DD DD DD DD

(8867

[

Haar variance w
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Table 7h. Records inihiall:,.r hard ﬂagged but classified as Phyaical.

—_—

leg

slark

stop

hard flag(s)

65385

65604

Haar variance (()2

fiae

6iall

72890

30Ty

Haar mean q

-Haar LA ALY |

(3581

TAT80

Haar variance u

34741

HAR0

Haar variance u

a6421

SH633

Haar variance u

V2647

72546

drupuut.s q

61035

1244

abs limits ROLL

3631

63900

Haar variance u

63901

64120

Haar [TIe=aATl 1

73035

iA244

Haar variance v

(4505

4714

Haar variance u

156497

(5906

Haar variance u

737

THT46

Haar mean u Haar variance u v

61953

67447

f2232

Haar [TIEATL W

6Te07

abs limits ROLL

T 3621

735830

Haar variance u

—
=

63511

A3750

kurtosis 02 Haar variance q

—
]

63751

63970

skewness kurtosis Haar mean variance (02

—
=

71835

72034

Haar variance q

—
]

MImh_HMthhHMMMHhHHMmmh

—
=

15063
203

6202

Haar variance T

764472 |

[ Haar variance T
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Table 7c. Recards irlil.iall:pr hard 'H,a;g;gzd bul classified & Phyaical.

It | leg | stark | stop | hard flag(s)

11 1 | 57256 | 57455 | abs limits ROLL

11 1 | 58256 | 53455 | Haar variance q

11 2 509992 | 60251 | Haar variance w

11 4 | 73324 | 73553 | Haar variance T

12 1 | 57047 | 57246 | Haar variance v

12 1| 57247 | 57446 | skewness kurbosis (02
12 1 | 57847 | 58046 | Haar VATLANCE 0 03

12 1 | 58247 | 58446 | Haar mean Haar variance q
12 1 | 58447 | 58646 | abs [imils ROLL

12 1 | 59047 | 50246 | abs limits ROLL

12 1 | 59247 | 79446 | skewness kurtosis Haar variance 03
12 2 | 60515 | 60754 | Haar mean q 13

12 2 | 61475 | 61714 | Haar variance v

12 4 | 67095 | 67294 | Haar variance u

13 2 | 65483 | 65702 | Haar variance w

14 2 60954 | 61163 | Haar variance T

14 3 | 61810 62059 | Haar variance q (33

14 5 | 65584 | 65813 | Haar variance w

14 f | AT098 | 67307 | Haar mean O3

14 B | 75162 | 75381 | Haar variance v

15 6 | 78048 | 78258 | Haar variance q

16| 3| 73117 | 73316 | abs himils ROLL

16 3 73317 | 73516 | abs limits ROLL

14 3 73517 | 73716 | abs limits ROLL

16 3| 75117 | 75316 | Haar variance u

16 5 | TR567 | 78769 | Haar mean v
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Table 7d. Records inihiall:,.r hard ﬂagged but classified as Phyaical.

It | leg | stark | stop | hard flag(s)

17 1 | 64077 | 64306 | kurtosis T Haar mean Haar vanance (O3
17 1 64307 | 64536 | Haar variance q
17 1 | 64537 | 64755 | Haar mean q

15 1| 59432 | 50641 | abs limits ROLL

158 1 | 60272 | 60470 | Haar variance q

15 2 | GL0TD | 61279 | Haar mean q (13 Haar variance (3

15 3 | 63836 | 64105 | Haar mean q

149 4 | GA032 | 68292 | kurtosis Haar variance (02

200 3 69067 | 69296 | abs Limits ROLL

21 2 | GRTA2 | 66991 | abs limits w

22 4 | 75800 | 76009 | Haar variance q

23 1 60845 | 61054 | kurtosis C02

23 1 61055 | 61264 | kurtosis (02

24 1 | 59375 | 59654 | Haar mean Haar variance q abs limits ROLL
24 1 | 59935 | 60214 | Haar variance w
24 2 61839 62045 | Haar variance (03

25 1 | 61071 | 61270 | Haar mean q

25 4 | 72201 | 72410 | Haar variance q

25| 5| 75677 | 75896 | skewness kurbosis Haar variance q
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Table 3. Percent of records soft Hag ed .

criteria u v V w | T q CO2 03
aloewr ness oo - 015 3 1 1
kurtosis 0o/ 1, -1 6 3 2 1
| Haar mean 35 46| - | 5 16 26 4 1
Haar variance w7 |- [1316 |11 1 2
wind speed ratio - - (21 - | - | - - -
RN [u,v,a} - - - - - - -
Rialtitude.means) | 1 | 2 | - | 0 | & | 4 3 2
R{pressure;means) [ 4 | 6 | - | 0 |30 16 16 | 13
lag correlation - - - - |11 10 45 &

Table 9. Precent of records soft flagged by flux sampling criteria.

criteria wu | wY | wT | wg | wC02 | w33
RFE 44 | 63 [ 20 15 44 29
RN A 4 a 1 7 i
Fvent 12 (33 | 13 | 9 18 2
RSE | 32 | 14 15 26 19
Fr 1 0 I I fi 0
Sfratio Ha | 3 - 1 i 1 0
Sfratio Pa | 2 - 1 L 2 i

20



Beferences

Buasinger, J..% ., J0'. YWyngaard, 7. [zue i, and E.F. Bradley, 1971: Flux prahle relation-
shipg i the atioapheriz surfase layer. T Arces See, 25, 18 1-15%,

Tiyer, &0, 18l A redias of Mhs-prolile relationships. ooy darglaver eiears!., 1,
ANF-dii

Mabiet, L., 1#]: Eddy asyoonetry in the seared heated houndary layer. 5 1 dnoes
coe, 8T B

Hellers, P, FOU Hall, 1. Margollis, B, [ielly, 11, Baldoesl i, J. denl artog, J. < il lar,
M. hyan, B, Soandizon, PO rill, J. Ramaon, 12 Lettemnaier, and 17 E Wiskland,
I#85: Uhe Boreal Esogyate n- At capl eriebtudy 1 BORE AR an overs ew and early
results fromw tae 1992 Lald year, Lied ier Defeor Doe, T0, 1331577,

Yiexera, L1, and L. XNabrt, 1985 Cuality sontroel and Hux samspling probless for tower
amd aireraft data, subovitted 1o O CLFnes Vlesaide Peekuor.

21



