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Outlier Detection and Replacement for Vertical Wind Speed in the
Measurement of Actual Evapotranspiration

ABSTRACT

In this study, using flux data measured in Deokgokje reservoir watershed near Deokyu mountain in May, June, and July 2011,
statistical analysis was conducted for outlier detection and replacement for vertical wind speed in the measurement of evapotranspiration
based on eddy covariance method. To statistically analyze the outliers of vertical wind speed, the outlier detection method based on
interquartile range (IQR) in boxplot was employed and the detected outliers were deleted or replaced with mean. The comparison was
conducted for the measured evapotranspiration before and after the outlier replacement. The study results showed that there is a
difference between evapotranspiration before outlier replacement and evapotranspiration after outlier replacement, especially during
the rainy day. Therefore, based on the study results, the outliers should be deleted or replaced in the measurement of evapotranspiration.
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T2 Heddy covariance)HS o]&3R= Ao g A AAZC R
e A8z Bo] 3w al i Kustas et al., 1994; Humes
et al., 1994; Oak Ridge National Laboratory Distributed Active
Archive Center for Biochemical Dynamics, 2014; FLUXNET
Oak Ridge National Laboratory, 2014; US-China Carbon
Consortium, 2014; AsiaFlux, 2014; Max Planck Institute for
Biogeochemistry, 2014; Global Energy and Water Exchange
Project-World Climate Research Programme, 2014; CARBO-
AFRICA, 2014; CarboEurope-IP, 2014; OzFlux, 2014).
o] 739 Be THFEL NS 20001 445E o] I
2PH(eddy covariance method)S ©]-&35e] Y3\ 7} 7]
70 s, o) U Be] WS olsfel] Sie AT <=Bst
At} o] fl8te] 30m B= E7F A EAL, A, A #

S5 Zejo] BEo] ARESIT(Park, 2001). Arkd frole
SrefAo] 8.50km o)1, 1995d5E] k71 7] ol|A]
Ao Sodatar glom, Zukke ot] BTRAMS AMgEt

o = Qi) ZPddTAoME 2002 7E5E side] 7Pd
2 2] A0 20m = U5 Bl9IE AAjsle] EE
S 38kl Iti(Kim et al., 2003; Lee et al., 2003). 3}2]
Zgste AR Al $ix]skal glow, o] AHe
S H=0 2 o]Foix] Qla, ot o 2 HE
25 %L, o5AL 71, 71 ASE T
A5} Jck(National Research Foundation of Korea, 2004).
Kang et al. (2013)& SH57F 74 18E Zajolx] Ty Zein
A5 olgste] B30} A1) Bl Aolg BAR vt glrh

o] FERE olg3lo] A Felag Sk A9 B9
2 Q1R g F-dAE7F ashY(Vickers and Mahrt, 1997),
53] SefuElel o] 2Pt B A Hex= HRJlA BSsh=
W ge] AAREE areele] e SIS SHslolof stk
Wilczak et al. (2001)& o]2f3l AR|R|HE Tefse] AdZ el
£ S8k ES ARk vt Slok wEgh 3 Fefo] 40
23838k 94F T F5 S| wig- F83)t) v S4%
F50] 471719 WiRARl o 9 1], vigh S5 22 LJRAR)
249 oJeix] A57F LA SrkE FE Eue] S0
ofele Aolek. 298 Amehs A Ame] opgAt Eitslo]
UTh= Z4& on)ab A B241E SlaixE d] oo
gk A2} dasich

7ol SR Felm 15 A WA
o W1 9 ) B Al
735 #5559 A5 10Hz #5390 302 B Z5uAE
Hlaate] o dx|E g8k AAg vl Qlri(Lim, 2007; Korean
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Papale et al. (2006)2 < 37 IZgke] 20)E o83t
OPIAE BAERE WS AQlEF 2, Hong et al. (2009)2

5
eRISE7] 93] Papale et al. (2006)0] A2kl H3<:% 37 A7
T US| Aol & o] &3 WS B WS A vt
Uk B3 A= 7))ol W 2] FEARE EATEE] el Frank
et al. (2013)2 27} 53} F<ZA|(orthogonal sonic anemometer)
&7 (non-orthogonal anemometer) ARg-0l| wE
W) F4 B3] AolE Frek wh ek sHIRE A Al
g uhol] ofshd A FE oo gk thAE el ThE
S7F rileh, Qko 2 ZE WS A 9F] FEL] obdH Bt
oA el e S3AEE wisle) igh T B 7 lEolok
7o 2wt gk SR U5 o]9)e] e B 3-83ok
M= o AL A s RS RHE o]E 4 QY]
el ool Aejel] B WA Folsith GuEo R o]
U] AsrE AAE AAE ohd 2o 25 & AkmRial
old 4= Jlti(Hawkins, 1980). opd=|2] A|2jae gH7E
ARFEo] diAAE ekl AR A AR s 7Rk
o g 2R IHE 2Pl vRis T SR E 53
W FER(EE AR Aol AR it vl
WHo R o] ApYo] wprokint 2 dtelis 3]
27 iR A @] el HIESAR] WP - interquantile
range (IQR) 772& 0|85t o} Fx|& E s3It Moore and
McCabe, 1999). B3k 82 o] &4 S o83t oP3AE
B&el] $18) ol A= ER1E FhES AR R AT 4
b= AR WSS ANBKL oPdA] tiAl A5e] S8 sk
Hlal HESHT:
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2. HlE R A

2.1 92X o K=

B oodre] A oe Aephw oMo YA 4954 127°
4223~127° 44’537, B8] 35 °50'47"~35° 52'50")0]rd, $-¢]
Y EXo| 822 E B Ui ARIC 2 o]Fofx itk PRRE
£ 48k vl oshA 4 of tiF-Ee] A9 Aol Ee
3 Heidslo] Rarslar lk f-9Je] B Eale 1007.58m
AR= 26.89°0]t) FE2 A5S Sl5) et

22 E}9] 0|2 25m= 3] EREx] 2

oT]Est A1 321 FEA(CASTI)9} CO,/ Hy, 072~
A7|(EC 155) 18]l As7 VA 125l(Automatic Weather System:
AWS, 28 WXT510-NC) 17]25E] Z4¢ Al5S o83k
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()& TH) Eq. (4)2} 2o) bkl verd 4 ick wek Eq.
(e olgsla) RATUX(QYE ARSI

QE‘ = L’l' w’pp"u (4)
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Fig. 1. Outlier Locations in Box Plot
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Fig. 2. Flow Chart for Outlier Detection and Replacement
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Fig. 3. Outlier Detection and Replacement (June 3, 2011, Sunny and June 25, 2011, Rainy) (a) &

IQR(k = 1.5), (c) & (f) Outlier Detected by IQR(%k = 3)
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(d) Raw Data, (b) & (e) Outlier Detected by



Table 1. Comparisons of Outlier Detection and Replacement Methods for Evapotranspiration Measurement (mm/day)

Measurement day Raw data IQR(k=1.5) IQR(k=3.0)
(weather condition) Mean | % change Deleting % change Mean % change Deleting % change
May 28, 2011 (no rain) 2.40 2.07 -13.73 2.19 -9.02 2.38 -1.07 243 1.04
June 3, 2011 (no rain) 243 2.13 -12.38 2.18 -10.40 2.42 -0.49 2.42 -0.31
June 28,2011 (light drizzle) | 2.35 2.11 -10.49 2.14 -9.09 2.34 -0.64 2.33 -0.77
July 18, 2011 (no rain) 3.09 2.47 -20.11 2.67 -13.42 3.01 -2.42 3.00 -2.82
June 25, 2011 (rain) 0.71 0.40 -43.01 0.53 -25.67 0.63 -10.86 0.73 2.81
June 26, 2011 (rain) 1.84 1.44 -21.72 1.11 -39.41 1.78 -2.85 1.67 -9.15
July 12, 2011 (rain) 0.98 0.70 -28.33 1.04 5.56 0.93 -5.30 0.99 0.85

(a) (b) (c) (d) (e) ) (g)

Latent heat flux density (wam’mz)

Latent heat flux density (wan./rr?)

Latent heat flux density (Watt/mz)

Latent heat flux density (Wan]m?)

L m 1 1 1 L
1 12 24 12 24 12 24 12 24 12 24 12 24 12 24
Hours

Fig.4. Comparisons of Hourly Latent Heat Flux Density According to Outlier Detection and Replacement Methods (a) May 28,2011 (b) June
3,2011 (c) June 28,2011 (d) July 18,2011 (e) June 25, 2011 (f) June 26, 2011 (g) July 12,2011
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Fig. 4¢] A% 3 ¥xl= Yx189) IQR 42 k=15S 243
oPdA| B e giA|, 7 HAle YAE9} IQR 13 k=38
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