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ABSTRACT

The partitioning of evapotranspiration (ET) into evaporation (E) and transpiration (7) is critical in
understanding the water cycle and the couplings between the cycles of energy, water, and carbon. In
forests, the total ET measured above the canopy consists of 7 from both overstory and understory
vegetation, and E from soil and the intercepted precipitation. To quantify their relative contributions,
we have measured ET from the floors of deciduous and coniferous forests in Gwangneung using eddy
covariance technique from 1 June 2008 to 31 May 2009. Due to smaller eddies that contribute to
turbulent transfer near the ground, we performed a spectrum analysis and found that the errors
associated with sensor separation were <10%. The annual sum of the understory E7 was 59 mm
(16% of total ET) in the deciduous forest and 43 mm (~7%) in the coniferous forest. Overall, the
understory ET was not negligible except during the summer season when the plant area index was
near its maximum. In both forest canopies, the decoupling factor (€2) was about ~0.15, indicating that
the understory ET was controlled mainly by vapor pressure deficit and soil moisture content. The
differences in the understory E7 between the two forest canopies were due to different environmental
conditions within the canopies, particularly the contrasting air humidity and soil water content. The
non-negligible understory ET in the Gwangneung forests suggests that the dual source or multi-level
models are required for the interpretation and modeling of surface exchange of mass and energy in
these forests.

Key words : Evapotranspiration, Understory, Eddy-Covariance, Decoupling factor, Coniferous forest,
Deciduous forest
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Catchment
boundary

Fig. 1. KoFlux Gwangneung forest catchment. The black and white circles are the locations of the flux towers in the

deciduous and coniferous forests, respectively.

Table 1. Summary of instruments at the four measurement locations

Above canopy Within canopy Above canopy Within canopy
deciduous forest  deciduous forest”  coniferous forest  coniferous forest*
(40 m) 2m) (40 m) 2 m)

3-D Sonic anemometer/thermometer CSAT3® 81000° CSAT3® 81000°
Infrared gas analyzer (IRGA)/ Hygrometer ~ LI-7500° IRGA KH20 Hygrometer LI-7500° IRGA KH20® Hygrometer
Net radiometer CNR1¢ NR-LITE! CNR1¢ NR-LITE!
Temperature and relative humidity probe HMP45C* HMP45C*
Soil water content reflectometer (0~0.1m) CS616* CS616*
Datalogger CR5000% CR5000? CR5000° CR1000*

dCampbell Scientific Inc., Logan, UT, USA

"R.M. Young Inc., Traverse city, MI, USA

‘Li-Cor Inc., Lincoln, NE, USA

Kipp and Zonen Inc., Delft, Netherlands

It is located about 50 m west from 40 m flux tower.
It is located about 10 m south from 40 m flux tower.
*The data were storedon CR1000.
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WS #8519 0™ (Wilczak er al, 2001), D% #H
Bl w2 FY2~ wGE 23] Webb et al(1980)
o] AZE WS A&t vt i T B
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R. M. Young Company, USA)®} IHE S55A|(KH20,
Campbell Scientific Inc., USAYS ARE-3}93aL, o]l
w2 2w AASIITH(Tanner ef al., 1993).



236 Korean Journal of Agricultural and Forest Meteorology, Vol. 11, No. 4

g sl ZE B3l AMSE 239 T S5
= AR Zolr} 0.15m, AHE FEAE oF

ojm], o] F 7|719] #ASH Alolo] A= oF
0.15m oISt w71 A8 WAkE wW$r) wWEew
TY W] tE A5 AEele] A3,
gz 28 wiks Wer] o E JiHE ¢
(advanced lookup table) WS AME3ITE &
= 2%, X3}, £BAlE FAE] glor, Zizte]
7+ A7) 57} 2.5°C, X7} 5hPa, BARE
2 9JollM B=o] o] Fo)x Af- 40W m?, e U
oA #=o] ® A 10W m 7} F&EJ}. A8
2lel tigk o AAISE HH+= Hong et al.(2009)°

A B2 5 gk

jal
=Rt

=
3

o
l=

2.3. M HEX|5=(plant Area Index, PAI)

EE2 B 7RISR e A Ao 2% A
=5 Hrkshz] Yal AETEEA 7] (Plant canopy
analyzer, Model LAI-2000, Li-Cor Inc., Lincoln,
NE, USA)E o|&sl 7 #5A9] PAIS A5
A5 P g E9)e] F22 W) (footprint) F
o5 s, @9 A9 10, G 4
S 970 50mxS50m AR oA o FARTh BFS
Yolhe 1, BASYNE 169 7 SFA (within
shoot clumping factor)s HaloH, 7ER7F -S4
Z=(between shoot clumping factory= #SHR] %9
ThBréda, 2003). AS5AH F TR AHLS 40
Al ALfstdet. Boh ZHAgE W82 Kwon er al.
(2009)°114 ER1EE 4= it

ot] T2t RellxE g AN A5 557
59} nigke] FEAKcovariance) QBN E] FHARS
sk, AAEE 717] AARE Qlete] frekst
o AR} 717] AE 7l |t oleg a9
A T2 T A7) wiel] Bk B
Hol AAEHo|] AT, Moore, 1986; Massman,
2000). 53] v SRR YHSTE U 350 7]
k= ot]e] F7|7} HopAHA] oA 2~ ER =
= IXHEYo] nFule JHOR o|FsH Ha,
wehx] gt oA o] It #5S & wddle
2 FAVF A 29 AEZ3d (path averaging)o| )

M 259} SIS 757 s S 717k

U

=)

-] (sensor separation) 5O F Qsle] WS = 1w}
T PG99 ouA] £A=E QIS FE2& IS5 2Pt
Z7VH Htk. 53] B2 Al 7I7RE 2ol ot
Bt B} Fos, wEba B ATelA= Wilson
and Meyers(2000)7} #|AJSk HhH o 2 2w} 7]7]
= Q) BAskE EY2 0AkE Akt

Wilson and Meyers(2000)= Z23} 35590
Al @olzl AkETES AMEsle] AklEls dE FYae
7171%F el olgk a7t gl7] whiell, 75719k &
o] W =% Fe7F 2oar 7Hgshd 717k 2
o oJgh Tt I LS vt o] At sk
o} WA g FY2o] IAHERS] AT 9Y
(Fup)s T o] Akt

Fur= 72 = 2 "

(=}

A7V Culny= BLEH29] 7 AAFa ()l 3
Fohe FAAAEH, FR ()= A8 Y20 A
A FAEYE AR ol BAHW.E AFT
T FAS AL Foltt. @ 557] EYAe] 2
A ERe] AJAMIS 7T, - EEAe] s
Ede U Zloltt. wigbA 717 2= A% 75
7] F20] o] T Gt dojdriar
Hdah St FY2o] IAHEY] A5
o= ojolkshs Rl vl
it oukEe] Fha WP At
£ Ao FE Z2HEY B wpad o]d
Aot FARHA thek 0.1Hz oVde] aFvlaoll g &
G} Fto] AjolE Hele AARITHFig. 2 and 3).
o= 7I7RRE #e] &FrL 0.1Hz0V 3] 1153 Fo]
A SRR T B7HE otk 2e AAte)
o, e E el 0.1HZE AFufe a5
e TEShE TIEeE Aot 7] e Byt S
2 Sl PiRE B3-S vt 22o] AEslslsirk:
Fuu™ o™ For @
F = 57 2820 IAHER] AFvle g
o, EE(f e T57] T2 A IAHEHS
253 gholal BAKA,, = 0.1Hz7HR|S) AFa)4= 9
guks AR gl 5 7I7RE Eeje] oJ7t 57
FH2o aF v)oje] &AL ool HH g,



Minseok Kang ef al.: Understory Evapotranspiration Measured by Eddy-Covariance in Gwangneung... 237

2o} A 7 Aol H

D
@
*1?
olN
N

o M

2.5. H|Zg =

B APoME ke 2Hsh= Fa vy Pgeky
QAR =BAY, VPD, EUSR0] B Fut W3l
HA= YRS AHET] 98l HIEY 2 OF )
2kelgant. SR et Sk BlEE B 0F AL
sle] TR} 2o EAE 4 ok

ET=QET, +(1-Q)ET,,, 3)
A7, ¥IES B, FHSWMNET,) B RSt

(T, ) BAVATS Telalae o thest o] AR
).

_ pet+l
=_perl 4
retltgu’guy @
_ psA*
Eley™ perDa )
pc
ETimp - T;jgsU VPD (6)

g7\ e 9] 713, ETE S92, A" (=ET+H)p)
o} g 747 B2 FoldlNe] SertgeiAsh 8%
EY2, peg/gutgutg)s A= Hl, g 3HF-
Tee] FTIHHREE, g SR BARIEL,
g PR AFHEE(0), e/ s 7kl H
gk w3740 Wisks, = sV, oo B7IY
=, g 3710 BYHIG, VPDE A, g SRR
of AT P SRAe) 7 F I Hoiw
o 4+ Slol, BHZWNEL S B} Aol TRE
A9} 9L o2 ol FerhgenIARe) T
FolH, guet vPDe] Tl Fag ik (ETpy A3
Aol 234 (PD)R] drolet. uieb Hide B4
Q= AR o] Tjg FEF} Rl 4
22l 7|25 W} (McNaughton and Jarvis,
1983; Raupach, 2001; Kang et al., 2009).

M. 21 2 £9|

3.1. YAHE (power spectrum) =41

557) 5= 2476 285 FF F5 Alole)

Aol o3k S I 4 BAE gohny] 98t
of =5 ARE F HPES} F5ol wet FA5H
7} HAgollA BSH 242 wlle] Azl dis)
AZE5m), 57 LR, 71Dl HeAERT}
7571 FE2(wy), B8 SH2=wT)e Z=HEH
S X319 tHFig. 2 and 3). 7K <& ARF B
S ZHE] HAE on|gitt,

5ot £57] IEe| HATEYS FJudo|7t o
2 F 71719 A A= o] Aol U3 AFr
£ AFsitt &, #5% ¢ 7o HAHER] 1
ok JgoMe] ole o3 THEEAY B=E
Ao| g3l st $57] T= 579719 A= Zo]
ate] ol vzt & Rojtk. T e 2F
g9 19 HAHEHLS FAJoPH P (inertial subrange)
oA BIs=EE FElE Blom, 1 718717 oF -2/3
ZA, -2/3 power laws WSSl A"E g9
FAd & AV fleS dEFTHFig. 2). 0.1Hz
olsle] AMFug Fo] Eaka} FiAk Y|odsh=
Aoe 57 HEd wEt W=, el
A5, ¢ 19 BrstE AT 968
Afrolfrrye 0.8~0.980103, HASFHE %, Aulfia
& oHgrl FHY W= AlQslal 0.88~0.96, Afy/
e 0.92~0.98% AFaE7) 2R sl FEo] wj
S itk o= ME OE AR dold 9siA wE
A= F 770N BS5S g9 7o aFTG FY
re] A Aolg velll= a7t Wi A2 A
X% FHEG. AAZ, o= FIAFHE] A
+0.01 W2 v 2o, JF5de] A9oll=, AL,/
£21 TS Fopr] Blmr} B2 16:30-17:004] A=
£ AlJEkar 0.06 ©]3ATHTable 2). $19] AMEES
v o g 25w FF 3

3

TEA 757 B 471
o] A= EI= 5% WQolx M= BIsES &
ok

FAEAEC, wy', wT)e] 75, IFoPHLeIA
1 71&717F 438 A 97 T BSAA B
T e, ols wel 2HERS] 71271} 255
TE51A] 5307 wiol), F IAHER] yFvlss
gl Aol av= ATHY AT oKl 0.15,
Fl= 0.06 WeIHom, Hdsde] A9 ool
Aglo]l 0.02 WStk Table 2). 23:30-00:004]<}F
16:30-17:007]°] & S<%ko] ARF=AE=H], 1 o=
FHEG ] HEo 54k 2k Fug Jo] Ul



238 Korean Journal of Agricultural and Forest Meteorology, Vol. 11, No. 4
10 .
23:00-00:00 i 03:30-04:00
U=017ms’ { U=03ms’
1 zL =0.02 I L =025
W 0.1 4
x
2 o1
0.001 w
q
—— T
0.0001 +
10 4 09:30-10:00 14:00-14:30
U=09%ms’ U=147ms"
q zZL =-53 zt =-02
i X .
e 01 4 T T
< iy o
o ;
0.01 4 \
0.001 v ~
® - q
—w— T
0.0001 - ‘ ‘ ’ ’ . : ’ : . v v
0.0001 0001 001 0.1 1 10 00001 0001 001 0.1 1 10
Frequency (s) Frequency (s')
0 05:00-05:30 10:30-11:00
U=017ms' U=113ms’
1 - 2/ =-102 s 2/ =-0.12
W 0.1
)
€ o1
0.001 4
0.0001
10 - 16:30-17:00 20:00-20:30
U=075ms’ U=0135ms’
. 24 =0.003 2 =-33
Nb" 0.1 1
‘zz
w
= 001
0.001 -
0.0001 : : : , ! :
0.0001 0.001 0.01 0.1 1 10 0.0001 0.001 0.01 01 1 10

Frequency (s')

Frequency (s')

Fig. 2. Normalized power spectra for vertical wind velocity (w), humidity (¢), and temperature (7) at 2 m above the ground

in the (a) deciduous and (b) coniferous forests.
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Table 2. Normalized low frequency fraction (Afyd/fyy) of humidity (g), temperature (7), sensible heat flux (w'T”"), and water
vapor flux (w'q") and o

Time U@ms™) z/L Nodfea  MNrdfir & (@ T) Agltvg  Mutlfir o wq,w'T)
23:30-00:00  0.17 0.02 0.98 0.98 0.01 0.85 0.95 -0.11
. 03:30-04:00 0.3 0.25 0.97 0.96 -0.02 0.92 0.80 0.15
Deciduous forest
09:30-10:00 0.96 -5.3 0.81 0.80 -0.01 0.68 0.64 0.07
14:00-14:30 1.47 -0.2 0.82 0.81 -0.02 0.70 0.66 0.06
05:00-05:30  0.17 -10.2 0.96 0.92 -0.04 0.95 0.92 0.03
. 10:30-11:00 1.13 -0.12 0.88 0.94 0.06 0.76 0.77 0.02*
Coniferous forest
16:30-17:00 0.75 0.003 0.65 0.98 0.49 0.55 0.72 -0.23
20:00-20:30  0.135 -33 0.94 0.96 0.02 0.85 0.83 0.02

fa was used in Eq. (2).

‘The dataset was divided into four subsets at every 450s of time length. Each subset was used to calculate cospectra and
the cosepctra of each subset were averaged. The averaged cospectra were used to calculate a. The original value is -0.02
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Fig. 4. Seasonal variation of plant area index (P4/), monthly net radiation above the plant canopy (Ryo) and net radiation at
the forest floor (Ryy), the ratio of Ryy to Ryo, and incoming solar radation above the plant canopy (Rspyo) for the (a)
deciduous and (b) coniferous forests.
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Fig. 5. Seasonal variation of understory evpotranspiration (ET7y), net radiation (Ryy), vapor pressure deficit (VPD), relative
vapor pressure deficit (/-RH), soil water contest (SWC), and decoupling factor (€2) at the (a) deciduous and (b) coniferous
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