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Figure 1. (a) Locations of eddy covariance flux towers(grey color) of both TCK
and TBK and 20m meteorological measurement tower(blue color) of TCK at
Mt. Taechwa. The results of footprint analysis at (b) TCK and at (¢) TBK during

day and night in June, 2018 are shown on the right side...........cccceeerereennnne 20

Figure 2. (a) Relationship between mean annual SPI and annual net ecosystem
production(NEP) excluding winter season over four years from 2015 to 2018
at TCK and TBK. (b) Monthly net ecosystem production(NVEP) differences
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Figure 3. Relationships between (a) daily mean volumetric soil water content(8)
and daily net ecosystem production(NVEP) during growing season(from May to
September) in 2017, (b) daily mean volumetric soil water content(¢) lower than
8% and daily mean canopy conductance(g.), (c) daily mean canopy
conductance(g.) and daily net ecosystem production(NVEP) under the condition
of volumetric soil water content(¢) lower than 8% at TCK. Rainy days were

excluded fOr analysiS.. .....cccvieriieriie ettt eree et sb e e e 40

Figure 4. Relationships between (a) monthly rainy days and monthly mean
photosynthetic active radiation(Q), (b) monthly precipitation and monthly
mean photosynthetic active radiation(Q), (c) monthly mean photosynthetic
active radiation(Q) and monthly net ecosystem production(NEP) in July of four

years from 2015 to 2018, and (d) daily mean photosynthetic active radiation(Q)
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Figure 5. (a) Observed LAI using plant canopy analyzer(LI-2200, LI-COR, Inc.,

U.S.A.) at TCK and MODIS LAI at Mt. Tachwa over three years from 2015 to
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1% FFAlel {1 Mietuw Hsiite=d
W Au5-Z 9 X (Taechwa  conifer forest, TCK, 37° 18 17
127° 19" 02” E, 179 m a.s.l.)¥} %2952 (Taechwa deciduous broad-
leaved forest, TBK, 37° 18" 14" N, 127° 18 50" E, 238 m a.s.1.)°]l 4|
FAEATE ol 7= 30d o)t 74 dHolEE Hfsta
e BS54 T A7 A ZHE oF 15 km AP 7P 1o
AR TS AE, oA FAE 1980 dHE 2012 7HA]
33379 Hd 7]2S 11.38+0.61 °colom, e 7|t HF
AT 1385543117 mmeo|lth. TCK:= 695 B (Pinus
koraiensis ~ Siebold & Zucc) ZHAZR, HAHHL: o 27
ha©] TH(https://gis.kofpi.or kr/gis/main.do). TCK+= Ef3}AFe]  F&EAMA

AbEe]  flAsta lon, AHAMEE 9F 5-157 otk TCKellA
9

At AA NAAEA oF 90%E AL 2 H(Lee, 2018),
YW= oF 400¥/ha, ST Hor FaLe FuA A 47 of

21 m, 30.4£5.9 cm®|t}. TCKY 352 A O 2 = AH4E Z(Rhododendron
yedoense f. poukhanense (H.Lév.) M. Sugim. ex T. Yamaz.), 7l &5 (Rhus
trichocarpa Miq.), 373U (Lindera obtusiloba Blume) 5©] A]213}al

A THLee, 2018)(Table 1). TCKZHFE <k 0.3 km Eojzl A9
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FEAFA AR 1A% TBKS| HA|WA 2 oF 4.8 ha, BAE+ oF
10-25° =, ZFY5(Quercus aliena Blume)®} = F-5-(Quercus

variabilis Blume) & Y53 S=Fo] AA 71AAAH Y 70% oS

Z}FA) 3kl QlTth(Lee, 2018; https://gis.kofpi.or.kr/gis/main.do). TBK ]

AdedEs 9F 1,080%/MhaclH, FUFH FFY HAgast
FaAARE A2 ek 20 m, 23376 cmoltl FFEFole=

55 (Styrax  obassia  Siebold & Zucc)), A Z(Rhododendron
schlippenbachii Maxim.), 7025 (Rhus trichocarpa Miq.),
Bl U5-(Sorbus alnifolia (Siebold & Zucc.) C.Koch) S°] A&l
ATH(Lee, 2018)(Table 1). EjgPAFer=H o] EQFE 2] 3hafo] =2

A oFE o] TH(Hong et al., 2012; Kim & Kim, 2013; Suh et al., 2014).
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Table 1. Main features of the experimental sites.

Site TCK TBK
Elevation 178 134
(ma.s.l)
Slope(°) / Direction 5-15°/NE 10-25°/NE
Area (ha) 27.02 4.78
Dominant species Pinus koraiensis Quercus aliena Blume,
(Overstory) Siebold et Zucc. Quercus variabilis Blume
Dominant species ) . Styrax obassia
(Understory) Rhus trichocarpa Miq. Siebold & Zucc.
Stand densi
_llty 400 1080
(treesha ')
Mean DBH (cm) 30.4+5.9 23.3£7.6
Canopy height (m) 21 20
Soil type Sandy loam Sandy loam
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F (Fagaceae stand)
P/(Pinaceae stand)

Figure 1. (a) Locations of eddy covariance flux towers(grey color) of both TCK and TBK and 20m meteorological measurement tower(blue
color) of TCK at Mt. Tachwa. The results of footprint analysis at (b) TCK and at (¢) TBK during day and night in June, 2018 are shown on the
right side.
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Table 2. List of instruments for flux and environmental factor measurements at TCK and TBK.

TCK TBK
Measurement Instrument Measurement height
or depth (m)
C0,/H,0 flux L17200, LI75b00(A)a 41 27
EC150
Wind speed/sonic temperature CSAT3P 41 27
Short/longwave radiation CNR4° 40 27
Photon flux density LI190? 40 27
Air temperature/humidity HMP60¢ 40 27
Volumetric soil water content cS616° 0--0.3 0--0.3
Wind speed/direction CSAT3P 41 27
Barometric pressure LI7200, LI7500A% 41 27
Precipitation TE525°¢ 41 21
C0,/H,0 concentration AP200° - 275" 23011318

Li-Cor, Inc., USA
*Cambell Sci,, Inc., USA
“Kipp & Zonen, Netherlands

dVaisala, Finland
®Texas Electronics, USA
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l-'.l

%5 (canopy conductance, g.)

b 713 7 YtellAe NEpe] WEkE AMHe] e F
Q<le  olgstel  EAsEHy] flal 3719 8h & K (aerodynamic
conductance, g2} F<E=7 X(latent heat flux, /E)/tH 7] 3EX}(vapor
pressure deficit, D) B & ©]&3%t 2] #|3E7 % X (surface conductance,
@ ohle) A olgaiel AEa,
g'=(Gp-1)gt+ Z20 ()

4

u?

o= @
oA7IN g5 712l U 23557192 W8k (rate of change of
saturation water vapor pressure with temperature; Pa K1), 7 &
A5 73 (psychrometer constant; Pa K'), A +i= X ¢lH](Bowen ratio)E
ouslH, pi=  F7]™S(density of air; kg m?), Gt 3719
%J k1] A (specific heat of air at constant pressure; kJ kg! K1), D=
t) 7] 3 X} (vapor pressure deficit; Pa), A+= =2 7]3}<(latent heat of

vaporization of water; J g''), u"= V245 S (friction velocity; ms™), u= 3 1

%% (mean wind speed; m s)2 Su|str} ot FEAt TS O R FE

Aret g FHFY VAL ERE ofYet EoF T8 oIS
EZekstar Q7] vl 433 & % (canopy conductance, go)2Fi= T2 7|
ot A TF 4™ A X 42 (leaf area index, LAI)7} 35 33 9o =

i
o2
o\
2
1o
o2
o
o
24_,
o}
)
09
o
%
i
offt
s
ol
ol
o
K]
N
N
sk
>
39
N

o B AV F LAV 32 d9x oF 5990 g9 o=
2 4 ;



2ot 71 313 th(Kelliher ef al., 1995; Kumagai et al., 2004; Lee, 2018).
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5. Standardized precipitation index(SPI)

AT IR T OMEY AR W AL #ds] S8
Standardized precipitation index(SPI) 7}& A& ©]&3}%th. SPIi=
2009 World Meteorological Organization(WMO)l Al 7}& A EIE
ByHEHs7] &l #Hast 7FEA 42 (Hayes, 2011; WMO, 2012;

Svoboda & Fuchs, 2016), A& 30 o9 A+ 7=

o

4=
A5E olgstH, dHE ARE V|FoE AREAE AAT ARE
TTRAAM rFe] B Aes Adbste] AlgE YEdth 2 A
A e A e SPIE  Alatst?]  $13l National Drought Mitigation
Center(NDMC) ]| A A &3FaL A= SPI program=
0]-2-3}$1 © ™ (Svoboda & Fuchs, 2016; https://drought.unl.edu/droughtmoni

toring/SPI/SPIProgram.aspx), Y HARE = A7|% EsHAE st&=d QA
o] 717 thel 1980 2012 E7kA 9] 33dREe] ArE AR
Hispatstad W 20 m o] 71 BSER o 20139 FE 20149704
2d%F A AR, 83 20159FE 2018974 4z
7173RSER9], TCK, TBK S A A+ A 5E A8l SPI -

1 olatel o FEe AEsl ottt A

o

YeEhg Y, -1.5 o|3t=

o
Dy
ol

P BE AR Tk, 2 olst® askd A AR Thas

o
<

o} 2 AT oA = Palmer drought severity index(PDSI)®} -AFSH

2

lo

2 4Ed 12702 A9 9] SPIE o] €3 tHWMO, 2012).
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. A E A BAFE(VEP)

S W F=F(Bvapotranspiration, ET), EYTw80) & FAEJA7E F+

ol F oA zFo]7} Y=A] Paired ttestE E3 Bl FEAsE oM,

tests 23Tt

of\
kot

7he R 5 AR AFEY 35 ARs IE AFR), =
7her ol %o AR T VIR 5 A HlE o] gete] Rlud
Sidl(Lloret et al.,2011), ¥ ATFNAE= F doA 7M1E 5 F
NEP®] 3| AEE Hlwelr] & 719 ABYLHFS o83t
AAEE RE obEiel o] HPAIA ARE-SFATh

R ngp = NEPpost/NEPd 3)

7| NEPs= 7Va &5 59 NEP, NEP,+= 7tw 713 =
A4 NEPE njdtt}. B Ao 83 TE EAFH 4

RStudio(Version 1.2.1335, RStudio, Inc.) & SPSS(Version 25, IBM Corp.)
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1. 373AX L SPI 7F=A<

2015958 2018 7k4] F 4z TCKS} TBKOA #HF5H 7]
(Ty= Wl B4 83tk TCKolAM #5548 A8 e 7122 2015d5-H
2018 7FA] AF&l| 2 12.0+9.5°C, 12.2+10.3°C, 11.4+10.4°C, 11.4+10.9°C,
TBK oA &= 12.249.4°C, 12.3+10.3°C, 11.6£10.4°C, 11.6£10.8°CS 7] =3}
o] T R 7] 7 F23 2o]= H A THTable 3, p-value < 0.05).
A F 7| B4 Ay, F AR BTl ASHA 12€eA 1€
Atolell 7]&o] 74 wtorom, of FHl 7837 84 Atolo] M =
2 TH(Table 3).

201393} 201439 AP 242 14582 mm, 7402 mmS
715Z38ke] 20140l A7l 201339 50.8% FEOE AA A
sttt o] % 2015dFE 2018A7HA] AT A= 918.2 mm,
906.3 mm, 1082.4 mm, 1330.1 mm®z A7FaFo] A A3] F7Fske] 2018
ol o] 1385543117 mm FFlE 3&Est Zow et
(Table 3). 2015 F-E] 201874 7= 24 A3, 7+ Y BF
Az dAske 7974 AE 7PE B v7F gl AEdE Hele

w2017\ 7€+= HA9 137.7% 2 °F 532.3 mme B2 H|7}

0

el 2015, 2016\, 2018\ 2] 7€ H T} 3 285.3+70.7 mme] 7+

o] We Ao vepykrh whd 2018 7= 201535 20174
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o] 79 HU} Ht 173.3+155.8 mm =] = 188.4 mme] %S H]7} U
2 2018 8¥) 276.1 mmE T 7P B2 H7F Y™ Ao
EFStTH(Table 3). 7FSollA & Aboleoll= of FH ol vsto] ZF4sFo] 2+

23}

rlr

o

Hoom, 53] 2017dl= ALHA 1€5E 50
A2 e = 697EA 9] ZFEFe]l Hde] 35.6%%0 147.4 mm=E A 7F
aete] e e 2 7|3 Huh Ht 249.9+131.9 mm A& B]7b
Y Ao® ebsti(Table 3). 3 201613 201792 92 3E 11

4 Ato] FrEAHo = Hdo 27 50.6%, 34.4% 52 137.1 mm, 93.2

2 FPHRERAHQ A5, A 7131 79l 593t 69

=2
=
ol
L
2
o

?l_',
031
?Ol'
A

ARE A ASkEdl, B2 v7F iEE 20174
7€l TCKSF TBKE| #F3AFaHTA= ZH2 278.9 pmol m? s/, 255.3
pumol m? s'Z 2015\, 20161, 201812 7€) wls) 27 Ht
96.1+£54.5 pmol m™ s7(24.6£10.3%), 118.1£69.1 pmol m2s(30.2+11.8%) -
ojetAl vtk Wb AoiAoR A2 v7E UEE 2018d 7€
TCK$} TBKO| F3d -8 HA= 2H2) 436.7 umol m? s, 452.2 pmol m
2512 20159 5E 20179 9] 7€ Hoh 22 Ho 114.4+39.1 pmol m?
s1(36.9£17.5%), 144.3+46.8 umol m? s7'(49.4£24.4%) Al =Sk
(Table 3, p-value < 0.05).

2014 5E 20189 7kA] A HO ZHE 0-30 cm 2 0] ol A

Ay

ehl

o,

AG 4 ESFFEIFO)S TCKAA AEZE 17.7£2.9%, 17.5+3.0%,
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15.544.1%, 14244.1%, 17.943.3%°]0 2™, TBKolAE= A=
20.342.0%, 19.6+2.4%, 18.4+2.4%, 18.8+2.8%, 20.3+2.3%% TCKOol 4]

TBKE.t}F 2|34 WSk th(Table 3, p-value < 0.05). ¥ EokIE3haf

S BAs A3, 2014dFE 2018974 TCKe EokS:

Rl
i

o]
TBKET Hf 2.9+2.1% SFFow, ojd 7FS-oA] 1 Alo]e] TCKEh

TBKO A EFFw-3raF 2o 7}

of\

7V AEe ®eth 306.3 mmeol
2] 548.6 mm2] H]7F R 2015\d,2016'3,20180 2] 1€5E 6€ A}
FRsker Zpol7k HF 1.6£2.0%0014 3.4£1.1%
AbO1 R E WHE | 246.4 mme}l 147.4 mmZ o] 7HASAE 2014
7201798 22 Vel T Y P EGFREES] Aolvb 7
7y Bt 4.143.0%, 6.4+1.3%= AA =718 tH(Table 3). 3] 20174
64 Zoll= TCKE EFF#3EFo] TBKET Hof 9.13%7H4 © 7t

aatgion, 69 Feol TBKE ESFETES AA 104%7H4 7

B>
ro
iz

A, TCKAIM = 6.3%7HA] Fraste] AT 713 & EFFES
ol 7hg v o g bl g 2014, 20154, 20181 2] 82
B 129 Aol wlske] Ht 213.1+118.1 mm AL 87 YHA
201613 ¢] 8EHFE] 12¢€ Afolell= TCK®} TBK F E
2ol 7F 2014,20151d,2018'A 9] 2 7179 zpo] Htt 3t 3.6+0.4%
& A= YEFSTH(Table 3).

2013 9] A SPIE= 0.74£0.220] 0 01}, A7Fako] 2013 9
AdteFo g 74T 20140 -0.92+1.23% HASATE o] % 2015
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WRE 20179 Abo] A SPIE A2 -1.82+0.29, -1.24+0.21, -
1.3240.67% 7153t anitt 7hEe] X7 AR e Ao® UE
wom 20180 7HEol TR HO| -0.23+0.43°0 % el 9l UH(Table
3). €9 SPI 4 A, 201432 7E€HEH HE JHE, 92FH A
7Fa(SPI<-2)8] 5 WERleH, 20151 39 5-E 20161 10€ 714
Ae7HEol A BE 7ha, o5t 7o R A 7HEe =T ok

A ek7F 20168 11255 SPI7F thA] A4 ste] 20179 5€3 62

!

SPI7} G477 = HAFFTQ 22894 2387HA] 7FAstE Ao
YErSSE AR 20179 7€ SFEZF 5323 mme] W H|7F YR o
24 2017 8¥(SPI=-0.52) ¥H 7Hao] FHEXo] SPI7}F AW 2(-

0.99<SPI<0.99)% +=o} 2T Table 3).
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Table 3. Monthly variation of air temperature(7,), photosynthetic active

radiation(Q), precipitation(P),

volumetric

soil water

content(6),

and

standardized precipitation index(SPI) at Icheon weather station over 33 years
and at Mt. Tachwa for each year of the measurement.

Winter Spring Summer Autumn
Annual
Dec Jan Feb Mar  Apr  May Jun Jul Aug Sep Oct Nov
T, (C)
1980-2012  ICH* 4.9 117 173 196 127 5.5 11.4£10.4
2015 TCK 53 115 174 198 14.0 7.9 12.0£9.5
TBK 5.6 11.7 175 199 14.2 8.1 12.249.4
2016 TCK 5.9 1332 18.0 208 142 6.0 12.2#10.3
TBK 6.0 3%} 182 209 144 6.1 12.3£10.3
2017 TCK 5.2 12.7 el 19.3 14.0 4.1 11.4+10.4
TBK 5.4 128 179 19.7 145 4.6 11.6+10.4
2018 TCK 6.8 118 16.7 19.3 11.2 6.5 11.4+10.9
TBK 6.9 120 168 195 11.7 7.1 11.6+10.8
Q (umol m? s’l)
2015 TCK 2252 3703 3622 380.3 3639 281.8 311.7£122.1
TBK 2245 366.8 350.6 370.1 360.2 2813 308.5+116.6
2016 TCK 230.1 3273 3953 3933 2863 226.7 303.7+114.4
TBK 2363 330.0 3959 383.0 281.4 2283 304.1¥105.9
2017 TCK 2716 3447 4262 307.8 350.5 269.0 314.7£112.3
TBK 275.7 339.7  424.0 309.6 3582 284.6 313.8£112.3
2018 TCK 249.9 3213 3851 411.0 383.1 3416 279.1 317.6£104.6
TBK 2342 312.7 385.6 4202 410.6 356.6 284.2 323.8£108.5
P (mm)
19802012 ICH | 221 232 245 490 788 941 1443 . 2019 1756 485 470 13855
2013 MMT® 25.8 721 1294 116.6 166.2 188.2 60.2 1458.2
2014 MMT 499 658 637 1012 1767 791 79.2 337 740.2
2015 METH® 1076 431 865 2270 1221 154 578 1539 9182
2016 MLTH 854 1273 -ﬁs.s 507 334 856 906.3
2017 Mt.TH 447 247 361 2803 306 290 336 10824
2018 Mt.TH 749 147.7 1933 983 1884 2761 909 140.0 665 1330.1
6 (%)
Jot4 TCK | 210 185 194 183 167 158 133 ‘ 189 170 200  17.7+29
TBK 19.8 204 155 197 18.0 = 20.5 20.3%2.0
2015 TCK 185 199 166 15.3 198 163 127 204 17.5+3
TBK 209 195 15.0 169 207 182 16.5 19.6x2.4
2016 TCK 13.8 19.1 199 205 178  19.5 19.2 15.5+4.1
TBK 18.6 19.1 19.7 207 205 18.4+2.4
2017 TCK 145 147 140 147 127 14.2+4.1
TBK 185 19.6 203 205 166 135 18.8+2.8
TCK 209 142 19.6  19.5 146 179 147 196 206 209 17.943.3
2018
TBK - 18.9 175 201 170 205 20.3%2.3
SPI
2013 Mt.TH 0.74%0.22
2014 Mt.TH 0.09 -0.08 -0.92+1.23
2015 MtTH -1.40 =137 -1.45 -1.82+0.29
2016 MtTH -145 -148 -1.38 -1.24 -133 -1.01 -1.28 -090 -1.17 -1.10 -1.00 -1.53 -1.240.21
2017 MLTH 077 -142 -156 -172 _ 138 052 -053 -073 -0.68 -132:0.67
2018 MtTH 0.06 -080 -0.75 -0.53 -0.19 -0.57 -0.58 -038 -0.01 0.09 -0.23x0.43
? Climate data from nearby Icheon weather station
b Precipitation data from meteorological measurement tower at Mt. Tachwa
¢ Mean precipitation data from meteorological measurement tower, TCK, and TMK at Mt. Taechwa
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2. TAENARBALFWVEP) 2 35X 5(R. nEP)
TCKelA 2015dF-E 2018 7k#] & 47 AdS Algst

¢ NEP= A8 2 5399 gCm?, 5654 gCm? 483.3gCm?, 614.6gCm

[

2 A% SPIVF -1.82+£0.29% 7FF wWtd 20151 KUl SPIVF -
1.2420.21°1 5 2016l NEP7} ©] F7bet Z O R UERstth oA
T A%t SPIZ}F -1.32+£0.67 ©]E 2017\ 9] NEPi= 2015'd°] NEP
BT} 10.5%(56.6 gCm?) o Wekow, 7MHg F85 F 201899 NEP+
7He 71712015-20179) 52 NEP K.t} H 4 16.649.5%(85.1+42.0 g C
m?) 7} th(Table 4). TBKolA 20153 5-E] 2018 7k4] Z} AAxH
A&AE AL 717+9] NEP= 636.1 g C m?, 756.9 g C m? 737.8 g C
m?, 9493 ¢ C m2% A% SPI1S] Wstol| whet NEP7Y W Edtes A3
S BTk sPrl 7P wekd 201539 NEPYY VR V1Y T VR
wiorom, 2015 oS 2 SPIZF WSrd 2017\ 2] NEP= 20151 9
NEP Xt} 16.0%(101.7gCm?) o} 7}g 7|3 & F WAz 32 7
O Z yEtEth SPI7F 7H =9| 2018 d 2] NEPE 7HE 717H(2015-
2017\3) 9 NEP BT} B 34.4+12.9%(239.0£64.9 g C m2) Z7}3FA
CH(Table 4, Figure 2a). ©]°ll W&} TCKS] R, yept 1.16£0.100] ] 0.1,
TBK+= 1.34+0.13°. % TCKK.UF Rowe, S NEPS| 3| 3JA| 77} =9kt

ol oA 2017 NEPS] W3lo] xjo]7p dhAleE el A

—n

37198 € NEPE EAEtE TBKOlA = F2 584 108 A+

ool Y BEE Fa BAE Frtl o

o

Wojme) = el 4

-":lx_! _'\..-_'I'.!i ;-



He| AeAdeA 5340 S yEbs o, 20157 2017 9

9 NEPE H|welglS W A 717H5-109) T w2 v7F YR

2 YEFSTH(Table 4, Figure 2b). HFH TCKolH = F2 39oA 10€
Atolell F3d FFS sk Aoz Uehy Ydasd Rt A7z
o 1 Ao ® yekwtor, 201593 2017'd 2] 4 NEPS H| 13
S o A 717H3-109) T 2017 62 F-E] 108 Ale] NEP7F 2015
Wol e 717F B} 25.1%(135.4 g C m?2) A FAE Aoz e
wth Eoki-stakyl SPI7F AA A 2017 6¥€ 9 NEPE
503gCm? 22 20159 62K} 6.8%(36.6gCm?) Ao, W
2 H17F W¥ 20179 729 NEPE 183 gCm?® Solx 2015 7€
BT} 83%(44.9gCm?) A3t Aoz YelSt 7HEo] F5% 2017
W 8EHEl 10¥ Atolelli= SPIZF it -0.59+0.12F 20159 #2
71Zk2] -1.80+0.19 Kt} SPI7} AA =UAIRE, NEPE 23]

10.0%(53.9 g C m?) 7+4 3 21 0 & L}EFSTH(Table 4, Figure 2b).
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Table 4. Monthly net ecosystem production(NVEP) of two sites during four years from 2015 to 2018. Non-growing winter season was excluded.

Spring Summer Autumn
Total
Mar Apr May Jun Jul Aug Sep Oct Nov
NEP (gCm™)

2015 | 186 353 879 628 539.9

TCK 2016 23.7 43.2 72.4 42.7 565.4
2017 54.4 85.4 69.8 41.3 483.3

2018 25.9 85.0 75.3 50.3 614.6

2015 126.6 167.1 122.1 130.6 108.1 52.1 636.1

TBK 2016 134.6 145.2 1183 54.1 756.9
2017 1546 1644 98.3 129.7 1433 90.1 737.8

2018 151.5 1296 78.5 949.3
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Figure 2. (a) Relationship between mean annual SPI and annual net ecosystem production(NVEP) excluding winter season over four years from
2015 to 2018 at TCK and TBK (b) Monthly net ecosystem production(NEP) differences between 2015 and 2017 at TCK and TBK.
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] 9]

c

o] NEP x}o] 9HA3

20179 6€

el

o] AA TAs}

2~H
RS

o

TCKellA] SPIg} =

stz 98l 2017

slo]
= 1L

S9%E 99 Aol E

AT 20179 593} 69 TCKO EkFE3SHaFo] 8%

S

A ]

=
S

A

o] 1% 7Ag w NEP7} ¢F 1.94gCm?2d

2~H. 3
'T‘TEGI}EOE

o

20179 6€0] E

' Aashe A oZ YERS Th(Figure 3a).

HEE9 NEP TESH

o

1.3} © ™ (Figure 3b),

=} O
iy

7

)

Bk
N

ol

w

U-EFSk Th(Figure 3c).

gl

= H7E diEHd 2017 7€l

ol
L=<)

AT} 2015955 2018 7HA] 7

[e:
A

el

29l

=
T=

Fol 2017 79l 7H o 7)1z w7}

= 71538

149,174, 22, 10

ol
100

i

o

2

(Figure 4a, 4b), 725 7]
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2ol w2l 749 NEP7E HAshe AdE Bt wEbA 20179

79 20159 7€ Ht} o 7]

L
As)
=)

rlo

v 7F Wi Aol 33l
5o o8 F 9l do] #Aastown 2017d 7€ NEP7F
2015 7€ Rk At Ro® FlH I th(Figure 4c). T Yol Al
201578 2018714 7€) BI7F =& S oo ® FRAEAFEE

AReE NEP ZEO] ZadAE Fsklth TBKOA B W2 FRAAH
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Figure 3. Relationships between (a) daily mean volumetric soil water content(d) and daily net ecosystem production(NVEP) during growing
season(from May to September) in 2017, (b) daily mean volumetric soil water content(¢) lower than 8% and daily mean canopy

conductance(g.), (¢) daily mean canopy conductance(g.) and daily net ecosystem production(NVEP) under the condition of volumetric soil
water content(d) lower than 8% at TCK. Rainy days were excluded for analysis.

40

A 21

| &) =

LA



500
7400 +
g
=300 |
E
=
200 o TCK
O TBK
100 : :
0 10 20 30

Rainy days
Figure 4. Relationships between (a) monthly rainy days and monthly mean photosynthetic active radiation(Q), (b) monthly precipitation and
monthly mean photosynthetic active radiation(Q), (¢) monthly mean photosynthetic active radiation(Q) and monthly net ecosystem
production(NEP) in July of four years from 2015 to 2018, and (d) daily mean photosynthetic active radiation(Q) lower than 250 pmol m= s™!
and daily net ecosystem production(NEP) on rainy days during four years from 2015 to 2018 at TCK and TBK.
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1. EGTE82e 2ol NEPE] A
AT 717F oF 300 m A el YA F Qe ol zpo] s}

Sl e BaddxE =78tal ZheolM 3 TCKE B

4 Apolell=

y
k)
=
o
Hu
N
L2 W
mm
m
[\
S
(@)Y
"
OO
ilies
II
_vn
[\ ]
S
3
i
O‘\

20169 SAFE F AR EFFRFF Aolsh AA Fbetol

2017 7€ @2 H7F We)7] ol 7kA] 1 Apel 7 A& H 9lvh TCK

o ] TBKE.T} EoFFislako] ko oS HBXAE7] Qs F oA
Atole] g FHRARKET) xfo] 4 F dRoA € AeEke)

B des oA g vkl TCKE Tl
TBKEUT =2 73S ROtk TCKS EFFE3ro] TBKETF A
Al Fraskeld 2017 1€5E 42 Abo] TCKelA & TBKETE 36.5
mm 22 BS FHAto g 4u|skglor, 2016 102 5E 12€ A
olo]&= TCKolA TBKETF 152 mm %S B S0 7 ALg-&}o]
2016 10€95-E 2017 49 Alo] TCKelA TBKEU % 51.7 mm(%
2 713 Fre 23.6%) B B2 BS AH[d Ao® YEwth &

sk 2017'd 1258 49 Abolo] TCKolA = 4% 86.6 mm Xt} 3.2

rr
N
N,
rlo
~
N
N

mm %S 89.8 mmE FEAFOE AFEEH whd, TBKO A
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o B 333 mm A2 533 mmES SHANEFO R 4nE Zlow
UERRTE ol wet 59elx 98 Ale] HFAor FFPA s
sk TBKOlA TCKETE ¥ %2 =5 TEAORE AB[sHARE 102
ol 44 Ato] TBKOlA = FHA &Eo] 11, 440 FastA
U ols "olmey] wjie] SR
sto] ALy 53 EFFEEo] TCKe ol A FAsA ¥&
Aoz Azt vbd 1084 42 Ate] A& ASGEA FA sk
U TCKelA = TBKell Hla) o @2 49 &5 AT 4|
&7 wioll AL He EokgEREo] TBKET 2 3&EHo] F o
O EGFEEF Aol7t AXE AR AZFE tH(Table ).
TCKO Eofitstdo] TBKET & X tE dlow Faat

& el zpolE A4 o gledl, TCKE W7 T2 §f

i

WA A 4(LAD= o2k 2.5~3.3 AFO] Z(Lee, 2018), oS "Hojrmg| = 3+

¢
d

U SR w7 S Faxbdee] o] A "k
Valente et al.(1997)°] W= TCKS} Hl5=st AW (31242 /ha), F1L
(239 m), ¥1177((33.7 cm), 1813 FHAHXFQ.NE KOl Pinus
pinaster Ait Yol A7 800 mm T OF 17%7F AdE Ao R
et TBKAIA 1S "ojrmgl= 20161 11€e4 2017:d 3€
Abo] TCKE] FHAtEd-$-5 2 713F A 17%2 v&=2 A4t

S W 152 mme) AEIE SR Gl Fyke] asel B



7b BAEEgl o, olgfgh Yo R e 7|k TCKE ESTiEds

gl wet R HES(g)9 NEP7F BT A4S =, 2017 5€E 3
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& w9 shaFo] =& AL YFE(Hong et al., 2012; Kim & Kim, 2013;

Suh et al., 2014) 2 AFASFE A -1500 kPa(-15 bar)2] A &2 9xHS

T AEYAE Wton, B3 ¥F A (xylem cavitation) A&
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Table 5. Monthly evapotranspiration at TCK and TBK during four years from 2015 to 2018. Evapotranspiration differences between TCK and
TBK and differences between precipitation and evapotranspiration at both TCK and TBK are also shown at the table.

Winter Spring Summer Autumn
Annual
Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov
ET (mm)
2015 466 685 621 640 557 383 164 4824
K 2016 291 681 641 692 463 361 4526
2017 496 623 599 593 660 536 430 160 4617
2018 472 609 718 635 408 | 167 496.8
2015 27.9 625 425 489.7
TBK 2016 487 492 302 4983
2017 280 695 655 413 429.0
2018 346 652 680 385 5305
AET (mm)
2015 42 - - 123 85 -68 -42 41 -234
2006 16 04 36 71 27 28 59 63 -45.6
TCRTBK 5017 30 30 38 82 88 -119 17 40 32.7
2018 31 56 57 -10 134 46 23 61 -33.7
P -ET (mm)
2015 248 159 177 @ -81 611 195 137.6
K 2016 481 -28 399 319 562 496 29
2017 174 04 79 66 -49 2143 140 176
2018 109 14 306 597 1004 1324 265 958 1989 275 992 4938
2015 29.0 42 798 =290 -03 1480 37.3 [471° 153 1416
2016 497 24 435 248 367 408 2566 -298 -157 554 92
TBK
2017 204 34 117 15 166 2231 -349 -123 216
2018 140 -42 249 587 1130 1281 124 868 1855 229 1015 559
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3. 3 B-X|5 (R nep) S} legacy effect

I
=

Al
=

7hge] HAPY 2017d 6¥€¥ W 4R FFAo
A} 2017d 7€ ©]F, TBKOlAl 2017d 73 NEPE 20154
Hoy FA SIS oY, TCKOlA+= NEP7F ] &HEA] Xshal
20159 KT AGeA Fe Ao7 yEtk(Figure 2b). E3I T
AN 7HE F5 F 201899 NEP= Mg 7IZF & NEP Rth
S7Fet ou, TCKelA TBK Xty NEPS| 3|Ho] ¢ 2 Zo=
UEFSETH TCK S Reyers 1.16£0.102. 2 Gazol et al.(2017)2] 97~ A3}
% Pinus ponderosa®t -AFSH 3| E\HAFE HA O TBKE R. nepi

1.34£0.13 9% Quercus alba‘t Quercus stella BTk °FZF 52 ZA 07

eSS = 318 de Q= Ae=Z  YERNTY Gazol et

o

al. (2017)°] AToA EFFEdEo] & AGoA I HAF(R)7}
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TBKelA o =d Ay 22 AT Anderegg et al.(2015)°]
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TE2 legacy effect?] & F&F2 Wol 7ha T8 5 3 W] 4d0]
Ay wA 7hHe oA AR FeR  IHst= low
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ARG Fo] g A 3HEE ATFS Ho] legacy effects] TS

A WE Aem vehton, B dydd FAd s ~EdAD

47



ke TCKOlA 2017\d 82 olF®  NEPS 3 Eo] ©id Z
FAFSH T, o AEHAE TS dtollA legacy effect®] PFO=
AL ZF] 3lFo] =oxe= dJd> A HHE A F

=l (Anderegg et al., 2013), A 7Hg 7]

)
of

Ay
i
[
[
o
[
i

wol guizo] radAY AGE WTE @esiEe] Hasdl

(

e A 7] wolty. g Wejee dFoR Thmel Algds

Aol dEE TFSAA AR AsE st =Y, Tk
73

olFol Asl¥il, F3del HFest FF Fuol oAHIA Ao
ZastA "k 2 AFuidRQl TCKAA S 7He 717 & AdidQl
A el wistsE glsty] 98l A3 AT (Lee, 2018)2] Leaf area

index(LAI) =74 2=l NASASl MODIS 94 #AaE AFshs
22}Ql  AFO] E(https://modis.ornl.gov/)®] LAl A= E o] &35}
w233tk MODIS LAI #t5+= TCKS] 40 m E2 4 B9l HuE

7102 500 m AR F3b S et 49 HAC] ARE Y

>
ki
i

A Hro}l o] gt Aol #=3F TCKE LAIE ¢

32

ZFEE 20179 6oy we HIZE URE 2017d 7€ &

Y

Fo] ¢l o7 YEY S ™ (Figure 5a), MODIS LAIYA & 3
LAIS] 23 Aol= Qv Ao=x gl o] TCKOAAN T

AEYAE Qg 9HA A dAde §le Ao E UEFSTH(Figure

¥
riz
o
off
o
B9
o)
i

5b, p-value > 0.05). H59] FFdAFo=
4



ol&tZ

Az4

62l

Aoz YUESTHp-value > 0.05). 2017

28l

2 AL

2 AzZbE ) 2017 720

2o

e

]

%o

2 AZEd. webs Tk

s

o] -
AN

| e

Qo

A

AT

TCKll A TBKE.T} NEPS] 3

F ol

HpE o %

Kol
=

(n=506)

=
=

Baldocchi(2018)°] w=Zw w2 A A}

o

NEP7} 1,000 g C m-2 yr-1°] 7}7}h

B} A7 Aol el

T #5H TCK2 TMKE A7F NEP+

A

o

-
.

TMK®] NEP

2018d

g

E‘U%, ‘—}%—

B3

ol
00

ﬁo

o|J
HH

=
T

ARt 2 Aoz verwth TCKS TMKOlA €17+ NEP7} tf

AT AR Z

2 A7R w2

L=
o

ol ofids] HAaFrrEAY]

4

H

o|

g

Aol A NEPY]

49



AA GE F1HQ AE} BeF Qo

vlelel F7IRE A% AzkE sHEol
AF Avel gol YR FEH HAo

P
&
)
ag
()
o
<
Z
g
N
)
N
)
i
ofN
kil
ol
e
d
=
=

50



Figure 5. (a) Observed LAI using plant canopy analyzer(LI-2200, LI-COR, Inc., U.S.A.) at TCK and MODIS LAI at Mt. Tachwa over three
years from 2015 to 2017.
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Abstract

Differences of Net Ecosystem
Production Change between a Pinus
koraiensis Plantation and a
Deciduous Broad-leaved Forest over
a Four-year Period after Drought

Hojin Lee
Major in Forest Environment Science
Department of Forest Sciences

The Graduate School
Seoul National University

As climate change progresses, regional variability in meteorological
changes such as drought will increase and is expected to have a significant
impact on the carbon cycle of forest ecosystems. Therefore, it is important to
understand the change of carbon cycle of forest ecosystem due to drought and
recovery after drought. In Republic of Korea, the frequency of spring drought
is increasing, and the effect of drought on forest carbon cycle can be changed
depending on the presence of leaves during the drought. In this study, we
analyzed the differences of net ecosystem production (NVEP) change at a Pinus
koraiensis plantation and a deciduous broad-leaved forest where Quercus
species are dominant over a four-year period from 2015 to 2018 after about 50%

annual precipitation decreased in 2014.
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This study was carried out in 50 year old Tachwa conifer forest (TCK)
and nearby Tachwa deciduous broad-leaved forest (TBK). The standardized
precipitation index (SPI) at the study site decreased to -2 or less after July 2014,
and it gradually increased from March, 2015 to October, 2016. From November,
2016, the SPI declined to the lowest values during May and June 2017. After a
heavy rainfall of 523.3 mm (137.7% of the normal level) in July 2017, the SPI
has returned to the normal range (-0.99<SPI1<(.99).

The annual NEP excluding non-growing winter season in TCK and
TBK increased from 539.9 ¢ C m™ to 565.4 ¢ C m? and from 636.1 g C m? to
756.9 g C m? respectively between 2015 and 2016. And the NEP decreased in
both stands in 2017 when SPI and soil moisture content decreased the most. In
TBK, the NEP in 2017 was 737.8 g C m™, which is 16.0% larger than the NEP
in 2015. On the other hand, in TCK, NEP in 2017 was 483.3 g C m2, 10.5%
lower than NEP in 2015, and it was the smallest during the period of study
(2015-2018). In TCK, one of the reasons for large reduction in NEP during
2017 is that photosynthesis activity of forest ecosystem decreased along with
canopy conductance reduction because the soil moisture content in TCK
decreased by 8%, which indicates the plant wilting point under sandy loam soil
condition, during May and June, 2017 due to the severe drought from autumn,
2016 to spring, 2017. Furthermore, TCK consumed 51.7 mm more water by
evapotranspiration than TBK from October, 2016 to April, 2017, and 15.2 mm
of precipitation was not supplied to the soil due to the canopy interception in
TCK from November, 2016 to March, 2017, thus it affected large reduction of

soil moister content in TCK. In July of 2017, intense rainfall for 22 days
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resulted in a decrease in light available for photosynthesis and severe inhibition
of photosynthesis. Therefore, it seemed to lead to depletion of the energy source
needed for metabolism after drought in TCK.

The NEP both in TCK and TBK in 2018, excluding winter, were 614.6
g C m? and 949.3 g C m? respectively, which was the largest during study
period from 2015 to 2018. NEP in 2018 was 16.6+9.5% (85.1£42.0 g C m™)
and 34.4+12.9% (239.0+£64.9 g C m™) larger than that of the other years in TCK
and TBK, respectively. As a result, the NEP recovery index (Rc nep) Was
1.16+0.10 and 1.3440.13 for TCK and TBK, respectively. The reason why R¢
~ep for TCK was lower than that of TBK was thought to be due to the legacy
effect that the recovery of NEP after drought was delayed for a long time due
to the extreme water stress and the decrease of metabolism in TCK unlike the
TBK where the soil moisture content remained relatively high.

The results of this study show that the soil moisture content in Pinus
koraiensis plantation can be decreased significantly more than that of deciduous
broad-leaved forest due to the difference of species characteristics during the
drought period. Therefore, the NEP of the forest is decreased by the extreme
water stress and legacy effect in the Pinus koraienesis plantation, suggesting
that recovery may be delayed. The results of this study can be applied to
sustainable forest management plan, as drought caused by climate change is
predicted to increase the damage of forests.

Keywords : drought, eddy covariance, net ecosystem production, soil
moisture limitation, drought stress, legacy effect, recovery
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