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Abstract

The aim of this study was to characterize the emission pathways and the footprint of greenhouse gases (GHG) in Daecheong Reservoir
using the G-res Tool, and to evaluate the GHG emission intensity (EI) compared to other energy sources. In addition, the change in GHG
emissions was assessed in response to the total phosphorus (TP) concentration. The GHG flux in post-impoundment was found to be 262
gCO,eq/m?/yr, of which CO, and CH, were 45.7% and 54.2%, respectively. Diffusion of CO, contributed the most, followed by diffusion,
degassing, and bubbling of CH,. The net GHG flux increased to 510 gCO,eq/ m*/yr because the forest (as CO, sink) was lost after dam
construction. The EI of Daecheong Reservoir was 86.8 gCO,eq/kWh, which is 3.7 times higher than the global EI of hydroelectric
power, due to its low power density. However, it was remarkable to highlight the value to be 9.5 times less than that of coal, a fossil fuel.
We also found that a decrease in TP concentration in the reservoir leads to a decrease in GHG emissions. The results can be used to
improve understanding of the GHG emission characteristics and to reduce uncertainty of the national GHG inventory of dam reservoirs.
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Fig. 1. A flow chart that outlines the progress of this study
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Fig. 2. Location of study site and land cover characteristics of the Daecheong Dam basin
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Fig. 3. Comparison of different GHG emission pathways under (top)
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(0.8032+0.4594*log, (%Homsm* Ty * (1~ 10 (100r0-01419))y
- (100%0.01419%1n (10))
365 . 16
k_TTT Ok T %k
1000 12 34
4)
CH, Bubbling Emissions Flux (g COeq/m’lyr)
o LA .
_ 10(—1.3104+0.8515 logyo ( 00 )+0.05198 (CR,))>|< 365 *E*
1000 12
(5)

A7|M T= &% BA A2 4 Barros et al. (2011)2] A
At 27t F71eol wket CO,, CHy B4 £ 7t 57t
Z1-S- ¥ 5 (Harrison ef al., 2021), A (km*)y= Z4=Z] HZ,
SC (kgC/m?)= AF 29 (impounded area) 2] Z] & o} X
30 cm7kA] 9] B A S AAIZE %RAE A4 o] 9
EZ| 0 & F A7 AR5k QI HA 9] g, Age=H A
T2 o], %LAE A5A] RHL 0] A H]E, CRS A44]
2 AAEKkWh/m?/period) o]t}

52 WS ol ¥ A5l Bl Yols Bt 914 ol
2|9t -2-Follv 2] 9] g A4S F5H(Kim et al., 2019)
718 A/d517] whiol W AH|E H o] X[ohriol Hdx]sto]
HAE Fheketth(Park er al., 2022). R7F 2285 of
2ol glo] Bo WEE wjo] AT AR el th] F2
2 23 BE5=t oA o] CHy9] Degassing @] THEq.
(6)). CH, 2] ©7] /42 Bt HlE=F2 2085 9] 9%}
29 HER-H(penstock) 2] Aol ool 2 =, =2t
7 748 ik o] ASHRE sl A=A |4 A Urepd
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T} O] W] G-res Tool-& HFRL7} 420k o}afof| 9J-S 7St
< 97|24 F4otgth(Prairie ef al., 2021).

CHj Degassing Emissions Flux (g COeq/m’/yr)
(—6.9106 +2.950*log, , (CH, Di ffusive Emissions Fluz)
10 +0.6017*logy, ( WRT))*1000

- 1,000,000,000 (©)

Q 16, 34
* * * * k 7
CA*1,000,000 1000 0.9% 5

o714 WRT= & AF{ Al7H(Water Retention Time)©] ™,
CAE 9 W& (km?), Q& A7 WFHmm/yr)°]ct.

2.3.3 Earth Engine

G-res Tool:= <= GHG HIE=F2 4Hd517| Sl A9 &
2|4, 224, 715, EG 9 BEA 05 5 oefetal B2 HH
Eda =ttt o] o A EAEHH A =
sto] 4 =5 5 5 o e Aajglo] AP Hnh
SR 2bm JHE FEok=t] ARl @2 48 541
[t Y AeE AR SH|of A7 glow A H 9]

X @ F7FEEAYSE 4= QT G-res Tool2 FHH ARE
e A5 Foll Heboto] JE e 4= %= Google©] 7H
<t Earth Engine =22 (https://earthengine.google.com/)
O- &St T ol A A2t th(Prairie er al., 2017¢;
Gorelick et al. 2017a). & A7l A= G-res Tool ©] YHAt=
% 540] ofel 4 A4 o) B, Eof Al
g4 S Ag o =5 YA Mean Global Horizontal
Radiacnce)s @4 H|°|E]S Earth Engine2 53l 23519
1:]- Earth Englneg M—a I:HXH’ 7].%’ 7\H11/_]-’ 111:ﬂ Ma]: O]—El 1"\_

- Te, 7| ¢ |Ea} 3 oS 5 JFE o] A vhdRt

Areld ZAIE sl 2st7] 215 Googleo] gt ALt 752
Qa5 A7 720 A2 B BAS 918 Zo9E A
ZHE o]t (Gorelick et al., 2017b). Earth Engine 2] H|o| €]
ZHE R0l vt 9189 3 S A AR B1E AR,
SR, G B 7|5 s, EX| w)E, 2] B AR AA
HlolH & kRt 714 0 & AME7 s A2 g7t HlolE A
&a7t Qi

filo nE o) m{m

p

-

—_

24 QEAE 7Y

G-res Tool 7-5°] T Q3+ J2ixtm= 7] -F-%(Catchment)
B US2} A2 Reservoin) T YZHER Lol
x]r/} o o vl Qa4 oﬂ x]z\r 1:1:11—1 o]:[L 017]-_9%&
sl Q1 el A ol W, B4 m el go] gle

4 Hl-g2 Zﬂﬂl et At 287,485
JHERERS 874 mm/yrE A Hl4-3]
AR A= gle
o | R Q] A GAEE] 9 A o] QI e w2 ZH2 Azt
72,963, 4,051 kgPTHE HIZEITHME, 2021). =742 3
2] ZFABAAE(ME, 2004) 25 iy 4o EX] 1)k
AF 68%, 7AAYA] 13%, ZA] 9 =]

oA 1%

Hlge 22597
10%, 57 3%, UA19} 212 294, 712} i
4w 9t

Engine ©]-85 04 B2 AE JHotAUL 4HE 75%, B2
A 15%, ZA] D B52] 7%, F2A] 1%, A9 5210.01%=
UeRstth EG2 37 EG U f71=4 ol et 7]
E9K(Organic soil) 7 =4 EF(Mineral s011)9_§ Lo

A= -2uete] 739 i Fi =] El sttt

7] EFE 12%(FF 7o) 0ldel 7] ©A-E b rohH B=
J EHZ7 2.0 mmATh2 12% m[gte] §7] &AE S5t
THUSDA, 2014). G-res Tool- IPCCA| o] whe} 7] S of
27 EEE EY viEASE A-8ok=t thE-2
2715 HE 2853t

Google Earth Engine< ¢85t tidd /92 244

o 4| B =5 @7E2] 2] A o]E Google EarthE 0185
o] S A1+45.2 kmE LR 24 0] 79 Zo|(River
length before impoundment, m)©f| -85}t Sl #4= o]
7 7+ A (River Area before Impoundment)-= #4= ©]7 7%
o] Zojot§4 HA-& uj7H= Shod G-res toolof] Z3H
UE AXTAE o]-g35te] 5.3 km’ 2 AP E]| ATt

2

242 MEA| A e

AR Q1 el A2 = 1981 A H 2 7199
ARt oA |l 2] 2 242 T vl ef 2F S5
= ©}fl Table 19 HEFHAL, 7132 m= TSR 9] Hid |
W 747k Q1A of] =t 71 HE o]-85te] 101 7He] 4
H 7125 At o Wt 13.7CE A=Ak A4 21
EQF W] &4 T-5-3KSoil carbon content under impounded
area) ¥} A =5 LAFH Reservoir mean global horizontal
Sho] A2 AR

radiance)= Google Earth Engine-= 0]-&
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2519} 183 G-res Tool Hlof] ZgHE]o] Q1= 215 o]
Boto] 25 AFEE = Eols 2142 Bt -4 (m)
AAH]2(%), T2 2F5 2 ol(m), A7 AlH(years), 31 &
(ug/L) 5°] ZHETh 2 AoA = P o] FYIeE
Ui A8 9 s AE o2 A Qw5 A
SHA] o SR AS Y A= oA i 2 Ul 67) A
4] FQN =5 A5t

G-res tool=>  A5=2] GHG A= B7 oA 87| 2 -2
o] ot A A B WSS EQ‘}L 750l 23]
o] i}, thEA] |{19] A%, 0|23t 7155 | STalA A
BA= 2 7159 S84S5 72 E 159](Primary), 2]
(Secondary), 35=|(Tertiary) S -2l F=o{oF gitt. thd &
2875, YA, T2, Wi eSS BHCER
2= E“Cﬂ B8 2485 vl-gait-g aefsto] 2 =9
FTREE At & 3u = A2 19124 2
ZF40%= PHota L, B4 283 T FAP 0 2 7.5%,
SRR RGE 39124 5% st 123 g
42 2] /A8 828290 MW, A7FE 2R 171 GWhiyr

i

l

2 JHSIHTH(K-water, 2021).

243 £ s&

H AH2]o1 4 GHG wiE 542 228 TE2 ded
off ofet 7= W33 A7, AP, =4, a8 2ol
A AT F/dol w2 CH4 A 5o 2 Fde d=
g, o122t Y= 225171 150 G-res Toolol M= FF ¥t
B7k9) a3 JFA Q10) S Mgtk A0 o 5
T L o] B3k} (| 2A|7FS o] 85te] 7HE R 0 2 Atel=

Hom, “J%.*E B l*}%c&%ﬁﬂ %Ef Table 3oﬂ AN =
R} 7¥o] 4.352~108.806 ug/L 2] M9 2 A5t HolAl

Table 1. Reservoir data used for estimating GHG emission in Daecheong Reservoir

Item Unit Data Source
Longitude of dam DD 127.48 Google maps
Latitude of dam DD 36.48 Google maps
Reservoir area km? 72.8 K-water (2016)
Reservoir volume km’ 1.49 K-water (2016)
Water level EL. m 76 K-water (2016)
Maximum depth m 51 K-water (2016)
Mean depth m 20 Calculated automatically in G-re Tool
Littoral area % 8.647 Calculated automatically in G-re Tool
Thermocline depth m 0.7 Calculated automatically in G-re Tool
Water intake depth m 24 Calculated automatically in G-re Tool
Water intake elevation EL.m 52 Lee et al. (2011)
Soil carbon content under impounded area kg C/m? 20 Google Earth Engine
Annual Wind Speed m/s 1.40 KMA (2015)
Wind measurements height m 10 KMA (2015)
Water residence time years 0.2781 Calculated automatically in G-re Tool
Annual discharge from Main Intake m’/s 166 K-water (2016)
Trophic level - Mesotrophic Calculated automatically in G-re Tool
Reservoir mean global horizontal radiance kWh/m?¥d 4.2 Google Earth Engine

Table 2. Mean annual phosphorous concentration of Daecheong Reservoir for 11 years

Year 2011 2012 2013 2014 2015

2016 2017 2018 2019 2020 2021

TP Conc. (ug/L) | 31.167 | 20.167

20.833 17.667 | 15.167

26.500 | 22.833 | 32333 | 21.333 18.167 15.500
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Table 3. Scenarios of total phosphorus concentration for evaluating GHG emission flux changes

Scenarios -5x -4x -3x -2X

-1.5x 1.5x 2x 3x 4x 5x

TP Conc. (ug/L) 4352 5.440 7.254 10.881

14.507 32.642 43.522 65.284 87.045 108.806

Aol 2.0) S B $2 Szo] thet vha-g ek
20] e BiE g2 el e B 71 onlaiet,

SHA MY}
T /dEloll A g #4219 AZF e Hl
COeq/m*/yr2 AR E|QIch vi& HeE s
A gta wiEF 5 t7]-H AARE T8 CO, T4t
HjE5F0] 109 g COseq/m’/yrZ2A 71 ok o m A viE5F
0] 45.7%% 2HA|5HTh. 71 tha-2 CH, 9] 2HK(Diffusion),
HEZ A ©7](Degassing), H 5 7] I 8}&(Bubbling)©] 2+
Z}74, 48,31 gCOsq/m’/yr <A1 2 HSkTE Bl E H 2 5 CO,
9} CH, 2] E-AFeHto] A 2] 70%5 Aok -2 g 5.9
Flo] a1 A A A tfu] SRR WA o] 22 Zo] ¢
olo g2 AtgHc}, dubA o 2 CH,O| Ml &2 #A4+A] 41
o] el E4& FAdtH, At 23t SRR WA H-go|
245 375, Bubbling= 53 Bl &2 S HE A7 -
A & 8 BAFO] 255 571ITh BubblingS &3t HiE
2 F= 40] 10 m ofse] AR A ARk, T12]al C
9] Degassing= &3t &2 42959 9|2t =&
o] Alof el AR =W, -2 -8 dlart
SHFE ol= A5 oA IA vrepdt) v, s
et ot 84353 8424 ofs A H
B2 9P WR-9] $1217FSS(EL. 52 m)°f $1A1IskL ¢l
Degassing= &2 HiE&o] i o= 42 710 2 et
o}, i Hak -GARE 7] o of] &3t 5-=1-9] Sinan 73l 12| 3F
P A Jiang et al. (2018)©] G-res tool= ©]-8-5}1]
A4S GHG BlE3-2 367 gCOseq/m?/yr o™, thyH 2
o} 40% & A LR T 18U ElkE A 2 24014 COo,
o] 39% 2 7P 71T 210 H, T 2 CH, 2t &
7], 713 vljZ0] ZYZ¥ 40, 36, 24 gCOseq/m*/yr= =0 & AHY
o] thdHt FARE 2302 ok

rr
o M o

W

[>

s

[\

()

gq d

o 4T g

=

)
mﬂ‘.

N
>

Al
Moo

(e]

—

O:

G

_I
!
© 0 4y

=

—_ —_
i H AZ eSS | A4 o] (Post-impoundment)
o] v &= A 734 o] A (Pre-impoundment) 2] FH-S ] 501

AP Rt Geres tool ©]-&5te] A gt At ch | 714 o]
7262 gCOseq/m*yro] &= H 7449 o] Hofl= 248
gCOseq/m*/yr2 FF2] 0 & 4= GHG ¥A=0] 510 gCOqeq/
m?/yr2 AP =2 th(Table 4). ©] wf, @o| AL =]7] H o] viE
o] o gro 2 A A2 | A4 EX 15 5 75.3%
7HAt 0 2 FAEe] GHG Y224 983 37| &
o|ck. vhH, A 714 o] o= F viE=F thH] CO,2F CH, 2] HI&
S 77} 41.6%2} 58 3% =4 CH4 Bl E3H(153 gCOeq/m*/yr)
0] CO, (109 gCOeq/m*/yr) E T} 36 gCOeq/m*/yr B kTt
1215 23t= 2 AlA A2 2 2 GHG HlEE 4t
st Ax} CH,Q F3Fo] A= Deemer et al. (2016) 2] A+
Aot 2 gz

Louis ez al. (2000)-= T H <22} 5Lt 7| Fehol &
Sted) &8 715 H2] 24 0.2 km? oA H | 2500 km?* T2
Ol 16719] | A2 E Vo= Co HiE E A5 A &
Aol A5 skt 1 27 CO,2F CHL O E3t HilE
E =518 gCOxq/m’/yrE2 AP E L, o= FH Aol
A g A2l A A = GHG BiE3) 34 23t
o|tt.

QA 7271 JTHIE B|(ME, 2020)014 & #1422 2]
GHG BIE7-2 IPCC 20063 A of| AIA1H Tier 1 9 of| wh
2 4Pgstar glom, 7 W o] f- At 42 £35S HHgsHA]
41 E dlof] DG 3 HiEAIG(186 gCOseq/m?/yr) S A&
st it FHH Aol A] Tier 3 <<0f| slidok= G-res Tool-&
gt Autet vl w7, 71 U2 W GHG Hil&
2 oF40% BE HAagrtols AS o 5 Arh IPCC=
200613 23 o] B2 7R A5 2160 2019 =78 2|3
ol M= A2 o] RGFIENE F7H o= aefstal Qo

Fig. 4= G-res tool& ©]-8-5to] AP gt th i | A 4=2] 9] &=
GHG &t HAA 4,7867] | A=2]9t 0] F-FLet 715
tjof] 3t A 242 of| A 4H et ATk S| AE TI71 0 = H]
w3t J=folct. A A|A| H A 4=2] Hlo]Eli= G-res team©]
B35t Q= Tl e of| A AlgE Aot vlw A}, th g H
4219 GHG <= WiEd2 3o Bt =2 43S Hol1
et olg et Atz i | A 9] =, 44, T3 59
o] Ezo]g- £/t o] 912 A 0 2§54t lon and Ene
(2021)2 27| F<] Fapfole] Stanca-Costesti A2 &
AT O 2 G-res toolS ©]-851] GHG UA=-2 A5t

(]

=
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Table 4. Net reservoir footprint of Daecheong Reservoir
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Predicted emissions Post-impoundment | Pre-impoundment | Net GHG footprint | 95% confidence intervals
Total emission flux (gCOeq/m>/yr) 262 248 510 (481-542)
Emission flux of CO, (gCO.eq/m?/yr) 109 -249 358 N/A*
Emission flux of CH, (gCO,eq/m?/yr) 153 ~0 152 N/A
Annual emission (tCOeq/yr) 20,529 -18,025 37,113 (35,031-39,443)
Lifetime emission (tCO,eq) 2,052,859 -1,802,495 3,711,262 (3,503,136-3,944,304)

*Not available

510 gCO,eq/m?/yr

The number of dam reservoirs

Net GHG Footprint (gCO,eq/m?/yr)

(a)

The number of dam reservoirs

Net GHG Footprint (gCO,eq/m?/yr)
(b)

Fig. 4. Net GHG footprint of Daecheong Reservoir compared to (a)
worldwide reservoirs and (b) other reservoirs located in the
same climate region

AH AL 12,000 km’E T Hof| v]af eF 2,98 & FH0]
, A5 AL 59 km’ 2 i} .28} 2}, SEAITE B
2-8-2 1| Wot3-2 1 Stanca-Costesti A15=2]= 714 ¢
AF 0] H]-8-2 EA5H] 16%3] ¥, tid e A4 A
o] Ex] m]EH]|-g0] 217} 75.3%2} 68.5%E M A5t
A7 A AFRA G2 |REAE F5ol= 7]
A T A5 2 HoPA A BhA HiE .0 2 ZF-8519]T. Table
40f] A% Pre-impoundment 714 B4
-248 gCOseq/m*/yrE BIAIS 739, Post- impoundment Z-71
ol A B4 Hj & Z3 A 262 gCOseq/m/yrs SLSH 715 H o]
&3t 2] &= A0 FARE 3hofl st

2 A AR CO, HilE E= A5 Chung et al. (2016)
A8 AT Ao} B W5 EE Chung ef al. (2016)2 T

H 4 Ho

Y g ol 4

_94

N o

H AR E WL o2 42 pH, 42T, Chl-a, 52 5
H 2 ARg-oto] b2l BdS Zidskoith HdS o]
5ted 201297201392t e 2 U CO, viE S
= APESISIT A CO, HlE2 drdat AFd el o=
7H ®E/do] A YeiteH, AEEFTE 1234
2 o5 H o= AAstnh 55], F5del slidsh=
2012W9(A743F 1,522.3 mm)-2 945+1141 gCOeq/m*/yr
2 B30 20139 (A7 1,125.9 mm) 2] 281592
gCOseq/m*/yr KT} 3] o] FA| AP =] ]}, B Aol A]
A5 CO, BlE 28 29} Chung er al. (2016)°14 A4
Fro] 2 2ol & Hol= o]f=AMY 717t} i o] 2tolof] 9l
T}, G-res Tool-= 100 7S] &AM &ESF S8 AL T o=
HHA, A A= 574 alloll et A A xto]| sidett.

oo i

roHr

3.3 Ch9| A3 At B E S ot

A T (Power density)3F 4|42 2] T2
BFom ity os HAYULIL g
A|5-2] A o] A 9] AL HAHE o] 7
H, GHG Hi&7} = (Allocated GHG emissions intensity) = A3
AFE] of 4 2] SOl Bl & E = GHG O] 90 2 A o] = H(IHA,
2021), HiESH T 0] gho] 245 T4 o] &2 oA
E AHESITH= RS oJu|ITHKEA, 2015). G-res tool ]| 4]
AP E iy o] MW == | 2 W/m 2 WERG Y GHG Bl
ST = 86.8 gCOeq/kWhTHFig. 5). ©] 2 Xt ==
GHG Hi&3H(37,113 tCOeq/yr)% SR AH]2(40%)
HE &S A7 171 GWhE Weo] AP ghol
o IHAZFAIA12] 500 71 2] | A2 E tF O = G-res
Tool& o]-§5te] A et Ao w2 H =2 W71 9] GHG Hj
ST S Yt (median)2 23 gCOeq/k WhZ4] T | o] vl
S73 5= oF 3. 78] of| s iet. thE A ol | 2| At vl W g
S uf] £ 2A(12 COzeq/kWh)Tro] - 8HA B ot o] Wt
o gjofgol A 2] = 48 g COreq/kWh, 7h29} AEH 7F7F
490 3 820 g COeq/kWhHEHIPCC, 2019). T &
Ao S = Hi el A ot o 52 GHG Hil&
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Fig. 5. Power density and GHG emissions intensity of Daecheong Reservoir along with other dam reservoirs (IHA, 2021)

=g v AehE AREE wE ot 9.5 ] GHG 414 &
VS 7T B A A AAE BN ANA (Clean
Development Mechanism, CDM) gt A %137} 7 e Ad=o]]
S22 TR s AEAG oI th(Kim, 2021). CDM 3
3 193] e I O Ha v ST Tt Eetd g o2
QAo HHAUETH4 W/m? B|RHQ] | 2]5-2] 0] 749 &4 &
A3t 150l A A IAIATE THA (2021)7F AAIGE ZAFA T
=, 2 AlA 40094710 A2 E Tl oz U S AT
gol= o o0l 4 Wim® B]gte] sfdstgom, e 9
75 Wim? o1/l wf GHG HiE7 == 100 g CO2eq/kWh
£ de 4 o= AT TAE AASHItHFig. 5).

3.4 20| M2 GHG BiEY IZE 24

o 447 9 58l w2
M%) 2.9GA1) F-a 5 Tilo] BT Sk FGF A5 oA
AP E ZRABEFAE)E FEAS o] 5

ALt th71] COE R et AR ARt f7]&& A dotH
(Whiting and Chanton, 1993), Z72] AP} Esji= 25=2] W
PP L-GEF 710 o8 2ol Y& =Th(Bastviken
etal.,2011). 72 QS| AAE WH7 Y 71582 5714
2 A71/d mAEof ofal] ZofiE o] HFA 0= CO2F CHy
AR G-res tool A= CO, o T4 E EH A 4HY 3]
Ardof TP 57} A tE] of FGF 2] ol A= T4 b
E5o| V1Rt whEbA TP ‘w ol T2 GHG vl &) 41
Ae] NgE £ SR1I5k7] 915l 48 TP 5 & -58olA +5
Hl(Z] 4 4.352 ug/L~Zt] 108.806 ug/)7HA] T HSHA]
7 GHG Wi &% 3] melatolthFig. 6). & GHG Hi&%
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Fig. 6. (a) Total annual GHG emissions (tCO,eq/yr) and (b) net GHG
flux (gCOea/m?/yr) according to change in TP concentrations

(tCOseq/yr) T} 2= GHG &2 2(gCOseq/m*yr) ¥ 91 5
L7t STt et 219kr0] JE g Sk FAIE B
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!
=

=0

& 10 ug/L 4 A GHG S8 A= t=F 13.8 gCOeq/

o

mPyr 45191, ol2IR Ak 9 45A12) S o] B

& REA GOl E Ego] B 4 lrke 2 ejulatt,
i O FAT F

A 4oF T2 JA=H O] Foteol
A3 Z279] 12} A4 (primary production)©] -2 HHF
A2 M= NGY E SIS AT Eot e HA T CH,y
EgFo] o ol B 1 QIck(Narvenkar et al., 2013;
Deemer et al., 2016; Beaulieu et al., 2019). E3t 34~ §| 4 &
= AFSRH AEA BA oA & 12 A4 T CH, S Atol
O] SFo] AT U= A THWest et al., 2016). Deemer
etal. (2016)] A7-ZAx}of| oJ5HH, | 22| A CH, Hi&
£ A9} Chl-a 5= 7% o] A A7 QLA G H
of wiat EA| A o &2 -§-2]u| 3t 2}o](Kruskal Wallis test, x> =
16.8,p<.001) & H AT} 53] YL A2 = RG9S A4
2| Kot SQHAT CH, &) oF 108 o 2 A o= 1}
Epstet. ofzfet Aok 2|92 o 2 Bu|, A9dl, 7yt o4
o IO 4= 9l |0l A T E G OH, RS 5479
| &5 F(mesocosms) A4 CH, BiEFo] 12} A4t
T Q210 olof 7Kg & A S th= A2 ket YRRttt
(Davidson et al., 2015). ©| &3t AI}-E TAZ IPCCL] 2019
| Z-(IPCC, 2019) 014 = =7HE 247k I E 2] 4HY
(Tier 2)°lA4] | A5=2] 9] CH, ¥lEF= A5k 4% A5
2] FLSHE efoiA et o= AT
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