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Table 1. Climatology anomalies of the global mean temperature and precipitation
from RCP and SSP scenarios in the period between 2081 and 2100 that
compared with present climatology (1995-2014).
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Summary

[. Title

Development and Application of Methodology for Climate Change Prediction(X)

II. Background

It is necessary to produce the global climate change scenarios complying with new
international standards and to analyze climate change in the East Asia and Korean
Peninsula for responding to the IPCC 6th Assessment Report (AR6) and supporting the
establishment of the 3rd National Climate Change Response Plan (21 - ’25). The demand
for the climate change information and the analysis of its impact is also increasing like
the special report on Global warming of 1.5 C. To reduce the uncertainty of estimated
greenhouse gas, the quantitative analysis technology for spatial-temporal distribution of

carbon emission and absorption is needed in the East Asia.

IMI. Objectives

- Develop and analyze up-to-date global/regional climate change scenarios using
climate models on the basis of the CMIP6 experimental guidelines

— Produce and analyze the up-to—-date ensemble global/regional climate change
scenarios

- Develop a technology for observation-based integrated monitoring and analysis

of the carbon budget

IV. Research and Results

The framework for producing, monitoring, managing and displaying climate

change scenario data has been improved in its performance and stability by
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increasing and expanding of the efficiency and functionality, respectively, of each

component such as BANMOS, postprocessing, and climate DB, and others. A new

graphical display program, Viz—ESM, has been developed and implemented for

improved sharing and presentation of the climate change scenarios.

Improvement of the monitoring system for producing climate change
scenarios (BANMOS): 1) Increase the number of displayed variables from
12 in the old system to 81 in the updated system, 2) Reduction of the
calculation time for displaying updated model integration data.

Improvement of CEDS: 1) Refine the user classifications and associated
level of access allowance into root, administrator and user, 2) Upgrade the
search function by adding user-defined attribute information and the search
command for specialized logical operators.

Improvement of Viz-ESM: 1) Launch the service for the IPCC AR6 climate
change scenario (SSP1-2.6, SSP5-85) through the Vis-ESM homepage, 2)

Addition of displayed information (variables with altitudes, time series, and so on)

To contribute the IPCC AR6 and to provide the scientific information about

climate change for responding to New Climate Regime, climate change scenarios

have been developed using K-ACE and UKESMI1 on the basis of the new

greenhouse gas concentration path SSP-RCP. Also, the sensitivity and feedback

characteristics of the K-ACE model have been analyzed using idealized CO,

experiments for reporting the model characteristics to CMIP6.

Results of the SSP2-45 and SSP3-7.0 based future climate change
scenarios using K-ACE project, compared to the present-day period
1995-2014, increases of the global mean surface air temperature in late 21%
century by 25K for the SSP2-45 and 37K for the SSP3-7.0 and
increases of the global mean precipitation by 6 % for the (for the SSP2-4.5
and 7% for the SSP3-7.0 in the late 21°' century 2081-2100.

Climate projections using the UKESMI1 in conjuncton with the SSP1-2.6
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and SSP5-85 scenarios yields for the late 21%' century 2081-2100 period:
Global-mean surface air temperature increases by 2.2K for the SSP1-2.6
and by 6.0K for the SSP5-85 and the global mean precipitation increase
by 6% for the SSP1-26 and by 11 % for th SSP5-85 compared to the
present—-day period 1995-2014.

e The ECS and TCR of the K-ACE are 483K and 2.07K, respectively,
mainly due to stronger positive SW cloud radiative effective (CRE) feedback
and stronger negative LW CRE feedback compared to the CMIP 5 models.

NIMS/KMA has published “Future Projection Report of Global Climate Change”,
which analyzes future climate change data based on the new SSP scenarios
(SSP1-2.6 and SSP5-85) for IPCC AR6 using two climate models K-ACE and
UKESMLI.

e The results show that the increasing trend in the global mean temperature
and precipitation in the future is larger than those of the previous RCP
scenarios; the projected global extreme values also increase is also larger
than with the previous RCP scenarios.

e The global mean sea surface temperature in the late 21%' century period
2081-2100 is projected to increase by 1.4K/3.7K (SSP1-2.6/SSP5-85) and
the sea surface level 1is projected to increase by 52cm/91 cm
(SSP1-2.6/SSP5-85) compared to the present-day period 1995-2014. In
addition, in both scenario runs, the sea ice extent in the late 21%' century

period is projected to be substantially smaller than in the present-day period.

The change of the mean and extreme temperatures and precipitation in East Asia
(EA) under the stabilized 1.5 C and 2 C warming above the preindustrial levels has
been analyzed in response to the Global Warming of 1.5 TC.

e It is found that the magnitude of the mean temperature increase over EA

and Korea under the 1.5 C/2 C conditions is similar to the global mean;
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however, the inter-model spread for EA is larger than for the globe. The
precipitation increase in EA and Korea is larger than the global mean
under the corresponding warming conditions.

Additional increases of the global-mean temperature from 15C to 27T
increase the episodes of intense heat and precipitation events that are above
the 90 percentile values. The increase in the probability of intense precipitation

events 1s largest for the entire globe, followed by EA and Korea.

We joined the CMIP6 Aerosol and Chemistry Model Intercomparison Project
(AerChemMIP) using the UKESMI in the framework of KIMA-UKMO science cooperation

program and analyze, in particular, the aerosol-climate interaction in East Asia.

The global mean effective radiative forcing (ERF) of near-term climate
forcers (NTCFs) in 2014 has been decreased by 1.12 W/m? from a
pre-industrial period (1850) primarily due to the reduced shortwave
radiation by increased aerosols. The response of the atmosphere to the
reduced shortwave radiative forcing has resulted in  Northern

Hemisphere-side decreases in the temperature and precipitation.

Surveys have been performed to improve the application of climate change scenario

data at domestic institutions. The scenario data are registered to the CMIP6

international data center via our own data node.

The survey results show that most of the responders are interested in
precipitation and temperature data and preferred to obtain the scenario data
directly from NIMS.

CMORization (including quality control processes) has been done with the
all produced CMIP6 climate change scenario using K-ACE, and data
publication to CMIP ESGF has heen completed by building ESGF data
node for data transfer. — You can download through the CMIP6 ESGF
data portal.
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Evaluatons of the regional climate models and CMIP6-based historical regional

climate simulations have been completed for the preparation of the reional climate

change projectons based on the CMIP6 data. The effects of atmospheric rivers on

the precipitation characteristics over EA and the sea-level changes related to the

changes in glaciers sea ice are also analyzed.

Performance of the East Asian group models participating in the CORDEX
has been evaluated. Performance index is useful in intercomparing RCMs.
Regional models’ performance varies for regions;. the models generally
perform better in the eastern part of EA including East China, Korea and
Japan, than in the western part of EA.

Using HadGEM3-RA, the UKESM-based historical regional climate
simulation was performed over the CORDEX EA region. HadGEM3-RA
results show cold and wet biases compared to the observation data;
generally, temperature (precipitation) biases are larger over the at land
(ocean) than over the ocean (land)..

The AR frequency over the Korean Peninsula is highest in summer (15 %)
and lowest in winter. Over 35 % of the summer precipitation in the Korean
peninsula is associated with ARs. The occurrence of ARs result in
above—both average and extreme local precipitation intensity in the Korean
peninsula. Thus, ARs are likely to induce more extreme hydrologic events
in Korea and the EA coastal region.

The sea-level rise due to the changes in ice sheets and glaciers is
estimated wusing the HadGEM2-AO data and compared against the
ensemble mean values based on 21 CMIP5 model data. It has been found
that the amount of sea-level rise from the HadGEMZ2-AO data is within
the range of uncertainty of the 21-model ensemble mean.

The climate change monitoring produces high quality carbon monitoring
data at the surface remote sensing stations to reduce the uncertainties in

calculating carbon fluxes. For estimating the spatial and temporal variations
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in the carbon sources and sinks, analyses are performed on ‘the short-term
variations in the FTS CO, associated with environmental effects’, ‘the
carbon-flux characteristics over East Asia, and ‘the elements that affect
the CO. concentration over East Asia’.

¢ Established a high quality carbon monitoring data production capability by
improving the FTS environment of the Anmyundo station and associated
data processing.

e The NEE data from the 2017 East Asia Carbon Tracker (CTA 2017),
CAMS, and FLUXCOM reveal that the uncertainty in the NEE over East
Asia is affected by the land-cover data.

V. Expected outcome and application plan

o Establish the technology for the observation/monitoring of the carbon budget
towards comprehensive monitoring of climate change.

e Carry out the tasks for the major government project 61-3 including the
development of up-to—date climate scenarios and the analysis of the climate
change over the Korean Peninsula.

* Developments of climate scenarios and associated analysis toolkit in support
of the 2019 “Global Climate Change Projection Report (K= 7|33} =7
B 3A4)” for developing policies for the mitigation of/adaptation to future
climate change.

 Improve the nation’s international status in climate change studies by
participating in international activities such as the contribution to the IPCC
AR6 and providing climate projection data to international communities.

e Support the climate prediction service for the operational long-range
forecasting and stakeholder through the establishment of the Seamless Climate

Prediction System.

- Xxi -






20199 QlEU| Aotel A F o] A AbEo] WAl B ofo], TN 9] WAT
Aol el AUES AAA 3 Qrk vF $FFFRE FF ABZ BT
17} A3 17km A7 2 Sol ol A =

f_fL
b ol e Aoz FRA ATFLUE BoR 15k 1 - Az AHA

[o}
N

-

sheka
& AHEo] RIWS] WSk, Abael o3 WEH olibsteths A2 dstE Tt
ol=3l x&w 1 gt Al A 71717 (World Meteorological Organization : WMO) 2]
H+ dgel WE, 2015~2019W AT H 7] AF st o] A1 71(1850 ~1900%)
Hoh 1.1 C 458t 2 5do] AAV 7S B 5d o= 7] 5ete et ddatsit
T3 2utsle] Fol olakstet 4 o] ] T Hiw ol 20199 el = 410 ppmoll =8
stV 23 Ao R Hol QA 7HE 7k E S A7E G E T

A9 FEFol T 7IFHI= FAAITE TR S - tHAsoF & EAR

P

W&o WA FAE PAS wE ZEEZ o]o] 20151 BE =7}

= Tl g d A FAHekE vhds] flal =35
I -9tk 7]1E W Eke ek AR 7 F o A (Intergovermmental Panel on Climate
Change : IPCO)& 7| $¥ 37t E B1hsle] 7| $RistE #eA oz Q53

QoM AAARAe /1 FHs 45} A A FHS 9 AAH ZAARE A

2013 IPCC AI52F ¥ 7}H 314 (Fifth Assessment Report : ARS)E #3Hsl¢]ow
20213 A6} B 7FH 314 (Sixth Assessment Report : ARG)E &HS H3¥ 2 =8 Folt}
A 714717 2bske] A7 AT 22 23 (World Climate Research Program
WCRP)= ZgE A4 sH a2 AE (Coupled Model Intercomparison Project
CMIP)E &3l IPCC B7traix o] 38t ZAREE Alggth IPCC AR6 &2 913
CMIP6= 7]=9] 24d7tas®: F R AR Z A4 BR74A v e = 7] 53}
Ae] @ 7 & (Shared Socioeconomic Pathway @ SSP)E A3l tHEyring et al.,
2016). =713t A 0w 53 A A 2" R E] K-ACE (KMA Advanced



Community Earth model)®} =714 2] 5A4d8 2 Avg| e tdsts HHo=
UKESMI (United Kingdom Earth System Model version 1) 225 AF8-3lo] CMIP69]
zhelstar Ao

ol AXel+= CMIP69 ScenarioMIP #Fol& F3 K-ACE7|HFe] SSP2-4.5,
SSP3-7.0 Alyhe] 2 9F UKESMI1 7]8Fe] SSP1-2.6, SSP5-85 Z3& AF=3t). B3
TEE Mes EUE AFEE ARG &S A% Alat AT 715 AR s

A ) - 9] 7SR AFYE e 71olstr] s ASATAAE AT
A= AlvEl e doly F4 A A A F A4S S0s Aol CMIP
AE] (Earth System Grid Federation : ESGF)ell S A& A Al Ao Au]2 & oA

PR

olt}. CMIP69 g A& = K-ACE 229 EAARE AF3st7] ) 7|&vids 2
|y = By Q45 A5 o, CMIP62] AerChemMIP X~ 2 A Eof o] 5fo]
|

9
2

2% sl d S FPstal solrlof A QY doj2E-7|F JEFS ol 1A} ST
TS 2018 91 IPCCe A3t 15% SHR A o #dste] -2y s
gk FopAlob Aol 1520 C A F=3t Alye]l s &5kt

FeuEbe] A 97| sHst 54 5 7R A AR A4S A% A A gseith
CORDEX-EA (COordinated Regional Downscaling EXperiment-East Asia) 2% ol
Fodste A97FRAE R 5S Hrteta e CMIP6 A 7 A A (UKESM1)
A HE o] &3ted HadGEM3-RA (Hadley Centre Global Environmental Model,
version3-regional Atmosphere) 7 7]% oA E S 435t th. AR (Atmospheric
River) #At5E& &Aste] AR 5 A9 ghutrolAMe F JaFes AR
HadGEM2-AO (HadGEM, version2 - Atmosphere Ocean)”]5Fe] W A3} Hlsfol o] 5t

vle) slRE 45 ASAch BobAlel ¥ FWE Ao nFL @i PA ARE

el
Lo

AArslal 347 o4&k & FTS (Fourier Transform Spectrometer : L&l B 9k &4=
EFAAA) CO, IS Az o @] s Fopalof A AA F5 2o 54 9 CO,



st Alve e Al e i

ko3
T

A1 A 7]

e I S E AT
o Ao 23

3

D

IPCC A6k

e

5 17] 4 o

g

g g = AA

2 23 DB #g, 33+

b7] 91k =

S

olo

= 20199l 7i%

ojm, Fx A

Uy E Al Z~="(BANMOS) 74

Ayl e RYUEE Al2d BANMOS (Backup

9

]

o
and Monitoring System)2] 2019 74 A}

b s

HE FEo] &

5]

16

<7ttt 7]

=k

&+
et

mo

1) 24YH

"
1o
Mo
el
ot
2

dol & A ol uhet, 81

FAtH(Fig. 2.1.1).

J|

s}

£ Al

=\ =
=5 &5

PN
T 3

fe13
=

]

0
o

bk ol

)

Ao A

8

e

]

A

)
o
il
B

il

Y=

P
T

22g)o]

U A

-
o

ol A

A7F At o] EAlE ) A3sFaA wiki_name+“_check_file_path.txt” 3}

=z
RN

SERS
2 ARNAA BUEE A

]

‘

FA T nH A

J|

g8&Hoz A

o)
=

il

B

i
Y

o

of nt1A ] 2AAE &

=y

3) AFH oz A



sk, o] s BEl Aj7lel] wE AAIGD gho]l A7E o] Ut} ¢
Al ' A= AAIES 18]7] 9]¢ AFEE o] NetCDF 3+ (nc)ol L at, o] H /A&
ol H2E gAd(txt)® AEHAT o] HAE A5 Asom Wjo] 5
CaEY S B AE oo Al A" O FE Xy 98 A FalE o)% =
el WS A

T FE 229 Aol BANMOS &2 thi WHAE 5 thez =7t 7b

)
=z
2
1o

rr
m

>

git clone http://red.kma.go.kr:1080/sainy/banmos.git

T an AE JHOIEE the WHEE ARSI

/banmos/> git pull

= ' = T
i = -y e z

,/‘
i

BANMOS v2.0.0 Output

st -
Ve n ™ L - ~ .
/M | i
s
5 = S . . )
“‘\.‘;\ %{{;‘
s e
W e ot A
> \\,* ey
A Wadmos A A ¥
e ] =22 o S

Fig. 2.1.1. BANMOS monitoring system of scenario production framework for CMIP6
simulation with K-ACE model.



2. 7|1&xndzg DB /A

(1) AHE&AF A% 715 A3t

CMIP67] 538t Alvpe] o 5= o] e CMIP5el Hlal 1008 o] 3¢ &% A&
olal, AAEH Aol wel Ao FF7F vhFety] wiitel AEAR AAA] welrt
d gttt oo wel AeAE &89 AdEE AR S EYE AREAF 9
Al steto] Abzel Wik Bet 7ss Astsk Atk Abg A 318 e A (root) ¢F A RE
e AHadmin) 3 A REALEZH(user) 2= RS oM, H A e A e AR AR
A FolstAY A = vk dutde A= H A A Aok vpi A 2 A RkAL
Aol gt 7k WA, vER s AAgS & 5 e, Authkey el A4, A7, F7F

Ea g e e HAgA Al

-
AN shelel UF B A AR A9 B BHF 2FAHOwnen)we] BE

™
o

AEHE AR 08 st et A5 284 &85 9l T A7
o daAel FrkstAth A F Al deEstA Ao Rk Q¥ siAY 54 SR
S AAEE 59 oY 7 A TlsEe] A olF ] e TR Aow 9
Ao U FEAE7 dasith 9 £42 gpdo] Zhe vE S0 AR e
HEHow TR F AUtk AR Fo £ VIR HA4S Beatr] 98 AREAE
qolz F7H/AHA st ARE 7he]7|v, KEY:VALUE @ e 2 o] Foj Xt} A& A
o] £AE A7) 913 HHole] P ofHeh 2k

- AREAF Aol £ AA ¢ attrkey add [$4 ol E] [dloly 4] [8% 7]<+]
(AF& < A]) attrkey add exp_date date “Date when experiment started
- AREAF Aol £48 gdd AY attr [9Y AE] [$4 olE] [$4 37t

(AF& | A]) attr exp/ens/var exp_date 2019



ARGAE Aol Aol AFEE HIolE 42 “string(£AHE), number(5A}), date('d
)R ERE g AL, ol Es 54 gl FAAE & Uk olH @ S48
B3 CMORAA S 7131 Alve] & Ab&at

i=

A4 5 Aekatgon ved A

Table 2.1.1. Specification of a file properties

5T =7 9= A
name o1&
id e i A}
parent 291 "8 alf A2k
ftype < EFY (dir or file)
7] size 7]
o created A G
created—by ey S s 2 32 AT AR}
file-header S =
‘ 7 ¢lRe 3o A4 A BE A tdde s
computed—attributes.tags o S)=3 24
AF&-2} . Key:Value FHE 7™, 7]iE &7 o] 9ol A&
e user-attributes ] =LA Al B 2= o]ie A
o %743 A7F fdel® FIhAAE & 5 Qe £

(3) Aol el Aol L A

AMol = 9 SAH Aol BHETeR i AR A o,
Table 2.1.201 A|AIg Al 712 Jejo] FRE 7FA = Qdrh o] AR o]xde] WrnT)
AAE a1 A gk Grojth HMoe dqAal= the 3 2

= find ocean

- name, file-header, user—attributes, computed-attributes®] <434 'ocean’ 732}
= find name:ocean

- 54 £ (name)oll A=t ‘ocean’ A4
= find user—attribues.exp-id:ocean

- AR A HA F exp-id FEANAT ‘ocean’ AN



roem g AR &

24 PAL Al B SEAnAE AAe] kel e 1 s e
pa

J{m
ol
=
2
)
R
)
rlo
J|m
-
&
[-'O
£
>
il
o

ro=
of
o
2
=
=
it
ja)

@ =S|
R AN B B dolold Aajelrt £E RE A5 PaARw wad
‘@' AR Qe Aolsh JEHs YA s Anwe AN W AHE BT}

S AR A4 9 gAolel ol AEle] o g AAL B

find name calmetO calmetl ... calmet9 — find name:#calmet[0-9]

AR o] ool HluL(<L, > <= >=) A2

1 }
S el 27, G oy F4Y

Table 2.1.2. Definition of keyword types

& L
Ao (value) T A= FHl. 3Y £ F “name, file-header,
value user-attributes, computed-attributes” ol %
712 9k A (field) ¥ Aol (value) 7F = FH. 54 &4
field:value

of tiallAwt Ao g3t
b5 44 (parent-field field) <} 7 41o](value)7} U&= )
v &40 7% computed-attributes, AFEAF Aol &4

(user—attribues) + 7FA7} =

parent—field.field:value ) . ., i N
computed-attributesi= “tags’ = - SAITS 7HRL

AREAE el 442 QJe] Aol ThssteE of i)

EPSEX 2= 0]o
SAS 7H T e

Ot
20
_1




3AYE L 2ES f% 7S Al =" (Viz-ESM) 7iAd
(1) 213F AldE Lol e Viz-ESM %3

713 Alyel & EE=A] 2" (VisualiZation of Earth System Model; Viz-ESM) 2
o

(e}
W%, FH, ATE ARE B3] 9ste] ALy HEA 2oL,

71588 AuE] @ 5 A 2"(VizZESM)2 Alve] e =9 Weka) A8 d6S 99
B2 TAENeH 72

s Aol ddE AR E PEHgAd HESE FEOIIE B

T2 ok Fig. 2123 Ztuh CMIP5/RCP85e Al AluaE] e 2% (K-ACE,

UKESM1 R #9 SSP5-85, SSP1-2.6)S F7tste] & 371 Aluel & AH&stH, 7]

W 4F (b, 71, 7, el tiek Al mEe] shsEtth AsdE Ave §

=

FAE ARS A9
i

= al el
FEh WA B ZRAAS AA BEeAd REnh 2 7S ghol B

4
g
=
=
=
—
)
*®
il
o,
ofo
_OL
38R
v
=3
i
>,
[>
juiit)
>y
t

ke
o
—
&
Z,
&
rlot
rlo
il
i)
o
Mo
paCa
e

e ' Na ne SOf

Fig. 2.1.2. Flowchart of Viz—ESM data processing



.
lu
1)
m
rir
otk
m
rE

e
Y
AL
i
5
¥o,
rlr
E

i 2%(PP, NetCDF)ol| tf &l XJ%%}&’%E}. Ml

]
T oy 74, % Aevls, HEA Y A, 25 A A9 59 Ves dstst
2

of AL+ YEF FANG. Ed ARA B4 S Thread B4J0] obyl 2zl
] w2 Abg-sto 24 GIL (Global Interpreter Lock)S ¥]3tal, CPUS WHE 2 AFE
g Qo] BE AeARE S-S 7IgE & A =3l
[ ojE{(Cube) 2 E
71 e 25 w7 2 i 11 39
main wind_sfe load_cube
N&T 4 i - g, A2z T
AIYE 1Y T T Y ZE
=| .
ﬁ; -ng' . I . . wind_p_level get_out dir
get el mput_  temp sfe | convert_vector | E3 ClEe He
20'.'_1 ;-t}l AT} B Jqu temp-s ¢ = - = =
lﬁ%‘l F9| | RERAEER — — make_dir
- Ayzle .
|
- get_ens_data_files_fist w convert_scalar D! it
NHERY |y oy out_data_set
- Auze | prec ~glw 204 A|AY w21 ol Mol
T EN § _ :
“Hja, 71, rue_with ol sea_ice make_file
U=, oY a3 () o4 ol M
Fig. 2.1.3. Flowchart of post-processing for JSON format
(2) 1g # o] B - Hed S99y A" 2 25 A

MIP5/RCP85 Al tte] 2. ¢} A= =) ¥ CMIP6/SSP5-85
R

7] &l An] 2 =
9 SSP1-26 5 359 A4
o] o]HA -

. uxd EeEg EE
e oW zeAad ¥E 9 37, 3, 4



JOwE o
zx il Mﬁ T A oﬁw
R I c,# gt "
. o B B o8 g
. ﬂﬂw o w B
; SR RO S
= _ : 2 :
.. S R ! ay Z % y
- = . o %0 < ) = _sﬁ
: = T oo v %Eﬂr.wg
= = o N = e m_m Sz )
& = & il B e 2 :.L s
- = —_ \WO 0 i | ;O ,mE g
3] X s 0 —~ o ﬁo 7
. <L ; fo 5o >
Jﬂ 2R g AR BB+ i
....._. wn \mm_i e O#E ,CI %OI ]_,Ar O?._ Fl
.S muoX o i3 pa i
T T X ol <) ) ! & 3
o X Ci fren I i ® wr
2 W X 5 mw_ oo N
oo iy To = 5
T osog = 2 fiic
ay] E_ o x 0 um
T Tz = B ST
< o =) T =3 < = & ‘ur S
Q o X A < £y
. = <
mﬂi% ﬂ7ﬁ%A%
S W o o b )
— o T (il = iy o
5 i * . o Yoo g B
= oF el Wrﬂ = o 7 £ 5
m Oga ﬂ/lv_ o ,_lr_wL ‘U! - - w ‘NL x
T é.e vﬁ S io < = 5 o - Ju
H L . m X0 M il
m ny o o i SN 5 5 7 =
g X 0 T oo i S Tz
o] i1l ‘mu o M ,7A| cAI N EE >A 7
M. @ﬂ o L3 ﬂoyu zﬂl o)) Eu_u W -
< el o il =
: Azﬁa%o%aa s
. y _ o
- = o e D E
S A
2 B

_10_



3} &= S AA g K-ACE 7159
2] d FeEHE T8 &9 T UKESM1S &85l 4| 5 7| $H 3
2] &St Atk oW dAXeolE K-ACE 7|Wke]l ulE] 235 (SSP2-4.5,

1] @ 9F UKESMI1 7]4Fe] 3% (Hindcast, SSP1-2.6, SSP5-85) AlU#] &
£ A&l g CMIP6O Al Alve] e AbE Bdlo]l 54 248 93] 275+ o
E#]7}= DECK (Diagnostic, Evaluation and Characterization of Klima) 2 3-8 <
218 (Pre-Industrial 23)3} CO, 2 & (1pctCO2/yr, Abrupt 4xCO2) A5 o] 83}
COy ZAHe] wE 7|Fuade 3 7|ea =y} Aud a4s5s F48 U

¥
N
ox
i)

o
o
rlo
—
igo)
(@)
(@)
2
(@)
2l
o
N
N
u
R
>,
=

[

(1) K-ACE A28 2ds &3 Avele Abs

Fig. 2.2.12 7] 5 s}el] theh ¢h3}-48 A3 H o] AA|, Absdd Bd 59 9
o] £<9l SSP2-4.59F 7] $-¥3}t the& HT

QA7 U GAR o] Fol X = AL A A T
F3h- A& QAo] 2FH o), slE el o] F1FRstel ke ALs 4A] T2
SSP3-7.0 Alute] 9. 9] a7 x A2 ekl adolth 7S WMal A A a) 7 A ALE] @

Ao weh LAk MEY F4Ee AT F Ak

S0, . 3400 1
— ST F — ST /"
— 5345 / 00 — ssepas //
B0 SPIT0 5503.1,0
/ 3000 /

2800 T

g
¢

t # %
B 7 & 2600 / |z
B gop “ = y |®
/ _,_,_,-'-'—'_'_'_ =34 rd |
g ! = ik / [
u - |
500 f,aj./ 2200 {=
,f;::?'
2000 S
m?ﬂd_l__f _,F/L, _hﬂ“‘a.ﬁx
1800
-\-\"'\-\.\_\_\_\__\_\__
| . { | Lo ! !
Moo 7015 203 2045 7060 207 3090 Woo 7015 2030 7045 I060 2075 209 266 7015 203 2045 2060 2075 7090
ear et Year

Fig. 2.2.1. Future GHG emissions according to social and economic scenarios.
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Fig. 2.2.2. Anomaly time series of future global average near—surface
temperatures (left) and precipitation (right) from 1850-1900. The green line
denotes SSP2-4.5 and the orange line denotes SSP3-7.0 scenario.
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Fig. 2.2.3. The outlook for future (2081-2100) near—surface temperature (top)
and precipitation (bottom) relative to the present climate (left, 1995-2014). The
middle panels are SSP2-45 scenario and the right panels are SSP3-7.0

scenario.
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Fig. 2.2.4. Temporal evolution of global mean temperature (upper) and
precipitation (bottom) anomaly for the historical and future climate

scenarios.
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Fig. 2.2.5. Surface air temperature (upper panel) and precipitation (bottom
panel) distribution of historical (left) and difference of two future climate

scenarios for 20-year period 2081-2100 relative to the 1995-2014 base period.
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Fig. 2.26. Global mean radiative feedback components derived from the
Abrupt 4xCO2 and PI experiments for K-ACE, UKESMI1-0-LL, and
HadGEM3-GC3.1-LL and compared to the CMIP5 multi-model ensemble mean.
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Fig. 2.2/71. Global mean radiative feedback components derived from the Abrupt
4xCO2 and PI experiments for K-ACE, UKESM1-0-LL, and
HadGEM3-GC3.1-LL and compared to the CMIP5 multi-model ensemble mean.
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Fig. 2.2.8. The time series of the global mean surface air temperature (left, C)
and precipitation anomalies (right, %), respectively in the period between 2000
and 2100. Each change is compared with climatological state averaged present
period (1995-2014). Black, blue, and red lines are those of historical climate,
SSP1-2.6, and SSP5-8.5, respectively.
T At = 5 vk B, el S e AR Aol YER oY,
ESh=get T A% A Fo A 53] F7F BET~17 %) A YERLL
AR et #Zol 2472 wlE Aol AEHITUH(SSPS-85 Alue] L) Fofa]op A< «1
5~99 ¥ 71 Har Aol 20% 8% 7HA AA FUtshe Ao® At
o] & 7]& IPCC AR5 (2013)ell 4 AH&-H 719 RCP Alvte] S A F}of vl uls]xH,
AR6 W65 18l AFEE At Al oA AA T Bt 7123 ] SF F
gk v o] o AA Yebdti(Table 2.2.1).

Table 2.2.1. Climatology anomalies of the global mean temperature and

==

precipitation from RCP and SSP scenarios in the period between 2081 and 2100
that compared with present climatology (1995-2014).

7= 2n N7 25

(1971~200064 CH| (199520141 i
2071~21004) 2081 ~21004)
7|12 13~37TC && 19~52 T &&
P 3~6% 37t 5~10% &7t
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Fig. 2.29. Spatial distribution of sea ice extent over arctic (left) and
antarctic (right) region in the period late 21" century (2081-2100) compared
with present period (1995-2014).
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Fig. 2.2.10. The anomalies of daily max and min temperature in the period early
(2021-2040), mid (2041-2060), and late (2081-2100) 21 century compared with
present period (1995-2014).

AA iy +7.0/80 C, A HA71=9] AT Ad/H 52> AA o] +6.5/9.0 T7HA] 4
% JoR AL AH(Fig. 22.10). ZFFAAFE B9 247k o] glod
54, 49l 5%°] SeATLATE 1o ol F7h Aol oF 29 % S Aow

A= ot

(2) 15/2°C AF2dst Alvel e 7]9ke] Fofalol 7] Ewist 4

C b
Agstes =2 e 2 AR IPCCE ‘xw%b&a} =5 R
5CoA 05 CHr ¢ =718 3% 4, 7}%, =874 & Ako] urApu]
S71E Aolm AE o A w4 ofge] AR A Fom Qg (A
z

713k Rolgtz A msta YTHIPCC, 2018).
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Table 2.2.2. List of HAPPI AGCM used in this study. All ensemble members
provide 10 years’ simulation data for the HIST, Plusl5, and Plus20 experiments

Model name Horizontal resolution Ensemble Members
(longitude x latitude)
CanAM4 128 x 64 100
CAM4—-2degree 144 x 96 500
MIROC5 256 x 128 100
ECHAM6-3-LR 192 x 96 100
NorESMI1-HAPPI 288 x 192 125

T ATFE 15T % 2T 293t HES o] F= 10071 o] 2e] 715 e =
AaE ALkete] AFst= Half a degree Additional warming, Prognosis and
Projected Impacts (HAPPI) (Mitchell et al., 2017) R & o] &3l A1CH) 7] A A
obeff Foprjol B fEluet A S TSR HAA T iy FopAlof B e} A 9
o] 7159k S mMEtE 48 Atk B9, FF A0 15T Beh 05T F7F &5
e 7S A A FERaL, o N 715 AA R 71 s A8 F
TH ALdE A A3HH A5 E AEetazt g B4 AMRE A= HAPPL 22
AEC] 57 715 nde] 9257 G3E W olth(Table 2.22). &4 7172 #A 71+
Alyg] 9] 1995~20143 3} 1.5/2 T<] 2091 ~2100d 0], AL8¥ Wy 9 Fi 7],
4 HA/H7)&, @ AFFolth B 1.5 TColA 20 T e e 849 7

ok (C1.5¢F C2.02 @A 715 tiy] 152 C Al 2.9 WS vEdH, 0.
7F 2ste] W& dAA 715 div] WS ou)S 1] fla A 2218 o] &35t
7} 3F(Fraction of Additional Impact; FAD-S #4131 th.

il
ol
o

>

nﬁ
= o
AN

@)

FAI= % > 100 (%) (2.2.1)

(C2.0: 2.0 — &A, CL.5: 1.5AUYE 2 — & A))
A 715 giv] 7 243t Ay 9 AR V|2 EH/AHA 7 2 AW
3}= Fig. 22119 e ATt EofAlo} Hi 7] =& A he] 1.5/2TCA ZF 0.86

0.14 T2k 147 + 012 CT7} skl AA G 73 (23t Avg]ed Z2F 085
0.06 C, 1.47 + 0.05 C)3} vlnLslo] FASE o2 St Aol vl o}

=

H+ I+

F-iN
lo
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AlF o, AqH o ws ARte Fu, T 3 B oA FElg STt
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7F S ®Belv(Fig. 2.2.11).
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Fig. 2.2.11. Spatial distribution of the future changes of annual mean
surface air temperature, maximum temperature, minimum temperature,
and precipitation in HAPPI scenarios (Plusl5 - Hist, Plus20 - Hist) and
the impact of 0.5 increase (Plus20 - Pluslb). Gray dotted grids represent
the area where 80% of the used AGCMs agree with the change sign.
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A Aol vERG A9 APS FAISA T AA T 7120] 05 C F7 s,
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Fig. 2.2.12. Changes of extreme climate events avoided over East Asia and its
sub-regions (box in figure 1) in 1.5 C compared with 2.0 C global warming
future (unit: %). The hatched lines represent more than 80% of AGCM

agreement on the change sign.
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Fig. 2.2.13. Experiments for AerChemMIP and ScenarioMIP (CMIP6).
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Table 2.2.3. List of the fixed sea surface temperature effective radiative forcing
(ERF) experiments carried out with UKESM]I, to diagnose the pre-industrial to
present-day ERFs from changes in emissions, concentrations. Each simulation

was 45 years in length, with analysis based on the last 30 years.

Aerosol Trop. O3 Land
Experiment 1D CO, NO HCs CH4
Precursors  precursors use
piClim-control 180 180 180 1850 1850 1850 1850
piClim-NTCF 1850 1850 1850 1850 2014 2014 1850
piClim—aer 1860 1850 180 1830 2014 1850 1850
piClim-0O3 1860 1850 180 1830 1850 2014 1850

Al 7150 A NTCFse Aoz olZgy} %, A%, Folrlo} Ui 2 oA
ERFo] ZF7ket= RbWo], 1 9l g X oA FhAadte] 2bqist o) din] 4t
oF 1.12W/m® A5 9] 7+A7F Ve )
Syl EAPA 3H(-1.30 W/mH) el A 7] 918t At a5 AH+0.18 W/m*) ] 45, o
Ao A GupEAbel vit 2 Frles Bl Holm dA ¥ ERFe #HAas o
A71E 9Es A th(Fig. 2.2.14).

(a) ERF

Mean=0.18

Mean=-1.12 (b)aSW (e)oLW

180°120°W60°W 0°W 60°E 120°E 180°

180°120°W60°W 0°W 60°E 120°E 180° 180°120°W60°W 0°W 60°E 120°E 180°

W/m*

-451 0.00 451 9.02 13.53

-13.53 -9.02

Fig. 2.2.14. Spatial distribution of Present-day(PD; Year 2014) (a) ERF, (b)
SW and (c) LW relative to pre-industrial(PL; Year 1850) in W/m® The

global-mean value is shown in the right corner.
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Fig. 2.2.15. Spatial distribution of PD ERF relative to PI in W/m’
derived from calculating the mean difference in the TOA radiative fluxes,
(a) SWcs, (c) LWces, (e) SWcere, (g) LWecre, and the changes (PD-PI) in
(b) AOD at 550nm, (d) surface temperature, (f) total cloud fraction, (h)
high-level cloud fraction. The spatial pattern correlation between the left
and right panel is shown in the right corner.
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Fyo] 93 74 (Fig. 2.2.15(a), -0.78 W/m?) ¢} 1t a9t 2 e FE-ooj2& 4
T2go] 93 75 Mz 7193 22 (Fig. 2.2.15(e), -0.53 W/m?) 7} 1] 523k 1]
&S AAT ojYg o2& AF/AFEHAE A4 doEE WEH(Fig
2.2.15(b) ¥ &8 (Fig. 2.2.15(0) 7 LA @] gt o] o HAHLW)L]
e dolz2E gt e AW 2% 724 (Fig. 2.2.15(d) 7} 2 stsolA yrte
AatEAL YA E AN (Fig. 2.2.15(c) 224 A5 o2 NTCFsoll &3k chul
Abe] Wt Q1% ERFO #HAE A7l Wk S7 dies Bl

2o whEl A Ao AR AxH 2% a7 YERUARE EEkta o) o
=5 wro] W Euby x| Ao A Z 74 272 B HFig. 2.2.15(d). &
o] A, ol2EF FE7F B2 Soprlotet JIEA A HA/F7He] A RZ ]

Gl ATE w, WA A E b Ao A AFek 7ha

HAAR, 912 ¥s)

[e=] o
= -1 =
Hol A & 4 ko] Skt dwte] A3 ZraesF A7 YErstH(Fig. 2.2.16).

BO°N
GO*N
40N, 30N| —
20°N |
EQ

= <
20°5
4o 308

60°5
-605

BO°S
180°

.gg% L
-0.15-0.16-0.050.00 0.05 0,10 0.15

o day

-1.850 -0.925 0.000 0,925 1.850

Fig. 2.2.16. Spatial and zonal distribution of PD precipitation relative to PI in
mm/day.
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Table 2.2.4. PD effective radiative forcings (ERFs) of climate relative to PI in

W/m?, and including and estimate of the standard error (Forster et al.,2016).

Pl-to-PD Effective radiative forcings from 1850 to 2014(W/m?)

Perturbation ERF LWecs SWces LWcre SWecere Netcs Netcre
-1.13 +0.17 -0.28 -0.02 -1.00 -0.11 -1.02

Aer
£0.04 +0.02 +0.02 +0.01 +0.03 +0.02 +0.03
o3 +0.15 +0.11 +0.05 -0.10 +0.10 +0.16 -0.01
£0.04 +0.02 +0.02 +0.02 +0.03 +0.03 +0.03
-1.12 +0.24 -0.29 -0.06 -1.02 -0.04 -1.08
NTCF

+0.03 +0.02 +0.02 +0.02 +0.03 +0.03 +0.02

_|_4

olZZ=3 0 A 7he] A HkS BAS 9l Ad A o] xuE 2
(piClim-Aer, piClim-03)3 37 A#Hd AP piClim-NTCF)& Hlal #4830t
(Table. 2.24). ool &3} o] 3 AW APo|A . Fo o 37t A
BhgS & 5 e, ol odojmEe dFom Aud mddls thap Al
Lo gm 9Fo] AL oAEE AR 7 uARH FHRRE /)8 e sl

& 4 AR (Fig. 2.2.17).

{a) NTCF Mean=T.50 = 0N Mean=-0.51

6O°S = : ! = = 60"

a0°s 90%5 ap°s
180" 120*W 60*W 0w B0°E 120°E 180° 180* 120°W 60"W O°W GO"E 120°E 180* 180" 120°W G0*W O°W 60°E 120°E 180°

-4 =22 o 22 44 —id -22 Li] 22 a4 =5.0 -2.5 0.0 2.5 5.0

Fig. 2.2.17. The spatial distribution of the PI-to-PD change in surface O3
volume mixing ratio [ppbv] in (a) piClim-NTCF (b) the sum (piClim-Aer +
piClim-03) relative to piClim-control, (c) nonlinear interaction effects
[piIClim-NTCF - (piClim-Aer + piClim-O3)] between the aerosol and ozone

forcing. The global average has been shown in the right corner.
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Table 2.3.1. Priority of utilization on climate variables according to time interval

of survey respondents.

1491 2491 3%9] 4%9] 5491
sz | BEw | Eagse | Agme | assueE | dedes
6A1 3T (80.45%) (75.5%) (46.1%) (39.2%) (18.6%)
ame | AFE | 2AwAWE | B@ Aapie | Ade | eddnen
(84.3%) (68.6%) (63.7%) (25.5%) (19.6%)
! A | BE AYe | QAwAPIR | dFEeR | wa/duen
3t (87.3%) (70.6%) (51%) (36.3%) (15.7%)
2l AEY | PE ARe | QAWAVIe | AFEes | spunn
A# | (824%) (64.79%) (44.19%) (34.39) (15.7%)

A :
F87F ghekth 1000 hPaol A= 7]&9] &8 %7F =3k 850 hPaol A=
hPaoll A= A 9131 %7}, 200 hPaol A= vhshe] 857k & 310 = FALH AT
SHAES CMIPS 224712~ A8 23 & RCP85 Ayt Z 7%
g9l o 1 thS o & RCPAS, 37 713, RCP26 0 &
o] A% CMIP59} w271 A 2 SSP5-859] &8 %7} 714 = XX
%71*&@@% o A 2F&E38he 27) RA(K-ACE, UKESM1) 7+ 370 94dE 5o o g
Meoee 2dd Ml 287 412%2 7P =hon, mdd s a8 7) 363
%, AA 671 WMo GAdE HiARI}F 225 %< HoZ YERT
Adg e Azgd 2o ek AFEA A E 2= NetCDF 7F 50 %, CSV 7F 402 %= =
A Uebyrom, el 48 785%, oluto]F &AL 197 ATd o wett} 3}
& Hof $-itate] 585 % 7} NetCDFZ, 366 % 7} CSV & 2]
of $wtA1e] 625% 7F CSVE A s et 188 %7F 18 &2
Ayl et 19 gl PA R HE AFEE o] ER

9% om, o= AA Wof Wt Bof $ukx} LT u]Zd ool Qr) 7] FuE A
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Fig. 2.3.1. Radar chart for customer availability of

climate elements according to each isobaric surface.
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S el goln TEASIL Sk dut.

- tlolE] AlAl: ESGF Hlol¥ == #2Ak= ESGF dlolg &7 3 A% Ao
CMIP6 Hl°ol® #4 &7 AH&S S5k Xdh= 45 delds AAg 5 gl

- dloE] BA : Tierl ==E o2 w9 dlo]HE Hxjgt) g w=oi] 232l
2E A o A Al Hlo]H o] EAS HAstely] fdtolrt == sty A A
ox ozl AHd w WA dHolHE Ale gt

- dlolg dA2: dolE AlA] & CMIP6 He]H = PCMDI, DKRZ, IPSL, CEDA &
o] AAH CMIP6 Hlolg x€& &3l &l 9@ Aqa =gt = ok

- dlo]¥ 7] Bk IPCC A6xF B 7F B o] vt d 7] &)k CMIP6 d o] H
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T @713 B edol A= 7]1E ESGEF =58 o] &38HA] il ofegf o] Ao wpefA

kA ESGF HlolH ==& 533t

dole o 7] dyedo A Askst 4% Alve] 2 (Pi-control, Amip), ¥}

7 71FA e & (Historical), ®l& 7] FA 2] (SSP1-2.6, SSP2-4.5, SSP3-7.0,
SSP5-85)9] WM& #4 AT § A vxﬂ?ﬂ AlvE] @ A== CMIP6 A=
A& E9(https://esgf-node llnl.gov/search/cmip6/)S E3to] o] &3 4= it}

L Flm mlo

HolE{ xS
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Fig. 2.3.3. The procedure for installation or update an ESGF data node
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= Y w,d,/o} (3.1.1)
N ERE S 0 A, 4wl - SR, o EE A
2) 49z Rd-#A= 7 JAENE 7 F AA F99 Ht HA(Egm, BRE-
wHE 3 HAY 5 2l Hi)E o] 2 2o AFS A
I = 2 (3.1.2)
By
B A9E 2 gt A, B A BE gabe) A, " nda g
3) AAtE AAE BE Ao dete] Hatste], 1771 715 Hge o] Aes &
T kg sle]l HEHow zF wdy wd okarEol 1o A(12)S Al
P=r (3.1.3)

Table 3.1.1. List of regional climate models (RCMs) used in this study and their

configurations and details.

HadGEM3-RA | RegCM4l) CCLM?2 WRE3) SNU-MM5%
Grids
396 x 251 394 x 249 396 x 251 39 x 250 405 x 260
(Lon. x Lat.)
Vertical layers | 63 eta levels 23 sigma 40 hybrid 30 eta 24 sigma
Revised mass Betts-Miller-Ja
Convection MIT-Emanuel Tiedtke . Kain-Fritch
flux njic
single moment
Microphysics bulk SUBEX extended DM WSM3 Reisner?2
Ritter and
Radiation General? NCAR CCM3 CAM CCM2 package
Geleyn
Land surface NCAR CLM3
JULES NCAR CLM35| TERRA ML | NOAH-LSM
model /NOAH LSM

1)
2)
3)

)

The Regional Climate Model version 4
Cosmo Climate version of Local Model
Weather Research and Forecasting

4) Seoul National University Meso-scale Model version 5
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Fig. 3.1.1. The performance index for CORDEX-EA Phase2 models. (red)
HadGEMS3-RA, (yellow) RegCM4, (green) WRF, (skyblue) SNU-MMB5, (blue)
CCLM, (black) Ensemble mean.
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Fig. 3.1.2. Regional performance index for CORDEX-EA PhaseZ models and

their ensemble mean.
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Table 3.1.2. Model configuration of HadGEM3-RA used in this study.

Contents Description
Model HadGEM3-RA
Boundary data UKESM1
Domain (Equatorial) 76.91-156.08 °E / (pole) 51.59-181.50 °E

Horizontal resolution 25 km

ERA-Interim (Temperature / 0.25°x0.25°)
GPCPv2.2 (Precipitation / 2.5°%2.5°)
Simulation : 1968-2014

Analysis : 1979-2014

Evaluation data

Period
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Fig 3.1.4. Spatial distribution of surface air temperature (left) and
precipitation (right) during 36 years (1979-2014) period: observation (top),
difference between GCM and observation (middle), and difference between

RCM and observation (bottom).
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Fig. 3.1.5. Seasonal variation of surface air temperature (left) and precipitation
(right) during 36 years(1979-2014) period in observation, GCM, and RCM: East
Asia (top), land (middle), and ocean (bottom).
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Fig. 3.1.6. Spatial distribution of summer (JJA) precipitation (left) and 850
hPa wind and specific humidity (right) during 36 years (1979-2014) period:
observation (top), difference between GCM and observation (middle), and
difference between RCM and observation (bottom). The red line means

boundary of the north pacific high.
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Fig. 3.1.8. The precipitation intensity (mm/day) for all wet days (left panels), AR
wet days (middle panels), and non-AR wet days (right panels) for DJF (upper

panels) and JJA (lower panels).
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Fig. 3.1.9. The 95 %ile precipitation intensity (mm/day) for all wet days

(left panels), AR wet days (right panels) for DJF (upper panels) and JJA

(lower panels).
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Fig. 3.1.10. Global distribution of relative sea level change from the Greenland
ice-sheet surface mass balance (SMB) (top panels) and the Antarctic ice—sheet
SMB (bottom panels) from HadGEM2-AO (left panels), 21 CMIP5 model
ensemble mean (middle panels) and difference between HadGEM2-AO and 21
CMIP5 model ensemble mean (right panels) over the period 1986-2005 to
2081-2100.
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Fig. 3.1.12. Same as Fig. 3.1.10 but relative sea level change due to glaciers.
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Table 3.2.1. The time series of FTS and GAW observed COs.

Station 2014 year 2015 year 2016 year 2017 year 2018 year
FTS CO; 39691 ppm  39932ppm  402.97 ppm 406.04 ppm 409.08 ppm

GAW CO; 40460ppm 40700 ppm  409.90 ppm 412.20 ppm 415.20 ppm
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2. Comparison of regional simulation of biospheric CO2 flux from
the updated version of CarbonTracker Asia with FLUXCOM and

Other Inversions over Asia

(1) Introduction

Asia 1s one of the regions with large uncertainties in the estimates of net
ecosystem exchange (NEE) of CO, . The uncertainties are driven by the sharp
growth of fossil fuel emissions in most Asian countries. This growth has
substantially affected the CO- balance of Asia and led to an increased variability of
the regional carbon cycle (Francey et al., 2013; Patra et al, 2013). Asia plays a key
role in changing the global carbon cycle given its massive fossil fuel CO; emissions
that are unlikely decrease in the near future (Labzovskii et al., 2019). Uncertainty
in the fossil fuel emissions significantly contributes (32 %) to the uncertainty in the
land biosphere sink change as well (Thompson et al, 2015). Thus, the lack of a
robust and precise quantification of the natural CO2 fluxes in Asia limits our
understanding about the links between the NEE flux and external forcing, such as
meteorological variability, including the impact of extreme events, like droughts and
cold spells, and trends in land-use change. Subsequently, forecasting the evolution

of the land sink in Asia is also severely hindered. Moreover, all these factors affect
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the accuracy of the global budget of NEE estimates.

The inverse modeling estimates of CO; fluxes need an accurate simulation of
observed atmospheric CO- concentrations since systematic model biases tend to
directly translate into biased flux estimates. There have been many regional inverse
modeling studies (e.g., Europe, North America) and many reported discrepancies in
flux estimates and in their spatial distributions (Gurney et al., 2002; Gurney et al.
2003; Basu et al., 2018). The discrepancies are mainly attributed to differences in
modeling approaches. The other important aspect is that, in most inversions, the
land cover classes do not fully encompass the ecosystem variability that results in
the uncertainty of the flux estimates. Recently, Kenea et al. (2019) assessed the
accuracy of the CarbonTracker Asia version 2016 (CTA2016) model simulation of
CO, concentrations using in-situ surface observations in East Asia and found that
a better agreement is observed in most places during daytime than nighttime.

We present the CTA2017 simulated NEE flux run by the National Institute of
Meteorological Sciences (NIMS), Republic of Korea, along with the global inversion
models CT2015 to CT2017, Copernicus Atmospheric Monitoring Services (CAMS),
Monitoring Atmospheric Composition and Climate (MACC-III), Jena CarboScope
inversion system developed at the MPI for Biogeochemistry Jena, and FLUXCOM.
The following updates were made in CTAZ2017: The assimilation window was
extended to 12 weeks while in the previous version, the assimilation window was
chosen to be 5 weeks long; the vertical diffusion scheme was changed to the Yonsei
University planetary boundary layer (YSU PBL) scheme; land biosphere prior
uncertainty was larger than the previous release; and the horizontal transport
resolution was 1° x 1° degrees of latitude and longitude while in CT2017, the
resolution is 2° x 3° degrees of latitude and longitude. Therefore, the analysis
focuses on analyzing and comparing CTA2017-simulated NEE flux with FLUXCOM
and other global inversions in terms of spatial and temporal distribution over Asia.
In short, the following questions are addressed in this work:

What is the consistency and discrepancy of NEE flux of CTAZ2017 compared to
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MACC, CAMS, Jena CarbonScope, and FLUXCOM in terms of monthly, seasonal,
and annual time scales?
What is the impact of the nesting approach on the strength of the carbon sink and

source over Asia at seasonal and annual timescales?

Table 3.2.2. List of the inverse modeling systems used in this work. Note that
inversions account for interannually varying (IAV) prior fluxes (Yes or No) and

transport (Yes or No)

Wo. Meteorolo

Fossil Fuel Biosphere and Ocean Transpor Vertic Time IAV IAV

biloglsl LLeft 4 o Priors Fire Priors Priors t Model al glcal Span Priors Wind
fields
Layers
Jcoon
global obraczo1 ASA GFED 960770 q ERA 2001 -
CT2017 4 Mill 41s & Takahashi TMb5 25 nteri 2013 Yes Yes
1ox]° an iller - ~pED CMS) aetaa?s i nterim
over Asia (2009)
Jena oo . . . 2004 -
(s04 v22) 3.8298°x5 CDIAC TM3 19  NCEP 2013 No Yes
ORCHIDEE Takahashi
e 18RS CDI/;()%GCP (climatology) et al. LMDz 39 a0 Yes Yes
+GFEDv4 (2009)
ORCHIDEE Takahashi
MACC o . CDIAC/GCP 7. ERA 2001 -
(v14r2) 1.8947°x3.75 2016 (climatology) et al. LMDZ 39 Interim 2013 Yes Yes

+GFEDv4 (2009)

(2) Assessment of Consistency and Discrepancy of Spatial and

Domain Aggregated NEE Flux

Here, we compared the spatial distributions of annual and summer means of NEE
of CTA2017 with FLUXCOM estimates (Fig. 3.2.3). The overall pattern of the
annual mean NEE indicates that the inversion model underestimated the carbon
uptake against FLUXCOM across the entire region of the domain. The NEE values
from CTA2017 varied within —0.5 to 0.5gCm ?d ! while values from FLUXCOM
range from —2.5 to 0 gCm *d”!, with the maximum carbon sink observed over the

southeast part of the region. Furthermore, a spatial Pearson’s correlation coefficient
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was computed between CTAZ2017 and FLUXCOM based on the monthly mean
values. The result offers a maximum negative correlation of - 0.63, over Southeast
Asia, as shown in Fig. 1d. In summer, the CTA2017 (prior and posterior) exhibited
a prevalent carbon source in south and Southeast Asia, whereas the FLUXCOM
showed a contrasting pattern in this part of the region. In this sub-region, the
posterior flux from the inversion is strongly influenced by the prior flux, since the
posterior NEE estimation has a small departure from the prior estimation. The land
cover inconsistency is one of the main drivers for the discrepancy of the NEE
estimates. We discerned some mismatches on individual pixel-wise biomes that
were assumed by CTAZ2017 and MODIS observations in a region where a strong
negative correlation obtained. A negative correlation shown in Japan and
northeastern China was mostly confined in forest fields, which are based on the land
cover classification category used by the inversion. According to the MODIS land
cover classification, those forest field covers were not shown in those regions;
rather, it depicted mixed forest, cropland, and grassland.

Fig. 3.2.4 depicts the time series of yearly aggregated NEE flux over the global

(a} CT2017 prior () CTAZOLT
i oS s

— i - Sy e s - . . R
70 a0 T 100 1 120 140 - B L] 100 110 120 180 140

Fig. 3.2.3. Annual ;1:3‘5 ecosystem exchange of CO; (NEE) flux spatial
distribution (gCm2d") from CT2017 prior (a), CTA2017 posterior (b),
FLUXCOM (c), and correlation between CTA2017 and FLUXCOM (d) for
the 2001 - 2013 period. Pearson’s correlation coefficient (R) values shown

are significant at a 95 % confidence interval.
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scale (a) and Asia (b) from CT2015, CT2016, CT2017, CTA2016, CTA2017, JENA,
CAMS, and MACC along with the FLUXCOM. Globally, all models revealed an
increasing trend of the carbon sink between 2001 and 2011 and a decreasing trend
from 2011 onwards (Fig. 3.2.3 (a)). In addition, the interannual variability of the land
carbon sink is evident in all models, but the magnitude is different. Note that the
inverted interannual variability of (IAV) NEE flux presented here was constrained
by observations, priors, and wind. The land carbon sink was the lowest in 2002 and
was the highest in 2011. The weaker land carbon sinks in 2002, 2005, 2007, and 2010
correspond to strong El Nifio events while the stronger land sink in 2008 and 2011
corresponds to strong La Nifa events. The IAV of the land carbon sink is mainly
driven by the ENSO, which is dominated by tropical land fluxes (Gurney et al.,
2012). Globally, in each individual year, the estimates of carbon sink from all
versions of CarbonTracker are smaller than CAMS and MACC, which might be
mostly explained by the use of different prior flux. As seen from Fig. 3.2.4(b), such
an IAV of the yearly aggregated NEE estimates from Asia is also explicitly
observed by the models. For example, both CTA2017 and CT2017 captured the IAV,
but their magnitudes are different, and this leads to divergence of the annual

aggregated NEE results.

o
'r’ "
-1
5“ —2_ | . cTzo17 |
=] S cTzo1e
B N c Tzo1s
w3 " ovA2a18
% I crTazo17
-1 | I = A
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2001 2002 2003 2004 2005 20 2007 2008 20 2010 2011 2‘0?2 2013
(b) Asia
— | Ll i LR '
5
(=]
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Fig. 3.2.4. The time series of yearly posterior NEE flux integrated over the
global scale (a) and Asia (b) derived from CT2017, CT2016, CT2015,
CTA2016, CTA2017, JENA, CAMS, MACC inversions.
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At our domain scale, CTA2017 estimated the annual average aggregated carbon
sink to be -0.32 PgC yr !, which is smaller than CT2017, CAMS, MACC, Jena, and
FLUXCOM. The annual average of CT2017, CAMS, MACC, Jena, and FLUXCOM
estimates were -058, -042, -058, -0.81, and -586PgCyr !, respectively
(Table 3.2.3). A difference with FLUXCOM was mainly due to differences in the
forest in the tropics. Errors in the transport model, inverse model set-up, and lack
of data for assimilation are contributors for the disagreement in estimates of NEE
among the inversion models. For example, the resulting discrepancy between MACC
and CAMS might be driven by the differences in the number of data used for
assimilation, since they have the same transport model and inverse set-up. As we
have seen for the IAV, quantified as the standard deviation of annual NEE, the
CT2017 are higher than the earlier version of the CarbonTracker, and less than
CAMS, MACC, and Jena CarboScope by 63.6 25, 36.4 %, and 86.4 %6, respectively.
Very recently, Hu et al. [12] discussed the difference in the North American NEE

response to ENSO from different resolutions of CarbonTracker models, which used

Table 3.2.3. Annual NEE flux (natural + fire flux) integrated over the global
scale and Asia for 2001 - 2013, except for Jena CarboScope (2004 -2013), is
provided. Unit is given in PgC yr .

Models/

=1
Upscale data NEE flux (PgCyr ")

Asia Posterior Prior Global Posterior
CTA2017 —0.32 £ 0.22 0.25 + 0.13 -19 + 0.82
CTAZ2016 —0.22 + 0.13 0.25 = 0.13 -1.72 £ 0.83
CT2017 —0.58 + 0.26 -1.71 + 0.80
CT2016 —043 + 0.18 -1.71 £ 0.80
CT2015 —0.34 + 0.18 -1.74 £ 0.78
CT2013B 1.01 + 150 -236 £ 4.84
CAMS —0.42 + 0.36 —0.08 = 0.007 -255 £ 0.98
MACC-III —0.58 + 0.30 —0.08 + 0.007 -272 + 1.15
Jena CarboScope —0.81 + 041 -1.84 £ 0.66
FLUXCOM —5.86 = 0.03

—0.46

Thomson et al. (2016) (Asia, 1996 - 2012)
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a similar suite of atmospheric CO, observations and the same prior fluxes. They
pointed out that the difference in the estimated NEE response to ENSO may result

from the difference in the transport models’ resolutions.

(3) Comparisons of Temporal Distributions of Aggregated Mean

NEE Flux across Biomes

Here, we analyzed the time series of aggregated mean NEE flux across biomes
in Asia between CTAZ2017, and CT2017 versus FLUXCOM. The overall results
revealed good consistency of the seasonal variations over conifer forest, broadleaf
forest, mixed forest, grass/shrub, and fields/woods/savanna; poor agreement in
croplands and shrub/woods; and the worst agreement in tropical forest land. The
croplands and scrub/woods land of different climate zones might be the drivers of
poor agreement for seasonal variations between the CarbonTracker models and
FLUXCOM. We also indicated the Pearson’s correlation coefficient of NEE of
CTA2017 and CT2017 with FLUXCOM across biomes and the result suggested that
both were well correlated in conifer forest (Table 3.2.4), with a correlation
coefficient of 0.87. Besides, we obtained a linear regression slope of 0.82 (Table
3.2.4). In mixed forest lands, all depicted a clear seasonal cycle of NEE, and further
confirmed the level of agreement between CTA2017 and CT2017 with FLUXCOM,
with correlation coefficients of 0.79 and 0.70, respectively. The inverse models
exhibited an evidently decreasing carbon uptake, particularly for 2002 - 2007.

The annual mean NEE of broadleaf forest showed some differences between the
estimates of CTA2017 (-0.04 = 050 gCm2d ™) and CT2017 (-0.16 + 0.60 gCm >
d™!) than the rest of the ecosystem types, which is caused by the nesting effect.
For example, in conifer forest, the peak carbon uptake and source occurred in
summer (about -4.20 gCm 2d ! in 2001 and 2002) and in winter (around 2.0 gC m >
d?! in 2004), respectively, as observed by both inversions and FLUXCOM.

Moreover, both CarbonTracker models portrayed a decreasing trend in carbon
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uptake for the period of 2001 - 2008, and an increasing trend for 2009 - 2013. On the
one hand, a strong drawdown of carbon across all ecosystem types was
exceptionally determined by the FLUXCOM, which was not observed by the

inversion models.

Table 3.2.4. Summary of the statistical relationships of NEE flux averaged over
individual biomes between CTAZ017 and CT2017 with FLUXCOM in Asia. Note
that all the correlation coefficients are statistically significant ( < 0.05) and =*
indicates insignificance. Pearson’s correlation coefficients (rl) and slope (ml)
represent for CTAZ2017 vs. FLUXCOM, while r2 and m2 for CT2017 wvs.
FLUXCOM. Unit for NEE flux is gCm*d .

S.N Land cover type rl 12 ml m2
1 Conifer forest 0.87 0.87 0.87 0.82
2 Broadleaf forest 0.67 0.68 0.42 0.50
3 Mixed forest 0.79 0.70 0.69 0.65
4 Grass/shrub 0.72 0.58 0.77 0.61
5 Tropical forest —0.15 —0.12* —0.15 —0.14
6 Scrub/woods 0.20 0.49 0.14 0.41
7 Fields/woods/savanna 0.60 0.52 0.45 0.45
8 Croplands 0.43 0.63 0.22 0.4

(4) Spatio-Temporal Distribution of NEE Flux

Here, we presented annual and seasonally averaged posterior NEE flux from
CTA2017 and CT2017 during 2001 - 2013 in order to examine the impact of the
nesting approach on the spatial pattern of carbon sink and source strength. In
general, the CTA2017 revealed a decrease of the annual mean carbon sink prevailing
over the northeast region of the domain. This decrease of the carbon uptake was
estimated about 0.20gCm >d ! predominantly across the ecosystem types of
broadleaf forest, croplands, and semitundra over the Eurasia temperate region of the
domain as compared to CT2017. On the other hand, in Eurasia boreal, the uptake
was declined in mixed forest by about 0.40 gCm2d !, and increased in confer forest

by around -0.15gC m 2d ! Interestingly, the feature of NEE flux shown from both
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experiments across the croplands in the northern Indian and Southeast tropical
region is somewhat different. Particularly in northern India, CTAZ2017 exhibited less
carbon release, a maximum of 0.34 gC m 2d !, than CT2017. During summer, carbon
release is predominant in the south and Southeast Asia, where the estimation made
by the nested grid was lower again. In autumn, the carbon release estimate from
CTA2017 was reduced, on average by 0.22gCm ?d !, in the croplands in eastern
China, but it was higher, by about 1.04gCm?d"’, in the broadleaf forest in
northeast Asia. Some differences are observed in the strength of the carbon sink

and source, which is linked to the transport model resolution differences.

(5) Conclusions

We analyzed the consistency and discrepancy of the optimized NEE flux over
Asia from CTAZ2017 through a comparison with FLUXCOM and other global
inversions results to better understand the uncertainties of NEE in the region during
the period of 2001 - 2013. While comparing CTA2017 with the global inversions, the
carbon uptake obtained from CTAZ2017 was smaller than CAMS, MACC, Jena, and
FLUXCOM. The annual average of CTA2017, CAMS, MACC, Jena CarboScope, and
FLUXCOM estimates were —0.32, —0.42, —058, —0.81, and —5.86PgC yr !,
respectively. The inversion result revealed a large discrepancy with FLUXCOM,
and this was mainly due to the FLUXCOM estimates of NEE over the tropical
forest. Furthermore, we showed the level of agreement for the temporal aggregation
of NEE for individual biomes between CTAZ2017 and FLUXCOM at a monthly
resolution. The overall results demonstrated good consistency of the time series of
monthly NEE over conifer forest, broadleaf forest, mixed forest, grass/shrub, and
fields/woods/savanna; poor agreement in croplands and scrub/woods; and the worse
agreement in tropical forest land. The key problems are underrepresentation of

FLUXCOM NEE estimates by limited eddy covariance flux measurements, the role
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of COZ emissions from land use change not accounted for by FLUXCOM,
sparseness of surface observations of COs concentrations used by the assimilation
systems, and land cover inconsistency between top—down and bottom-up systems.

We examined the impact of nesting on the spatial pattern of the strength of the
carbon sink and source by comparing the CTAZ2017 and CT2017 optimized NEE
fluxes in terms of seasonal and annual time scales over the region of interest.
Within the experiments, we noted some differences in the magnitude of the carbon
sink and source emerge both spatially and temporally. For the annual average,
CTA2017 indicated a carbon uptake reduction by a magnitude of ~0.20gCm2d*!
largely across broadleaf, cropland, and semitundra ecosystems over the Eurasia
temperature region. Furthermore, all magnitudes of the carbon sink and source
varied within the experiments. For example, during summer, carbon release
prevailed in tropical Asia, where the estimation shown by CTAZ2017 was lower than
CT?2017. The annual aggregated NEE estimates of CTA2017 and CT2017 were —
0.32 and —0.58 PgC yr !, respectively. Both models unveiled IAV of NEE flux, but
their magnitudes were different and this led to differences in the annual aggregated
results. Differences in the estimated IAV of NEE in response to ENSO may stem
from the differences in transport model resolutions.

This finding suggests that a detailed investigation on the FLUXCOM and inverse
estimates is most likely required not only in temperate regions of Asia but also in
the tropics. In addition, this report also recommends further investigation on how
the updates made in CarbonTracker affect the interannual variability of the

aggregate and spatial pattern of NEE flux in response to the ENSO effect over Asia.
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3. ATMOSPHERIC COZ VARIABILITY OVER EAST ASIA AND
KOREA CONTRASTS THE GLOBAL CO2 GROWTH PATTERNS.

(1) Introduction

During the last 50 years the world has witnessed permanent growth in the
atmospheric CO, concentration, a principal driver of the global warming. Often, CO,
atmospheric growth is defined as the global Interannual Variability (IAV) of XCO,
that may fluctuate within a range of 1.7-3.2 ppm/yr. The main drivers of the global
IAV of XCO, are El-Nino Southern Oscillation (ENSO), fossil fuel CO, emissions
and the dynamics of the terrestrial carbon sink. The mechanism of the interaction
between fossil fuel CO, emissions (FFCO2) and the IAV of XCO, is fairly simple
as emissions load extra carbon to the atmosphere, thus increasing the atmospheric
COs concentration. In contrast, the role of ENSO in controlling the IAV of XCOs is
more complex because ENSO indirectly controls the IAV of XCO: by altering the
temperature-water regime of ecosystems that affect the ecosystem productivity and
associated land carbon sink. Enhancements or weakening of the ecosystem
productivity would depend on the type and strength of an ENSO event.

If local drivers for the spatial fluctuations of the IAV of XCO- are important, the
difference between the local and global IAVs of XCO, (DIAV from hereafter) will
also be significant. From this standpoint, we suggest that EA is a proper choice for
studying the DIAV phenomenon. Nowadays, EA is arguably the most rapidly
developing region in the world and the strongest (30 % of all global FFCO2) net
source of FFCOZ emissions . More importantly, EA is one of the strongest
terrestrial carbon sinks in the Northern Hemisphere, connoting the potential
presence of sink-driven signals in the DIAV in the region. Because studying only
a large geographic region may overlook the significance of local factors in
determining DIAV, we also selected the second local domain within EA. Korea was

selected as a local domain since it is relatively well observed (from carbon cycle
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perspective) compared to other countries in EA. We try to detect and understand
the short-run drivers of DIAV over EA and Korea and the difference between the
regional and the global atmospheric CO2 growth. This study (a) determines the
statistical significance of DIAV for the spatial domains of EA and Korea (b)
analyzes spatiotemporal relationship of DIAV with associated factors including net
primary productivity, FFCO2, ENSO and temperature, and (c) uses this relationship
to find the predictors for DIAV over EA and Korea.

For addressing to XCO, data we used two data assimilation systems including
CTA (CarbonTracker-Asia) and Copernicus Atmospheric Service (CAMS) models.
For inferring Net Primary Production (NPP) information, we used TRENDY
experiment data. For temperature (T) data we sed NOAA NCEP-NCAR reanalysis.
As FFCO2 data we used ODIAC emissions. For quantifying ENSO strength we
used widely—used Oceanic Nino Index (ONI) from the Golden Gate Weather Service.

The study aims to investigate the contrasts in the IAVs of XCO, between local
and global scales (‘local scales’ refers to the regional domains for EA and Korea).
We calculate the global IAV of XCO, using the Buchwitz et al. (2018) approach that
follows a conventional method for the IAV calculation. IAV simply represents the
difference between XCO- in the last month of the year (i) and the first month of
the same year (i-11) as Equation 1: "IAV (XCQOy)year = XCOy(i) - XCO2(i-11)".
If December and January datasets are available, these months are automatically
selected for i and i+11 elements in Eq 1.0 (of the same year), respectively. If
December data were not available (a case of CTA in 2015 year), November data
were used instead. It should be noted that IAV was initially calculated for each grid
cell with 1 x 1 degree resolution (see Fig. 3.2.4). Thus, the local IAV of XCO, (EA
or Korea) stands for the median IAV of XCO, across all the grid cells within the
considered spatial domain. We could use only the IAV of XCO; constrained over the
regions of interest (EA and Korea) in this work but the shape of the locally
constrained IAV signal would be accurately determined by the global XCO, growth

rate. Thus, we calculate and analyze DIAV that represents the difference between
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IAV in a given spatial domain (IAVloc retrieved from CTA and CAMS) and the
global scale (IAVglo taken from GCB). DIAV is primarily used for three types of
spatial domain in this study (a single grid cell, EA and Korea) and the type of DIAV
is always specified. DIAV is calculated as "DIAV (XCO3) = IAVloc - IAVglo”.

1AV of XCO2 from CAMS (ppm). 2005-2015 period 1AV of XCO2 from CTA (ppm). 2005-2015 period
3 T - -

¥ inen "
215 ppm

= - — . =F - - =
—ﬂ s
otopom [ TN otopem [ BN NI 215 pom

Bias CTA-CAMS (ppm). 2005-2015 period Correlation coefficient in 1AV (CAMS vs CTA, 2005-2015)

b L 3

e B T I ERERERET T
Fig. 3.2.5. Upper panels: IAV of XCO; frc;m ICAIIVISI (left subplot) and CTA
(right subplot) for EA. Bottom panels: median bias between CTA and CAMS in
2005-2015 period (left subplot) and grid cell correlation between IAV of XCOs

for CTA vs CAMS (right subplot).

(2) Results

We determined that the differences between the local and global IAVs of XCOs
are always statistically significant for the period 2005-2015 for both CTA and
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CAMS. This is valid for both EA and Korea and the differences between the local
and global parameters are always negative. The statistical significance of the
difference between local scales IAVs (Korea minus EA) was also determined.
Korea-to-EA comparison reveals that in the three consecutive years 2006, 2007 and
2008, the differences in IAVs between Korea and EA are not significant for CTA
(p—value > 0.01). Seemingly, the factors that determined XCO: interannual growth
over Korea and EA were identical. When CAMS is applied, the IAVs of XCO, over
Korea and EA are statistically identical in 2006, 2008 and 2009 given the large
p-values during these years (> 0.01) as indicators of statistical insignificance.

Further, we determine the factors driving DIAV in EA and Korea by addressing
the associated parameters (NPP, temperature, FFCO2). Since we have noticed
irregularities in both temporal and spatial correlations between CAMS and CTA
(when DIAV is calculated) we also analyze “grid cell correlation”. Grid cell
correlation analysis is shown in Fig. 3.2.6 (CTA) and Fig. 3.2.7 (CAMS). Since our
analysis is dedicated to the parameters of XCOQO: reflecting interannual dynamics
(both TAV and DIAV concept), the associated parameters (NPP, T and FFCO2) are
calculated in the form of IAV as well. We also remind that the IAV of XCO; of a
certain year (year “a”) can be often impacted of the carbon-related conditions prior
to the year when growth is analyzed (year “a-1"). Therefore, we should analyze not
only the relationship between DIAV and interannual dynamics of the related factor
(i.e. IAV) but also with the related factor of preceding year “a-1" (presented with
subscript “b” hereafter).

At first, we analyze the grid cell agreement of CAMS-retrieved DIAV with the
associated parameters (Fig. 3.2.7). For CAMS we discover mostly sporadic and
weak relationship between DIAV and other factors in 1 x 1 grid cells (both EA and
Korea). There are few very minor clusters with fair-to-high positive agreement (r
= 0.60-0.79) between DIAV and NPP (both NPPIAV and NPPb) in EA. We also
analyze the DIAV-to-FFCO2 agreement and find no relationship between DIAV and
FFCOZ2IAV in EA. However, for the DIAV-to-FFCO2b relationship, we discovered
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a regional cluster of a very high positive correlation (r > 0.80) located to the north
of the Korean peninsula including some part of Inner Mongolia and Heilongjiang
provinces of China. The relationship between DIAV and T is more complex as we
register three different regional clusters with fair-to—high correlation. In a northern
cluster (almost precisely corresponds to aforesaid cluster located in the north-east
direction from Korea) correlation between DIAV and Tb is negative and ranges

from good (r = -0.60) to high (r = -0.79).

DIAV vs NPPD (CTA) 2005-2015 DIAV vs FFCOZb (CTA) 2005-2015 DIAV vs Tb (CTA) 2005-2015

in EA in
2005-2015 years. Top panels: NPPb, FFCO2b and Tb (from left to right) versus
DIAV. Bottom panels: IAV of NPP, IAV of FFCO2 and IAV of Tb (from left
to right) versus DIAV.
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Fig. 3.2.7. Same as Fig. 3.2.6 but from CAMS.

We have learned that the correlation between DIAV and associated parameters
indeed exists but exhibits with uneven patterns across different areas in EA. The
most remarkable stable agreement between DIAV and the other factors (within grid
cell correlation analysis) was registered in the northeastern EA cluster. We also
analyze the spatial agreement between DIAV and associated parameters for every
single year in 2005-2015. Thr uneven pattern of agreement between DIAV and other
parameters at a single grid cell is explained by different responses of DIAV to the
assoclated parameters specific for the year. It is noteworthy that the agreement
between DIAV and medians of any parameter (NPP, FFCO2, T) for Korea is always
higher than for EA (both CAMS and CTA). For instance, only a single parameter
during a year has acceptable agreement with DIAV from CAMS (r = -0.62 between
Tb and DIAV in 2010) in EA. Meanwhile for Korea, DIAV from CAMS exhibits
more frequent and robust agreement with associated factors (NPP and T). The
agreement with Tb exists (absolute r > 0.50) in 8 out of 11 cases (6 negative
correlations and 2 positive correlations). The prominent agreement with NPPb is

registered (absolute r > 0.50) in three cases, 2006 (positive), 2009 (negative) and
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2010 (positive). We notice that the agreement of DIAV with NPP is reported only
during the years when the DIAV-to-Thb agreement is very high (absolute r = 0.85
- 0.95). Another notable feature is the existence of counter-phased agreements of
DIAV with Tb and NPPb (in most years T has negative relationship with DIAV,
then NPP has positive relationship with DIAV). In some years, this pattern is
inverted. For instance, in 2009, the relationship between DIAV-to—-Tb is high and
positive (r = 0.77) while DIAV-to-NPPb relationship turns to good negative (r =
-0.68). Analysis of CTA approves all aforesaid findings (from CAMS) as DIAV has
stronger relationship with associated parameters over Korea compared to EA.
FFCO2 does not play prominent role in spatial correlation (which is explainable
given the cumulative effect of FFCO2 in IAV of XCO, signal). The counter-phased
agreement of DIAV with T and NPP is also observed using CTA. In this instance,
if we calculate two spatial correlation coefficients r(DIAV-NPPb) and r(DIAV-Th)
for every year, we would obtain very high agreements between these coefficients
using both CAMS (r = 0.89) and CTA (r = 0.94) in 2005-2015 over Korea.

The finding about counter-phasing of DIAV agreement with NPPb and Tb
suggests a presence of strongly coupled effects between NPP and T that are
uniquely pronounced over Korea. This phenomenon can be possibly driven by the
ENSO phasing that may strongly influence temperature anomalies depending on the
ENSO type. We check this suggestion using both CAMS and CTA but could not
approve it since the DIAV-to-T-to-NPP counter—phased correlation did not show
any stable agreement with ENSO phases. Explanation is the role of dense broad leaf
cluster (DBC) in Korea (and its vicinity) in forming NPP. When the DBC cluster
is considered, we discover fair agreement between DIAV and NPPf (r = 0.51) over
factor where the agreement of the cluster NPP with DIAV over Korea is higher
than Korea NPP with DIAV over Korea.
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(3) Discussion and conclusions

We detected and identified the short—-term drivers of the interannual variability of
XCOs over EA and Korea and compared them against the global atmospheric CO,
growth. For this, the DIAV parameter was calculated as the difference between the
IAV of XCO; over Korea and EA (using CAMS and CTA) and the IAV of XCO,
from global scales (using GCB) for 2005-2015. The annual median air temperature
over Korea exhibits mainly negative spatial correlation with DIAV of the following
yvear (r = 0.80 for both CAMS and CTA for 6 negative agreement cases). During
the years when DIAV-to-T negative correlation was registered, NPP shows only
positive correlation with the DIAV of the following year over Korea (r = 0.60 for
CAMS and r = 0.51 for 2 and 1 positive case, respectively). However, in 2007, 2009
and 2013 years (2007 and 2013 represent decadal maxima of temperatures over
DBC) the relationship between temperature and the DIAV of the next year turned
positive. During these years, NPP exerted negative correlation with DIAV of the
next year. NPP and temperature were literally counter-phased in regards to
agreement with DIAV. Spatial correlation coefficients expressing agreement of
DIAV with NPP and with temperature (rfDIAV-NPPb) and rDIAV-Tb) approved
the presence of the mutual counter-phase by both CAMS (r = 0.89) and CTA (r =
0.94) for Korea. The DIAV-to-T correlation was stronger and more frequently
observed than the DIAV-to-NPP correlation. The weaker correlation between DIAV
and NPP over Korea was explained in terms of the impact of the ecosystems
located in the regional cluster to the north of Korea where a very strong link
between DIAV and associated factors is registered. Grid correlation analysis
indirectly points to the uniqueness of DBC cluster in controlling local IAV of XCO,
signal as well. Most grid cells where the DIAV-to-NPPb correlation was high in
Korea correspond to the cells shared with DBC cluster. For the cells that do no

overlap with DBC, much weaker correlation is found.
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