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Abstract The global terrestrial ecosystems have shown a large spatial variability in recent
decades and represented a carbon sink pattern at mid-to-high latitude in Northern Hemisphere.
However, there are many uncertainties in magnitude and spatial distribution of terrestrial carbon
fluxes due to the effect of climate factors. So, it needs to accurately understand the spatio-tem-
poral variations on carbon exchange flux with climate. This study focused on the effects of cli-
mate factors, .i.e. temperature, precipitation, and solar radiation, to terrestrial biosphere carbon
flux. We used the terrestrial carbon flux that is simulated by a CarbonTracker, which performs
data assimilation of global atmospheric CO, mole fraction measurements. We demonstrated sig-
nificant interactions between Net Ecosystem Production (NEP) and climate factors by using the
partial correlation analysis. NEP showed positive correlation with temperature at mid-to-high
latitude in Northern Hemisphere but showed negative correlation pattern at 0-30°N. Also, NEP
represented mostly negative correlation with precipitation at 60°S-30°N. Solar radiation affected
NEP positively at all latitudes and percentage of positive correlation at tropical regions was rela-
tively lower than other latitudes. Spring and summer warming had potentially positive effect on
NEP in Northern Hemisphere. On the other hand as increasing the temperature in autumn, NEP
was largely reduced in most northern terrestrial ecosystems. The NEP variability that depends
on climate factors also differently represented with the type of vegetation. Especially in crop
regions, land carbon sinks had positive correlation with temperature but showed negative cor-
relation with precipitation.
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Bk 3o 523 98-8 sy JtH(Heimann and
E4e Ql7lo] mjE3) o|AkslEkA 5 25~30%  Reichstein, 2008). ©]213 &4+ AEjA Q] whA ¢:@L—

oL glew 2 S0 §4F AEHAA ok oAy 37k FRAM EA o), 7% ¥, A4 #9
S7F S7F8kaL 9Ath(House et al., 2003; Le  S#¢] s abgol ofs) w9 Eitatarl ohFet Alg

t al., 2009). AAF S Y= o]ikstet S W=tH(Churkina and Running, 1998; Beer et al.,
2010; Deng and Chen, 2011; Yu et al., 2013). “:3&
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(Anderegg et al., 2015).

717438 248 tf7] olitstetAe FEAES St
o] 7159} ghA 3] gzl o
al,, 2000). 7oA olitstgtae] Faok wiE 7]
23} Zhepol| Zhst ARBAE 7R AL o, 53
A=} AYAFH(Gross Primary Production, GPP)-2 -1t
Tl 712, 7, DA AAA 7 0 Beer et
al,, 2010). o A8} 2o Ao A g ZE29
AN S T2 Ao dFe] Aa, Wiy gt
o} Aol M= 7123 dAbge] o ®IzsiAl vEg-gh
th(Piao et al., 2009; Jung et al., 2011). A5 Ij A
oM GPP7t 713 AsHl AEs THIAIY,
7t 59 Ad WsAdS 2 RS 7RI o
= gl AWolM EF S50 wsAel & AE
AAEFe] Z3d sl dEgS 1, IFol
A 59 gl 9 Aty o)7] wEolti(Jung et al.,
2011). =3h B4 Fo AdWsdS A 42 W
oA st Flt, duht TR 22 S8 @l 9
& HEshe Zo] W3 AHthto and Oikawa, 2000;
Potter et al., 2003; Zeng et al., 2005; Zhao and
Running, 2010).

ol gt 574 wHA FE 29
2A YEa Ay
Oscillation, ©]3} ENSO)¥= o] 3t}. ENSO=
AAF g AgHoz 7L, ey EY v 9
TS FA FHA 0|52 E oA & YR AYAFEH(Net
Primary Production, NPP), &7 ©4& F49 =A7]
(Nemani et al., 2003; Le Quéré et al., 2009; Raupach,
2011), th7] ©]2r3}ekA =718 (Heimann and Reichstein,
2008; Friedlingstein and Prentice, 2010; Ballantyne et
al, 2012) 59 FFS FA Gk 7 A3 dwHo
2 AR o §4 ojuskeiae] F47t ok v,
Fuue w54 olabsieiae] F47t AsiEn
(Patra et al., 2005; Heimann and Reichstein, 2008;
IPCC, 2013). 9= 3 ot x|gHog 7]20] A
Fahn e Ahshe APl 9ov i o F
Q2 withe] 3ol ATh(Ropelewski and Halpert,
1987; Halpert and Ropelewski, 1992). ENSO<} ##
sto] o]ibslets FEol| TS F= F& A 7HA
HAYELS A2 W3t NP W3l BEY 3539 U9
HE T vAE S50 wistE Ad9E b Ao
(Zeng et al., 2005). Y7} A o= L -
Az zl Qe A&H THEo] AHES oF7IA71A
Ha, o] & Qlal BEFo] A4wE HA|F GPP 7
2ro) kel 98-S uHthJung et al., 2010; Zhao and
Running, 2010; Kim et al., 2016). =3 It x]<joj
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He AR ewdl el dEdhe $59% 5Fol
S7FsHAl =] NPP7} st o= <Qlsf 394 &
£ AsleEth(Patra et al.,, 2005). ¥Fd gt @
gk slol= Wste 71 270l 599Y 35 &
o] Y& FI ol tA NPP S7toll HHH o=
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5 9144 #= A59F TCCON (Total Carbon Column
Observing Network) A3 &= 259 g7 v|2d5
H v} 2121 (Schneising et al., 2012; Schneising et al.,
2014; Kulawik et al., 2016; Zeng et al., 2017),
CONTRAIL (Comprehensive Observation Network for
Trace gases by Airliner) ZEH Eo)AN #|Fsle T3
#= AR vwAds © vk lthBasu et al., 2011).
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HAFAN2YS AEHGOH, ot HF NOAA
(National Oceanic and Atmospheric Administration) 4t
8F2] ESRL (Earth System Research Laboratory)olA]
TNkt B4 Al 228" (Peters et al., 2005)S 7]8te
2 38kaL Ut} o] H 3 GAFAA LS ASHS o]
Bate] AAF FHAA olibsietA w9 §2|¢
gl olitsleta FEAE ST F e 9EA
Al&glolth, BAFH A" oA ARE-gE o] 4ksteras
FL #Z7S NOAA, EC (Environment Canada),
NCAR (National Center for Atmospheric Research),
CSIRO (Commonwealth  Scientific
Research Organization), IPEN (Instituto de Pesquisas
Energéticas e Nucleares), LBNL (Lawrence Berkeley
National Laboratory)ol|4] =3k 218 Eo]tH(Masarie
et al,, 2014). A5E3} A| AZFHS T 2 A7
el 12~16 LSTOl| &= € ke Heste] AM&HT)
NOAA®| ©AFAA L= TREA| ofrJo} 2] oo
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Fig. 2. Spatial distribution of annual mean a) Net Ecosystem Production (gC yr™') simulated by CarbonTracker, b) temperature
at 2 m (°C), c) precipitation (mm day™), and d) surface net shortwave radiations for the period 2001~2012 (W m™).
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Fig. 3. Interannual variability of global NEP during 2001 to 2012.
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Fig. 4. Spatial distribution percentage of linear trend (%/y) in NEP from 2001 to 2012. Shown are significant linear trends at

confidence level 99% using f-test.
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AbES] 37 X E eI NEPE
T 30° o] AAtielA <Fe Ft =,
1oL 2lom gAjo} FEH 2|3} ofxz]7} Ul52
A Aol A A F57F sl YERETHFig. 2a).
gk o7t 5] Bapd S5 9% 33 &
A QM= ghAE F57F YERTE o]efg X g
T2 HAH95Y, Ed A, 895" 59 24

A i F7F e THEig 1). 7123 4

AFFL Ao Z 2olE Kol YA|FE IFRE d
o Aol gor] 53 FEN, ojzelrl B, F

= BAN A F 7l dAbge] v w2 AY
xE B F7F @A Ve TH(Figs. 2a, b, d). 7]
2o] B Zpigo] A2 EME 1L Av Ex=t
oF 1z 2&o] 2ol X8t low ©a F
7} A9l QUth(Figs. 2a, b, ¢). =3 7FFgo] A
of ool YAalke] HiF o R A T @,
e o] Alo} § FotAlote} ofze| Tt FR, gh] of
F olnlE A9 EL Y gl $do] XL 2
om &4 F57F AAY B4 wiEo] YR THFigs.
2a, c, d).
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Fig. 5. Partial correlation coefficient between NEP and temperatures at 2 m (a), precipitation (b) and surface net shortwave
radiations (c). The added figure in a-c show percentage (%) distribution of positive (blue bars) and negative (red bars)
correlation at 30° latitude intervals. Shadings are significant correlation coefficient at confidence level 90% using student t-test.
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Fig. 6. Partial correlation coefficient between net ecosystem production (NEP) and spring, summer, autumn, and winter
temperature (a-d). Different months for a season have been used for each Hemisphere, and a season has been represented by the
Northern Hemisphere. The added figure in a-d show percentage (%) distribution of positive (red bars) and negative (blue bars)
correlation at 30° latitude intervals. Shadings are significant correlation coefficient at confidence level 90% using student t-test.
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Kato and Tang, 2008). 3X|¥t o}zg]7} 5§, Q&
35 S 5ol duist ofdd] A Sl al g
e 71 &0 AEdAE Ul ol 71

o] EF A& £l 7t ol & 9FE PIAAL 9]
= Qs $29Y 5F0) UKo JFY Fhn
o} Eolxly] WEel Aoz Holtkise et al, 2010;
Bradford and Crowther, 2013; Bradford et al., 2013).

71 F2 ol3i) Ar I Aol g
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et al., 2005; Ise et al., 2010).
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H A#AAE veblh 7S BE B S99 e
of I9= AR Aol sl ¥ FTFS v H th(Fig.
6a). °l= FHL] 7| dsol HA] AS Al719)
A AZIE E7IA = A AR 71 Y
F7] wlZolt) vFA 59 30° o]sle] tiFE XY
A 59 ATAA vgo] A JERT 52
= SHbE A9 ToA Fe] AITA Bl go] v =
A YeRtthFig. 6b). ol E¥IE 1Yo iR
A4 A 7]l & dab ALFEFNet Primary
Production, NPP)ol| =LA F3FE w]x)7] wj&Fo|t}. 5}
Ak v A5 FF A, AFE A9 ofxzE|vt
59 FEH A= 9] 4ZAA7F YERs
olg gt Whx & A7 71z AGEdAM = 7]
20] B 7 g 71ed817] wie] g STt
At Ao=Z HOITNiu et al., 2008; Xia et al.,
2014). 7Fddl= 52 A=diolA %] A
Hl & B} $9of A vl&o] A4 YEsen, &
U A= 7o) '©A Fd X &9
Q3 v go] w9 =A YESTHFig. 6¢). 7HEE 7]
22 F2 NPPol| 9] 938 VA= A B} 59
FEFS vgr HEF vk dth(Piao et al., 2008;
Xia et al, 2014). o]& 7|2o°] A<sgo uje} Euky
AAEL] 99 B3E A7 o]Z QS EYS =
Fo| F7kel7] wZelth. ALde] 75 ERb 9

S=7148ks gl 7] A|277 23 (2017)

03 05 0.7 08 1
Fig. 7. Same as Fig. 6 but for using precipitation.

oA 7ol HlEl) 7] BA F4e 2o g
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EFSth(Fig. 6d). B9 oA o]t 53o] 1}
ElE o2, 22 A7ES ASEH 7 AsS «
Qo At EY AW okstE ST o2
3 E=ghel 2U-oZRE EY ghAe] HE &

Aol F7F Ho] B4 F47F fashkes Aol 93l
v} 91TH(Hobbie and Chapin III, 1996; Fitzhugh et al.,
2001; Xia et al., 2014).
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Fig. 8. Same as Fig. 6 but for using surface net solar radiation downwards.

I7 Aoz 2o JBBAVE T3 velgth. dANEFE §243 AEA ga Alole] | gaA
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Fig. 9. Percentage of positive (blue bars) and negative (red
bars) correlation accounted for each vegetation types that
using the partial correlation analysis data between net eco-
system productions and temperatures at 2 m (a), precipitation
(b) and surface net shortwave radiations (c). Here CF =
Conifer Forest, BF =Broadleaf, MF =Mixed Forest, G/
S = Grass/Shrub, TF = Tropical Forest, S/W = Scrub/Woods,
ST = Semi-Tundra, F/W/Sa = Fields/Woods/Savanna, NT =
Northern Taiga, F/F =Forest/Field, WL = Wet Land, S/T/
S = Shrub/Tree/Suc, and CR = Crop.
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