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Abstract

Differences in climate and vegetation types in different parts of the Arctic lead to differences in
carbon budgets of different types of ecosystems. The Arctic’s unique ecosystem and the “amplifi-
cation effect” of its response to climate change make the Arctic most sensitive to global climate
change. The carbon cycle in the Arctic is increasingly important for global climate change feedback.
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In order to study the carbon cycle processes of different ecosystems in the Arctic region, this paper
uses observations from relevant sites of two pairs of test stations near the Arctic region and some
data on the FLUXNET website. Using the vorticity-related method as the main technical method,
the monthly, seasonal and annual dynamics of net ecosystem carbon exchange NEE in hyytiala and
Jokioinen of Finland in 2003 and Zackenberg in Greenland in 2010 were discussed, and environ-
mental factors were discussed. Vegetation is an important factor that affects the carbon budget of
ecosystems, and ecosystem flux has a significant positive correlation with terrestrial biomass.
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1. 5]

T30 Ak, AL BRI X (S AN SR B, AR IX AR A H B R . BRI 30
MM FTEHIER, SRS 10 4 EA 0.7°C, BB 10 4 LA 0.25C[1]. JblHX <R EFA- 53
UK T 0kD o IR AR SRR (CGCM2)F AR B, 21 21 T4l 80 4-4X, dbvKiFigIkE =Tk,
A2, WP ALVKE IR VKR AL UKPE I 5 /K 30 K K R TRIARE 2 o A6 AR 22 AR R b X e () sk i A7 B 411 SR BR 58
AL TR A AN 2]. ek, JbARAIARRE S 8UE MUK AR LA . BEE R, TETEE
SULH B JE A (3] BRIEBIE R A R T BT A R A UK P RCE T 4k, AT s — S ARk
(COL)FTH e (CH, ) M E N K [4]

JEARHh X fry i b BB e b vk, A5 85 SRR LA B AR A A AR S B MR L2 o AR b X R )
AU A T H AT KSR iig =W . o, IR RIEE E R EL 5 12%, HAR 8% T£
R LJR[S], AAER R T 3 m PR AN B R B ik 5 AR LR PR AE B 30% % 40% [6]. fifiiiEk
TE 2 AR - B e 2 B A SRR B AR A AR Ak, AERR I RR R B AT B . VeI A2 28 R G LR S fi
PR FRIME L ) BR8N ™ A b ARt X% 4 3RS A AR A B o UK

SR LN RSB E I, AR A R B R AR R U KR = SRR
FE, HEARPAERpOP . RE N SERE S BN 2 F 0 LI R LT L AT R TIRZ , (HXHER
= DX AE R RO BEIR L 5N RO RIE T8 HR AT AR AEVE 2 AN [ 7] 50008 5 = FOASE R RSO A1 A2 i 24 A
2R AR AR G R 2 . R AL X 2 A R B O TS TR KR, (HORE 4y Hh X AT
AbF- 5 B2 R[] B (1 B4 A 000 AR08 S B B8]

AHIF 7R A AR b X 4 BR3E S 0000 90 3l (Y 55, B 43 B b A bt X s 78 A sy 248 7R AR [ g A S AR AE
ANFE N R CO, R RE J1, Wt FE AL s 2 X I AR S R G B E MO AR IR T 5%

2. FERIANTSE
2.1, SERXIEHEAR

ABBE SR A A, RV AT R SEARAS 2 7, 945 A2 25 AR 48 R AL (KT BB AT DA I ) fi
FAAE 3R o AL A e AR R IR P A 2 B R o X o B e ) R A LB 5 (9]
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Figure 1. Regional distribution of Arctic sites

1. bR SXIE 5 R

AR T ACARHBIX 4 AN D psf (Pl 1) 8 A B3 8 Do) i P O U 2500 56 [0 — b Xy 7R
FAPE P CT 877 3K, e BB el U T BRI E 22 3 LAAh, 8 SR AU AU W 37 &) [ A B 455 4 2%
58 4 AH ]«

FI-Hyy/FI-Jok A—#H(W. 7 1), 13 ENF (K FH4HHHK)/CRO (& H), FI-Hyy 37 T35 *= Hyytiala #i[X,
SRR RN 3.8°C, PR EN 709 mm, PR AN REDRGCA K FEIH AR Fl-Jok s T
%52 Jokioinen Hi[X, £V 4.6°C, F-PIIME/KE N 627 mm, Wk &N 109 m, 3k 555 BN E Pt .

DK-ZaF/DK-ZaH A—%4, 8% WET ({BH1)/GRA (%Hh), DK-ZaF WLk 5547 F Zackenberg #13%#1
TEREHS, THRRGUCAKCE B, W R, ZH X AP RIRME T 20°C, BEFSAIEAE 3C~TC
(B8], 1991 42 2005 4E[0], ZHLIX T T 2.25°CHIREARRR, 1996~2005 4F[H~F 4R /K &N 261 mm,
FoH 90 mm NFE[10]. DK-ZaH 3 s/ T Zackenberg #l37 i 7 AL 75, LRI K Lo AR I 135,
7 HPRIEART 5°C, PR K RN 148~236 mm, TR A

Table 1. Match site information

F 1. BEXbRER

Site Lat Lon Elev/m IGBP AAR/mm Years
FI-Hyy 61.84741 24.29477 181 ENF 709 2003
FI-Jok 60.8986 23.51345 109 CRO 627 2003

DK-ZaF 74.48143 —20.55452 40 WET 261 2010
DK-ZaH 74.47328 —20.5503 38 GRA 148~236 2010

PIZLEC AT i B 4 FOAEAEERY, BIEEH(WET). 45 AR(ENF). EH(GRA). &K H(GRO). *f
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AR AT R BRI LR, B AR FERESE, i ik B 2 5 R R 3T 98T .
22. HEHENA

FLUXNET & —ANCAAEK) 12 0 A0 0 LLOd S AL ) A akisE s 2%, 22380 RENR LK
B RCRESA R, MR, B, KE. BRI COp [11]. XLEIEHHE ek R G R
KA A BRFKIEPA AL o Se gt 7 2% 50k .

Rt A2 25 RG RGN SR R EAFEW AT — 7R YRGS ERRIL CO,, Kmrff 1
Y, AR JE R L E A B S LI I A2 7, (R 2 AN R RN ] RUBE R RREIR G 2K CO, 1%
[FIORA[12]s HIR, RABAHADBIARU . — LeAG HLTUE I A6 1 WP IR R 458 L VR 2 A L 23 iz [
Ko AR A HAAFIRRK - 358 [ 7€ Bk (1) A P B RO BRI, RRAMRANARAR A S0 A 338 ) it
53 i ) KSR TBORAE e U o

HEZS RS CO, X i (Net Ecosystem Exchange, NEE)/&$5 T AEE KA TN A1EH, dE=
SRR A LA S AR D SR A e = AR B RRHE T 2 B AR S R A AR R . B R E A EE I
IR, RNAS RGN . NEE RAEM A KRGME NIRIRSHRIC IRE /1, NEE NIE{ERT,
FKUAEE RGONIR, NEE B, BJERe JdkoE, NEE RFAR, R\AES KRG AL, NEE fHE
AN, BRI RE D TR

JSOAIZ A7 71(Gross Primary Productivity, GPP)¥a AE W) 443 B2 4 (A )il it 6 A F A — /B[R]
DI [ e A BB e, ELHE B IR PR R R, WA ST 71. GPP YuE T ARG AR ZS
RGWILEY) PRI RE R 13].

Fifi Hb A 25 R AT (Ecosystem respiration, RE)HIAEZSHE SR IRMHLAEZS KA H TG AV (RLFETH %4
3 B P KA U A —E AR B R . ARIEIFIR A T AN E], RE AT 290 H 78 FFIOR 53 77
WP . F: Ballantyne #F 78 % WIE R ERUEASATE 5T, AURIGIR IS 3 30W RE FEARHCO M AR S RSk
VXGNP R, bk RE 7ERGHbARZS RGeS it 7o A vl Bk [ 141

2.3. MRF*®

WREFHIRE R — MR REOR, H T e RS/, FRBUREZEK CO,v H,O Mk &
[15]e WA VR QOO BN B KA G HETE 2 1) CO, &Ml & 2 vk, W2 tHH Bll&E Co, fik
Fal T BRI TV

AHIE T CAAEAR 26 B b AN [ i 2 MR AR 25 RGN TN 5, DAIR AR DR 73208 2 B AR D7 1k
ATIESEM, A G ARG EHE: KR AEES . =4 KGR M R AL By . W E T RIAE
PR BEAL A, W R G2 S FERE BT 29 2 m,  HUFESCERAZR A 30 min. I FH = 4588 75 XUE G & 1)
SR S B FE KA R, R LLAMR S AN 5E B A SR CO, RIMKEN & o BT /K BUAN A A1 R 55 i
12 B P B 16 B A R O SR RSP S AT AN, BSREUARAR 10 d [R— Rl RPRAE SR B . 9 IRIESL
PP, XPTE I ESHREHATIRE, FkEN . SIERR R s ERE, R T EETE, #2003
25 2% Hyytiala, Jokioinen Fl 2010 4% F% == Zackenberg i [X HiF 42 25 R Gk 3 NEE W H 202, =713
BAEFEANAS LU R R sz, @57 7 AR RGEA R AR EE T CO il & 1M E R A 772 .

3. ERE5 9
3.1. SKREAFHFETHTHIFE
LA AN Z AR S R, AR AR R bR TR S L S R e T
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BRI AT AR, MK AEKBEERE . SClEIRER PR EA R H AT
o W FEIZ LEFR I R 3R AR (O RFAIE A 58 B 70 A it AR ARSI A LS mi ML) S

2003 4 Hyy (ENF)A1 Jok (CRO)¥i /i & 4E & A 43 IR & e 7 Il S 3 ARt th 2k 4] 2 P,
P B8 H P A .

25

0
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Figure 2. (a) monthly mean temperature, (b) monthly average photosynthetic
photon flux density at Hyy (ENF) and Jok (CRO) stations in 2003
[& 2. 2003 £F Hyy (ENF)#1 Jok (CRO)# = (a)B KB, (b)BEHARE
KT BB
2003 4 Hyy (ENF)#1 Jok (CRO) 5 & IR HHZR FEA E A, S 28 208 U &Y, 1~3 A <RI,
PR T ERREE, FHARRAE-S RIRELEL, 4~5 A e RYeE T &, £ 7 S iRE A& E,
SRR 19 $RIRE, 9 AR B BRI N i, hZeskn], RAF/ER WERMFENZL. B TIHRER T
AT AR AL, 2 X K FAGE B B PR B R 1 B AR AL T AR AL
ik 2 B, 2003 FEFOLEC TEETE EETHARAEIHHERNZL. FF1 A 2 AL
Z 11 H. 12 AL & A RSP RMERN, WaI7E 60 umol/m¥/s LAN . 3 22 5 H 4 til &% s i,
HZE 7.8 I el i RV S E B B, 72 HZ10F 5, S & A R S B Al e K AT I F) 450 umol/m?s,
BEAMKZE, bt im e s P E D IR . X R HIZF % Hyytiala F1 Jokioinen Wil s 1 X {1 K FH
A EIR RZERAAL, O SO T T AR SR A T AR

(=]
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Figure 3. (a) monthly mean temperature, (b) monthly average photosynthetic
photon flux density at ZaF (WET) and ZaH (GRA) stations in 2010
B 3.2010 £ ZaF (WET)F ZaH (GRA)u () A FHSIE 0)AFHAE

RFBEEEE
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W 3 fiizs, 2010 4F ZaF (WET)A ZaH (GRA)S S &FSIR M AR A ES, BEMELEHE UM, £
FARBAL, &FA TSRS BKRE, A FRRRIE-25 IHIKE, 2 Af 3 ASRIERE, 7
BIRAE-25 IREE A A, 4~5 A e iR IE B T2, 27, 8 ARSI &S,
SEHRIRL 5 BRIREE, AN 9 AT IRIREE T S R I, B RE, RS BRI
fiE, AHAAFEANA T BAR B RS .

2010 £ ZaF (WET)HI ZaH (GRA) 5 4= 4F [ 6 A 730 5 %5 15 B o5 2515 (184 i 2 B 2 1R AR 4k
B AWM 2 AMA4AEE 11,10 M12 A6 B06EE a5 a5, 78 20 umol/m?/s LRI 3) .
3% 5 AMtiE e BRI, WA SRS 7. 8 AHLERE R L THEIIAREAE, £E 7 ZaF i
MANEEEESMEH R KT ZaH S eE R, EEFNT)E, ZaF Wit a0 806 H R sk
L F] 860 umol/m?/s, ZaH 3fi Y51 XU AR AE B K AT A £ 510 umol/m¥/s. HEAFKZE, Jef b FiBEEE
SEE D BN . X R B X K PR S R B AR, ZaF MBHAES RAE ENEHM
SR KT ZaH E A S RS

3.2. BESRYG C ZHRENEE)FETEMEFE
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Figure 4. Seasonal average diurnal variation of NEE at Hyy (ENF) and Jok
(CRO) stations in 2003
& 4. 2003 ££ Hyy (ENF)# Jok (CRO)#4 &= 245 NEE ) HZE L

w1k 4 24 2003 4 Hyy (ENF)A Jok (CRO) i PUANZETT (1) NEE W°F45 H A8 4k, v DLSE BOW A 2 4E
ARG DVIZ NEE HI°F- 1) H AL AR [F

HBFFKZESF % Hyytiala £ Jokioinen WLk X B B BRI, BRI BRI NETFAKE-E . &
Z¥ Hyy (ENF)#1 Jok (CRO)¥! £, #TF-*F4T, Hyy ¥ i NEE {EI =T Jok % i, [FI Hyy 3fi s fE%2= NEE
S HASAE B | 7:00 2o FFARE AUTA0RI0Eh, AT IS EE A BRI % . FEAHIRIZET5 1K) Hyy (ENF)AI
Jok (CRO) ri s H I TR R AAH R . B =104 H i T2 M 5:30 31 21:00, FKZRMEE H RRICE
(] 4 5:00 3] 20:30, EAZEHIEH BRI 1A 6:30 3 15:00, [FIF7E4Z Jok (CRO)M A5 NEE HAR (L
BN, R EPIE R, BEMBICHREHEK A4S, XR5HBRKEGXR. ARRZE
W R A R AR, B R, 1A F-8.1 umol COy/m¥s. &Z= Ik, il I 5—0.87 umol CO,/m?/s.

W 5 Fron, 2K B2 22 DK-ZaF WL 3 X A B S8 187, Bdl & 1 /N R ik > 2R,
REERIC AR AN B &R, fERKEE NEE 18/ ME (R B KRS ) F i RAE (R s B K HETBGE 22) 70 |
A—6.9 A1 7.2 umol CO,/m¥s. 2= ZaF (WET)MI ZaH (GRA)i i NEE H Vi 2kii - FHE A, 42 ZaF
(WET)F1 ZaH (GRA)¥k & NEE H-F¥ 28820847, ZaF ¥ & NEE (IS =T ZaH 3 5. [FIF ZaH 3 55
FRFKZ= NEE #5082k shBON I, T HAR =AY, BREFA— %I E 4, NEE HUEEEA4ERFE
0 umol COy/m¥s 45 .
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Figure 5. Seasonal average diurnal variation of NEE at ZaF (WET) and ZaH
(GRA) stations in 2010
[E 5.2010 £F ZaF (WET)#1 ZaH (GRA)¥ s Z=¥5 NEE £ BTk

3.3. BEBRY C XREBE(NEE)R HEIFE

FIFH 2003 44 4E FLUXNET JES: 00 FI-Hyy/FI-Jok 3 5 () NEE I8 85038, 72000iH5 7 ANl 5 A
HAEERM 00:00~23:30 &/ CO, 18 & P39 E (IEE R Rk HE, fUE R, B2 7
FI-Hyy/FI-Jok /™ &4 H NEE j# & 1) H 264 6).

ZaH
----ZaF

NEE(pmol/m?/s)
bdbbdbonvboox
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Figure 6. Daily variation characteristics of monthly average NEE of FI-Hyy/FI-Jok in 2003
[& 6. 2003 £F FI-Hyy/FI-Jok & B 1% NEE #9 B ZE(LAFHE

Wik 6 fizn, Fl-Hyy sisibk 123 A, 11 112 A4, NEE 1 HARLIEE LK. 06:00 (AL,
FF)ZJG, NEE NffE, RUESRGEIEWRIL COy; 18:00 2 J5, NEE BN T IEMH, BRI Ny
THWAHER 75 8 A, EE RS A KR R B BOE A B 5K, NEE B/ ME GR R BK R IBGE %)
Al RAB (s e K HEBCE 2) 73771 9—10.3 F1 5.6 umol CO»/m?/s.

Il FI-Jok % i1 1~4 I, NEE ) HAAIREEE LT 3A A4, BEARYERFTE 0 umol COym?/s 247, M S
HIFiE, NEE B9 HAMIEE T EARRZL, 7E 6:00 2 J5, NEE B NH{E, EERGITHEWRIL CO, 12:00
KRR I/ ME, 19:00 ZJ5, NEE XOZHIAN T IFHE, SRS RN T iR E4ZF 10~12 A, 1F
FI-Jok 3 i NEE % H V35 H A2 b ith 42 3 shAH L

- - - -
- - B A
. - g R ol e——e= 7 W h\ d -~ == - A Lol o - -
= ~oo-? \ \ h \ U 7
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Figure 7. Daily variation characteristics of monthly average NEE of DK-ZaF/DK-ZaH in 2010
7. 2010 £ DK-ZaF/DK-ZaH & A ¥4 NEE K B Z4FE

B 7 N 2010 444 FLUXNET 3%4%: Wl DK-ZaF/DK-ZaH ¥4 & ) NEE i & %455 3 1)
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DK-ZaF/DK-ZaH -3 5 % H -~ NEE i & 1) H 2 et 26 15

Wi 7 fioR, DK-ZaF 3 2195 A >F35 NEE 1) H AR R B2 K F FZHEC DK-ZaH 3 55 NEE A2 (b i
2. DK-ZaF i 1 22 H, 9 % 12 H4h, NEE [ H FIFEAE Ak, Hrb 6~8 H ik shig &
ForERE . 7E 6~7 A, BT LS AERIX, HEEEE, JLF4 K NEE B h fufE, M.
£ 7 H, AERGE A RKKRWGERN K, NEE i/ IME (R n KR IGHE ) 1] 1£-5.67 umol CO,/m?/s. 1E
8 H, HEZEBEN R, H 1 06:00 2)5, NEE I NERFE, RHAETRGEIERIN CO,y; 18:00 2
J&, NEE Z#iAE N T 1B, XBRWMISAE A T B . 76 8 H NEE 5t/ ME A1 KA 50 5 8—2.563 umol
CO,/m?/s £ 1.864 umol CO»/m¥s (14 7).

1M DK-ZaH 35 )44, NEE % H P HARW LA BARLIRE, FEAYERF 0 umol CO,/m¥/s
KA, BT 8 A /NMErIES) .

3.4. CO, HE A IETAHRHE

Il Jok-GPP

Il Jok-NEE Il Jok-RE
3| [ IHyy-NEE ] 7| CIHyy-RE 81 [ IHyy-cPP
7t
6 |
) S 5¢
S B
£ E 4}
O Q
= 2 31
1%} o
L o
=" O 2
1 |
0
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0 2
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(ad (b) (€]

Figure 8. (a) Monthly total change of NEE, (b) monthly total change of RE and (c) monthly total change of
GPP at Hyy (ENF) and Jok (CRO) stations in 2003
8.2003 £ Hyy (ENF)#1 Jok (CRO)u#fii(a) NEE B 2 &%k, (b)RE B REZ{H(c) GPP BREX

s 8 fion, NEE Nffl, RUVESRGWIL CO,, 1~4 AWBINERHER, 5 AW NG, Fw
ARG IR NIL, N AR B E/MA, 25 NEE E# N, LA, RUESRE N

Hyy (ENF)H1 Jok (CRO)ui 55 GPP 11 RE #2307 Wil (1) B VEAR AR AE, 7 H ok, Hof A K Ik
W, 1M NEE RIUN “PilgE—5" BURHE. EZ07 ARV, TiHEZE4 A)MKEA0 H)HEL
HEjl%, NEE /& GPP 1 RE [Z(H, BB T AR RGOEA1ERAERAE R FIAXE RN, BiB7E T~ #iE
PAKRR. BT, BOMEWERA —MOCEIER, ERERTE R SER, (R RS T H
fbARA Y, 1 IR A R AE i T AR AR K Ay, WPRAE I OB, BT R L A
BRHEREAE . EL 2003 SE4E K2R 7, 8, 9 AMGEENZ SR, Hyy (ENF)AHIFE H 4/ GPP 1 RE #BZLL Jok
(CRO)k s[RI Ee s, i H T S T AR B 1) 22 %

Wik 9, M 2010 4/ ZaH (GRA)FI ZaF (WET)¥k £iff) RE. GPP Al NEE fIH B &L Al & H, M2
HItaE, WZHEs S NEE #3468 A 7Ml, GPP KT RE, BIAZS RS HBRIEH NI, 7 H GPP 4
SHEIA B —4F R i K ME, 8 A PZHSS S GPP & T4 98/, 9 H GPP /T RE, NEE N IE{EA:
A RGNS BRI -

DOI: 10.12677/gser.2020.94023 212 AL


https://doi.org/10.12677/gser.2020.94023

20 o B o A T T
Il ZaF-NEE Il zaF-RE Il zaF-GPP
] [ ]zaH-NEE [ J]zaH-RE 6 [_lzaH-GPP
) <)
~N ~N
E- E
(8] [S)
K =
[TH o
1] o
=z o
At
............ 0 ol
Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec Feb Apr Jun Aug Oct Dec
(a (b) (c)

Figure 9. (a) Monthly total change of NEE, (b) monthly total change of RE and (c) monthly total change of
GPP at ZaF (WET) and ZaH (GRA) stations in 2010
[& 9.2010 £F ZaH (GRA)FN ZaF (WET)ih &= (a) NEE B 2 2%k, (b) RE BEEZT(c) GPP BREZL

< 9 v, ZaF (WET)ufi 55 NEE, RE fil GPP H & &SI B 2 KT ZaH (GRA)E(E, ZaF ¥k i) = 1%L
WSS, HHREETE, M ZaH s s AHILE E, BEEAKR, JUH NEE HAK+ 0406,
HERFTE 0 £ APES).

4. BiLTRE
4.1. EELiP

1y AbARcHh DX 2H O 0 i e i 2 0 H 238 g i 28 . H 3l s BB IES H I 12:00~14:00
Z 18], SARAE AL 0:00 Zidq o BRYSCSE S35 3R I (R BH sy TR0 18] o DY/t i H B8 B e ph 28,
Bl A R R IE 7 A, BMEHEE 12 A. CaiS ML 2MEHEmETHENES, F
WENRRNA: B> FT>LF, EFENEKA =FmBE LB RENERME, FEMAZEH
MZERAEE.

2. 2003 4F%5 % Hyytiala Al Jokioinen MLl b [X FHA% % % Zackenberg Hb X P 4N WL 3k 4 4 A H Fl
VUZE() NEE (-3 HAR WA I R RHE. f£—RP, WIAIKES 7 NEE WEHEAEHE, £ERG K
P, ERKEBS IS NEE NAE, ABKIC. fRE NEE B IE U AR IS (A5 221 ARt A8 ik . 4
ZERRI NEE B IEAR I (R 2R T2 2%, H 45 H NEE AR A T4 =W =AM A, B
ZERRIC I A T4 25 . 7% 2% Hyytiala F Jokioinen XLl 54 #h X FIA% 4% 2% Zackenberg i X 75 /N Ik 1) S 6
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