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FEE: BTE TR CO, MR BRI B AR MURAE 3 e BE3 i o0 A B AE OB T 2007—2018 4F o 1 4w [ AR 25 S5k
MG T F A G COL MR BEEWLINAS . BF9E T AEAb P AR [ CO, MR BE I ARBR AR B A CO, 38 1t 55 B A5 R AL ARRAE
XoF FEA A T AL AR T CO, M 5 T ol TR S A S 3 CO, M AR (bl Je 22 5, SRR T+ £ 48 4B L JFi4k [
CO,AEF- IR B TH 5 31.0 wmol/mol (r=0.263, P<0.01) ,AEH14H7 (2.58 wmol/mol ) 54BR AT HLEA 3 KA CO, Mk 1
WRHEIT AR A CO, Mk BEAR BRRIAE N Z 15 AR Ak P 2l B, H - 357k B R P 357k B 1 22 43 59 o 33.7.33.5 pumol/mol, 442 [
CO, FHHe FE 395.8 pumol/mol, H 1K 36.2 wmol/mol (10.1%) ,8 A FtH 2 {HiAF] 74.4 pmol/mol (20.6% ) , FEAEYEK T,
5 HH 8—9 H H K CO, ¥ H B A BT b TR T CO, il i sh A28 MM PN IEAE , 6B 4—9 H BI] CO, ik B i it 5
BAEARGT H S T AL I A /N IR R AR AR AR S AR TR ACH Y OC R, AR I CO, MR L Bh A2 A S5 T 13t
FIRAANC S AR ARIEA ], R B B SR E LA 225, A CO, MR B K ZE 15 AR (LR AE R i 55 FH P4l CO, e
JE T S AR A AR AR SRR

KA AR AR 5 CO, MR AR TR ARRAIE

Variation characteristics of atmospheric CO, concentration in farmland of North

China Plain
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1 Chinese Academy of Meteorological Sciences, Beijing 100081, China
2 Gucheng Ecological and Agrometeorological Experimental Station, China Meteorological Administration, Baoding 072650, China

Abstract: The atmospheric carhon dioxide ( CO,) is the most important greenhouse gas in the global warming. Many
researches concerning the CO, concentration enrichments impact on crop growth and product had been carried out based on
the change of CO, concentration which observed from background station instead of from farmland station, yet the crop grew
in farmland near to the village and town. In addition, few study paid attention to the variation of atmospheric CO,
concentration over the farmland despite many researches focused on carbon cycle and carbon exchange. In order to know the
long-term dynamics, trends and increment distributions of CO, concentration in farmland, we collected the data of CO,
concentration observation of open pass eddy covariance system during 2007—2018 over the farmland in Gucheng Ecological
and Agrometeorological Experimental Station of China Meteorological Administration. After data quality control and
statistical analysis, we studied the dynamic characteristics of CO, concentration in farmland of North China Plain, such as
inter-annual , intra-annual, diurnal and CO, flux, and compared the differences of CO, concentration and the trends in

farmland of North China Plain with those in urban station and atmospheric background station. The results showed that the
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annual average concentration of CO, in the farmland of North China Plain had increased significantly from 361 to 392 pwmol/
mol in past twelve years (r=0.263, P < 0.01) , with the average annual increment of 2.58 pwmol/mol of CO,concentration,
which close to that in global and Waliguan background station of China. However, the inter-annual and intra-annual
variations of CO, concentration in the farmland fluctuated greatly with the standard deviation (SD) of 33.7 and 33.5 pmol/
mol respectively. The average concentration of CO, in the night was 395.8 mol/mol, higher 36.2 wmol/mol (10.1% ) than
that in the day in all the months, with the highest difference of 74.4 pmol/mol (20.6% ) in August. In crop growth season,
the two valley values of diurnal CO, concentration accurately matched the two peaks of the dynamic change of the CO, flux
in May and August to September, which indicate that the dynamic changes of daily average CO, concentration and flux in
day and night from April-September well reflected the relationships between the growth processes of winter wheat and
summer maize, agricultural activities and carbon exchanges of farmland in the North China Plain. The dynamic change of
CO, concentration in farmland was different from that in cities, wetlands and atmospheric background stations, suggesting
the different formation mechanisms of CO, dynamic change. The characteristics of diurnal and night and seasonal variation of
CO, concentration in farmland can provide guidance for studying and evaluating the effects of elevated CO, concentration on

crop growth and yield.

Key Words: North China Plain;farmland; CO, concentration; characteristics of variations
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AT, A CO, e J3E B AR B2 3 32 3 A 1 3 A A AR AL A IR R 3R [ 2, DR, 584 I CO, W Bh 3
ARACAT B T St 1A AN T AR AL AR M A A A 7 LA B T AR 25 AR Gt i A AR S LB A G e, AR
IR FRIESRERTT 20 T4 90 AT A AR A LR BRR A 4], I3 BL B CAE 4 A RAARR 2
HEA LA P51, F52LTF e T RS CO, S SR BE UL, A 2= P 19l il P05 | e €
R R )R AT A A BRAG R B AS KN CO, R i ROl i S5 RO 2 SR, Hh T RAAS IR A 1%
TERE B AR MRAE S R G, R CO, W AR 32 N 16 Bl A5 2 0 Al BRI, ELAE A R AR 3l CO, W
WL E A TEA I AEZS R GE CO, MR BEARA XS RN Y 52 ) R BEAFAE— € 2557 o RS AEAE N HVRT Tl 2 4R X
B H ARG AR T CO ML R LRk = S 45 W AAZ (TS, AR BB AS T, A
CO, W EAEAR PR AR N R A3 B AU T 2E

N T FRACHT CO, W BEA I B AR AR A e BEIG oA A XA AR SC A B UG R T AR 25 S Al
AGARIR G 224 R CO, MR BENE i R, 7 A< T CO, ¥ BE O ARBR AR N e 45 sl A8 fL R, W]
R CO M PEIG AR AEW A KRR A K ZE A A 3, I FEACAR T CO, kB2 5 R AUAS I Ak i
CO, W EARAURFAE B 2257, KT HAIEAL CO, W E TH B M AR K K B F T M= A S R Ak dl

1 BiEkFER RS E

L1 Bl B X A Qe

R R T SRR I A 255 AR SR K0 0 9 T8 3l I 22 46 ( Gill 8 75 XUEASCRI Li- 7500 €O,/
H O30 o B30 AR 255 Al R G 96 il o 7 T b A8 5 i 2% BL BB (39, 15° N, 115, 74° B, T 4K
24.0 m)  BEALSUHTLL HAHTES 100 km 208 AR Q0P JRA /N 5 RFORIEFR R ™= X, T3 EE A
/NEE (10 AZERAF 6 H) HEK(6—10 ) A FADRATER KM I 125 g vl i B 1—2 km A7
RS o ARHE 2016 4F TLEL W e [ B b X 80K A CO, AR 3579 B 43 bR e © | (3 3mcant S AR R A0 R AR L AL
H(BRAUHE) ¢ R CO, M 25 [ G4
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1.2 Hdl S5hbs

[T 3 38 S R G5 5 85 0% 4.0 m, IR BN ARGl BB A4S CO, % (mg/m*) \CO, B (mgm™” s7™") |
IKIRARE (g/m’) G (m/s) KU R BB RSE BRI . RGN RFESIFE R 10 Ha, BURRERS
4 CR5000( Campbell) , F Gtk it 30 min P49 B2 F3E s 55040 , I (R]F 51 2007 4F 1 F 1 H—2018 4F 12 H
31 H o, [AlF, B FUE % SRR 0 (WDCGG) W3 R 48 17 75 ¥ PL B G RAUA IR 3l 1994—2016 4F CO, ik
& HAEEWE .

FI R 335 30 min -5 CO, e B2 1 5004, 2 BEORH 56 SCk v 16 21 28 5 38 o S00HE 174 o dk 4 o) 4 3 7
TR S A S AT (] (R T S SR B ML I 3h S B S AL R AT T B R AR ] R, CO, MR R AR
PRAB (A 1000 mg/m* , BF g SRR 7 2540961  MIAR RLZ 22 KT 5 AT bR e 22 0 BF A

3 T A A T Ah B S B TERCK e A BRI KR4 | 2007—2018 4F 30 min S CO, M 1A R8O 1 2 3R AE
38.1%—95.4% 2 Al (F 1), 20082014 2016 LEHLIM A TR Z

1 HIBELEE 30 SHHFEY CO,REMBENERHIEES X
Table 1 The percent of valid data of CO, concentration and flux after process

A Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

95.4 38.1 82.1 89.9 73.7 88.4 88.0 75.5 87.0 65.1 93.9 87.9

F G CO, MR B H A B Sy BT AR B BE (mg/m®) | O 17 Jo A (R R 8 46 80 Oy JBE MR B ((umol/
mol ) , ARG R 8 N B4R T A X e B 8 B I S B AR MR B s . AU €= €, xRx (T, +273.15) /44 %
P, X, CRHBEIRIREE, C, BT AR | R SRR IR MR L 8.314, T 4RI AR , P, o < UE . BAfi4 5
J&i B 30 min BARGETH N 1/ B R 1 HBdE , TR T TR BAE R AT 30 min P ERUREEE Y
SR, R e TRV R T 4R A4S 1] 5 MEE H I Z03E IS 30 min U] T B8 8008, H 9% i %0 ok s ] 45
OB , TR (B 4R NS s s 2R sSR s %, 4 B H I E] 4,50, 55038 H i EHE] 7,36, 4FF
BIH MBS 6:13, FB HERFE] 19.47 55 BB E] 1654 45734 H TR 18:21, ARG & AR , 22 2%
BRI R IR 6,30, 45 HmTH 1830,

2 ERAW

2.1 AeH CO,MJEZ H PR L

i1t 2007—2018 4% H ) CO, Mk BE B | B3l 4 FH CO, Z4F X3k 4 377.8 wmol/mol , {HAF P I
SEPRIE SR, HE/NEEEN 312.0 wmol/mol, H it K 477.8 umol/mol , B4 )7 51 bR fE 224 33.7 wmol/
mol , PRMFIEF] 150 pmol/mol (& 1), 2007—2018 44 H CO, ¥k B 52 BLIE & P T+ sk #(r=0.263, P<0.01),
M 2007 -1 361 B 1F] 2018 4544 392 wmol/mol , SEJAEIE IR 2.58 wmol/mol , 1% M4 I8 5 4 BR AN FL HL A
JEVE KA CO, M BERETE (2.08 wmol/mol F12.06 mol/mol) $£1T .
2.2 RH CO,MREEAENBIA

Hiit 2007—2018 4FiZHT Z4EF-35 CO, M B R BH , B3k CO, 12 B - 40k B AE AR N R B 2 16 2 A s A%
fE(E 2) . 1—4 HZBERSEY) CO MW FRE,5 A 1 H i 5 2 B ARAE , eI i) B i 25 4 33.5 wmol/
mol, 5—7 HZW YR EE gt 76 7 A 1 HETJG , H SRR H 5o CO, MR BE TR IV 5 06, % 301 6] B b
WEFEH 37.6 wmol/mol, 7 A EAIZE 10 A i), CO, H Fe ik i fie/IME B AE 8 H iy, i H d5e g vk B i
KA ABAE BB (8] 35 2) f =1 04 % 1 10) CO, P39 IR BEARE2E M 45.2 wmol/mol,, 10 A W A] % 12 A, BHF-1
WM TR R E] 1 HMRERIRAS . AR B AV AR IE 2 33.5 pumol/mol ,
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Fig.2 The intra-annual variation of hour to hour average CO,

B 1 EHdh 2007—2018 £ CO, & HF iR EERIT L

Fig.1 The interannual variation of daily average carbon dioxide
concentration in Gucheng station
concentration from 2007 to 2018

2.3 HAZhES

45t 2007—2018 4EZ W44 CO, e B | 15 51 F- 1 450

COKIE I (K 3) . T, FIK COME  E ao)

B, F-4 8 360 wmol/mol , Eorft, 15—16 B CO, Wi 5 H

i, 24 346 pmol/mol (F5#EZE SD 24 20 pwmol/mol) , & gg »or

] CO, 85, 495 394 wmol/mol (FRMEZ SD S £ 60

37 wmol/mol) , ZFIAl H H Hi Bl CO, e A% 129% . 4K = | |

24 h ) CO,WRIE S U7 B i BRif2% SD 7E 20—37 g frro bar: SD

pmol/mol 2 [l K7 [l 4 76 R 71 245 CO, ¥ JE 4 ool

5] 101—163 wmol/mol T &4 % 2 3 % 2 %
[ 4 1—12 A CO, V-2 B A5 (ks 45, W] I Time

ANFEH Ay Z ) CO, M 2 58k, &iE) CO,HE 8 A M3 Bk 2007—2018 £ CO,RMFHRE AELHE
e ,2 AfHmAK(2 H<3 H<4 AH<1 A<12 A<5 A<11 Fig3 The daily variation of average hourly CO, concentration
)E] <6 ﬂ <10 )5] <7 ﬂ <9 ﬂ <8 ﬂ ) , %ﬁ;{:ﬁ%ﬁ 100  from 2007 to 2018 in Gucheng station

pwmol/mol ; 4K CO, ¥ & 10 H fem,4 H &l (4 <S5

H<3 H<2 H<1 A<8 A<7 A<6 H<12 A<9 A<11 A<10 A) , T K2 60 wmol/mol ,

PR KA CO, MR EE AL ARG B FINE | T JEWFI Ay i Sl Bk-HR O K 0IR B A 10 45 22 R R 3 [F] 52
ML 2R . FIR CO, M E R Z ARG A [FIAL | L3I AT A A i ShirHEBOE e, 4 F A/ NAERE T4k 2242
FlAE AR B B A AL T FERS 21 CO, , (B IR A XA , 38R I i HE A AH X520, CO, MR Mie A Z2 HE ik
B FEEKR COMRBERAK, 5 HF1 8 7354/ INA I F KA K e R D65 TRl A6 48 O, /%, (H
ISR+ SR B HE R LG 4 H T2 Rt P AR S5 SRR 5 H RN 8 HEla] CO MR 4 A, 10 HE £
KWCEN A/ NEWIFR SGE A AR O B, e 3 A i S B S AR £, e LA 10 AR I CO, W fie iy
A5 11 H—1 H BIOCH R T S0P AR/ N B R 45 N\ R 1% sl AT e N 1 A RS0 COL MR, & TH]
T AR AN A SRR NS SR HE G W 2 ) b IR R R AR, 1 B R W - SRR A PSS, R
S N R BRHERCTE S AR08, it L) 2 A 18] CO, MR B ek, 8 H 2 B E KA K RE G | 1 () R 1 T 45k
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Fig.4 The daily variation of average hourly CO, concentration from JAN to DEC in Gucheng station

ST B E 8 A I R R R K T R S BOR IR L CO MR R, S Ak R HUB R CO, Tk
LA 1,8 AR5 A CO, W NI R BT B sl K, 43 B I =5 440,392 pmol/mol T BEE e IK 1) 344
325 wmol/mol , IR 4> 53K £ 22% 1 17% , FBAFE R FORFNA/ N AR BERIN | (I RS ZL S 1E X CO, 7
SREERE, I 0 R T ] CO, MR,
2.4 BRI

K15 2 2007—2018 4FZ H B K CO, B EEAE NSNS, BIiH COMRERM LR aA , Kb 5 A
A%, 9 320 wmol/mol, 10 A W) e, #8id 380 pmol/mol, BZ1H] CO, ¥ FETE 8—10 H A& i, F1 440
pmol/mol,2 H ik, 2 350 wmol/mol Zity . ZAFMKIH]F-44 CO, ¥ FE N 395.8 wmol/mol , [ KF-1 359.6 pmol/
mol , %2 [A] CO, ¥ FEIA i T 1 K, B8 2% 36.2 pmol/mol (10.1% ) , JLHAE 8 A |, % I81SE1 CO, M Ho K
5 74.4 wmol/mol (20.6%)
2.5 CO,il s fbFFIE

2007—2018 4F-ZAFIZEMS CO, @ EAFN IR (8 6) , N 11 A2 3 Hih), CO, Ml FALERF/E 0.1 mg
m”? s 220, 3 ARG, B A/ N PG K CO, M IGE B E N, 2 5 A BA) A R(E 1.0 mg m”
s ZJE PRI, B 6 K CO,MdERE, 7 A FAIFIR , B FRIFMRREFAE K CO,MICH it 3 i 2 Pk
B, %2 8 HikFE KM 1.5 mg m™ ™', Z 5 HF RN, 2] 10 A Hf) CO,IHZIE 0.1 mg m™ s, 24FE
CO, M CTE Ht ARLARAAE 5 AR AEF IR A /INE TR R AE KRR FIG S5 2VIA . 5 CO, W IGHE & 1) i 3547
FEAIR], CO, BE0HE A 2SR AR /N, N 4 19 0.2 mg m™ s 470N %) 8 A5 0.67 mg m™2 s, FF] 10
HIKI0.2 mg m™ s 2547 o AEYPREAN A K CO, Rl it {47 WG 1t 1Y 209%—30%

http ; //www.ecologica.cn



6618 H

&t
s

iz 40 &

480 -
—k— KM
—— HX
450 | " |
T M
i'%' L M 1 "
420 + "ill “]l \ I'I-n‘
- " i
| i

390 [

360

CO k&
CO, concentration/(umol/mol)

330

300 1 1 1 1 1 1 1 1 1 1 1
01-01 02-01 03-01 04-01 05-01 06-01 07-01 08-01 09-01 10-01 11-01 12-01

H #i Date
5 [ElHiEh 2007—2018 &£ CO,BRFHREENIE

Fig.5 The intra-annual variation of day and night average CO, concentration

2.6 RHSKAEARE CO,MRIEELE

Hl [ it 4 FH R B B 06 S AR S €O, H P8 LT
WBERI A CO, MR E S FLHL R KA COL MK N3l
BHABRKRES (K 7)., RAAKRKL CO, B EA T/
BB B, Ak CO, MR BEAF NI 8 B K, B ifE 22 35 3
23.4 pmol/mol , J& KA AR NE G CO, ¥ B bR fE 22 13T 7
M H, 1—5 AR COo, ¥ i R T RAA R
B, AN, A CO, He R 5 3T ORNT I e
CO, MR« U AU AR AL FRAE AN S AR ], 36 B H 3 2548
I AL AT 22 57

3 Fit5itie

COyfi & CO, flux/(mg m2s™)

E6 EEiEEEEHEY CO,BRENNS
31 g Fig.6 The intra-annual variation of hourly average CO, flux
(1)2007—2018 4F &3k 2 451 CO, ¥ F 377.8  in Gucheng
pmol/mol , F - 41 3% FE 312.0 mol/mol , H =5 - 14 ¢
B 477.8 wmol/mol , B2 33.7 wmol/mol , PR ME K F 150 wmol/mol, 12 FEA% H CO,AFF-H4yuk B g BT & 1
31.0 pmol/mol (r=0.263, P<0.01) , FHE4ETHE 2.58 wmol/mol , 54 ERFNEL HL & KRR v CO, M EEAEY
i ST
(2) M CO, ¥ H A IZ=S 584k ik sh B K, B8] 14—15 B CO, e F A%, % 1H] 22 Bif 2R H 6 i CO,
WIE e, BIA] CO, MR L HLRila] CO, FHMeE AR 36.2 wmol/mol (10.1% ) , JLH: 8 Ay, B8 CO, W JEF
P22 74.4 wmol/mol (20.6% ) , K CO, MR shith<k b 5 A8 A P EAR xR T 4—5 H e
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Fig.7 The intra-annual variation of daily average CO, concentration of Gucheng and Waliguan stations

PR AL AC /N FFAETHE IR AN 8—9 H I T Al AL 2 I E Y A K BE e A 7R XA F O, ¥k Y
R 7 A 1 HEGE B CO, e BE S E A IEGr X 0 1 & /N B 5 oK & 1 09 %) - e 3 3], R 4—
9 JE[H] CO, ¥ B2 N 1t 2l 25 A8 A AR G- Ml S e 1 AU P SR A /N2 R FOKR AR K B A ST 3 R A L i 32 46k
KR,

(3) SRAARIKIH L, A H CO, MR B N AL BAT BRI st brifi 22355 23.4 wmol/mol , & KA
JEE CO,MRBERRUEZZAYIT 7 £i5, AR I CO, YR 53T AT 0 {8 CO, MR Ay “ U AU A8 AL AR AR A S AR [A]
TS A S A ZAIE LTI 25
32 ihig

(1) A H CO, W& EARL 55 A F 1 Bl R S8 # 2 [7] O R

AP IR B AR PR AN S B E R AGELE , o 4 A FRIZES Aham7 A TaIES A
I3 AEA /NN FORAERKIEBIN , IELS B, B E B[R] CO, e BE4E N sh S HRIE 5 4 /NE IR 41T -2
T - A - I - AT B R0 B KRR b - -2 Rl ik 22 AR - A A KR R B RS YA,
[, A CO, M AciE & (&1 6) MG (E L 54N EFE ERAER K TP R Rid e e—8, FHA X
e CO, e B Bh BB SVEVCAVER A S FBR B 523 UIAE G MR AR KR & RS2 A T CO, vk
FEARAR, Bt ok A CO, e BE iRt — @ BB 2 mfEY B & AL & [R] CO,MEEM 4 A 59 A +F
STV, e R R AR FT AR FH A5 A HLBRB I 1 25 5

(2) R H CO, ¥ B AR IR S R AR 7 i Al 2B 7= B AR TS L )i

RAEYCA ALK CO, , FEAK I [R] CO, I, FBUR H CO, MR/ ] H H AT T F 2 10%—20% , 471
KA CO, M PE R A AP AM2 1 T B AR A, CO, W, DRI, 36 24388 i1 FH 8] CO, vk B e AT 3R B VE W
P, SR R A E Y T A AR A AR — A A A e 14 S 1) 3 1ot 344 it A ALAE
M T35 CO, /77 TR AN [E] CO, ¥R =5 Bk, $2 mfEY ™= 5
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TE B BRARE ) EWAT S SR, — T EOCER R CO, W E S EY ™ i & 42 A Rl Bk

FHARBL R A AR =B M B Tt 55— 07 10, R 2SR TEAR I CO, AR i A KRB SR E KR ER
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