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Abstract; During 1995—2013, the carbon emissions for farmland uses in Pingdu County (in Shandong Province, China)
were calculated by selecting the main sources of emissions and establishing a measurement system for the sources, including
indirect carbon emissions for agrochemical inputs, direct N, O emissions for N fertilization, carbon emissions for energy
consumption and straw burning, and CH, and N, O emissions for livestock farming. The changes in carbon intensity were
calculated based on the changes in agricultural output value, and the changes in the carbon sustainability index were
calculated based on the carbon emissions of the main sources and carbon absorption by the main crops. The results were as
follows: (1) The order of annual mean carbon emissions was agrochemical materials (22.50 ten thousand tons) > livestock

farming (17.41 ten thousand tons) > straw burning (6.62 ten thousand tons). The carbon emissions for straw burning
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showed an increasing trend, whereas the emissions from the other sources showed a decreasing trend. (2) The increasing
rate for the agricultural output value exceeded that of total carbon emissions, with the carbon emissions per agricultural
output value decreasing from 1.24 t/Yuan in 1995 to 0.35 t/Yuan in 2013 (annual average decrease of 0.0459 t/Yuan).
(3) The carbon sustainability index had an annual average increasing rate of 7.12%. This trend indicated that the carbon
absorption by crops was greater than the carbon emissions from the farmland processes. Overall, this study not only provides
an understanding of carbon emissions and a scientific basis for sustainable development of farmland in small-or medium—
scale regions in eastern China, but it also promotes the reduction of agricultural carbon emissions in China. In addition, this
study could provide basic information for the investigation of Land—Use and Land —Cover Change and Carbon Cycle of

International Human Dimensions Programme on Global Environmental Change.
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(1996—2013 4E IR GEIAELE ) , AR 24 FAR A 76 11 AR 48 W T 3 NE L TR S VAR AR . b Ak A 245
AR BEAE BRE A REPTa i R . AR A s IR R R N AT KRR
JN K HEWREIEY ; BEATAEY ™5 e A6E SR B30 AR & SR AR AR A i 4 AR
A I O IR R ISR ARSE KB ASSCER IR AT LA AR TR B ARl RN E Ol SR FERT LA A
B A (1996—2013 AEH E AR M SITHAFEL)

2.2 ARl Az BRHE A IR T
221 ARBEHAGRARL

AR SO AR G B A BHE R 05 e WA T 1T — 2 A A2 B A Tl 2 i HE s, LG AR T AR 24 4k
JEE s IR AR b VE MR FHEVERERE T 5 RS A B HE TR

FERE TR FF R G2 5 il 8 R i () A 2 R SR e o e HE A, ASTRIRP S | B B A AR R HE R Bt A7
FEAR KRR, A SR PSR S5 BRI ST 25 5 | o B 349 7K 7 U 40 IS o i 0 B HE T R 00 1R 2116 kgC/
kgN .0.636 kgC/kgP,0, .0.180 kgC/kgK, O, THE A HALIE B a1 FERRHEL

A =4 24 0 JRORE 32 B BRI A KSR, Lal 260 ARHEASR) 04 A 7= T2 RSORS00 0 33 045 3 7 A 7=
B E R R AR R A 3 A ) A 24 B ORI HE R B IR AR 45 & IR AR 25 1 il A i B
gl A P sk B e A 2 ABRHERCIFSE 1O B 6.00 keC/ kg VE J AR 25 HE i 2 550, 14 17 W00 2 ke b ) P A 24 4%
A HERL SRR 25—Ff A B A 7= 4 R AR B AR PR AR, (A G T [ A B A= 7 i 7 v e
TR A FEAR /D DRI AR SO AR S 7 S Al A 7= R A RS ) A R 28 SR, A S 4 A S T o, i
WA 9.44 1CO,/t, BIRRHERC N 2.58 kgC/ kg 1E R A M A A IR A TRl FE R HE L 22 8%

P T T DX R A RE VA A R A A 40 B, S FR T [ P V324G T TR AR RE RBT 1 RE i 10 S 36 58, I
W2 IR 53 A A 5 R I S0 SCHR AR A DA 858 . ASBIF 9 R FH A S 2252 I %) Dubey , Lal (2009) Fl West T
0, Marland G (2002 ) A A 78 A SR e o TR 6 BE AR HE i 24 5 25.00 keC/hm?, BEVEAERE Jy 31.06
kgC/hm”
2.2.2 AN EHE N,0 B

R 277 A K N, O, 5% AU E, N, O H A B R VB SR W B B TR A5 RE 05, (2006 41 IPCC
R = SR s ) RO SR = ST B R R ) O A T IR AR H N, O HEHEE F240.0057
kgN,O0-N/kgN, A 1 I8 DX I 3 A FH B BRSBTS AR 4 TPCC 56 DU YR IEAS 1245 (2007 ) I FE{E 1 tN,0 =
81.27 tC,# N,O AR mihik 24 i
2.2.3  FEFFRRGEIHEL

FEFF R BCRAEY) MRS FF ™ 5 5 25 5 1Y HUAE, SORS A ™ SRR 28 5% 7 s FAS FF R B 345 3], UK
PEAG AT 2R 8 REFFIRBE R 22 R 2 BV E DR FF S i S 3AM 0.247% 0] AFRAS BN 28 5% 7= s AT 48R
PekHERE (% 1), CERGA I TH S RFF SRR RO, Horp AR TSRk 16.5% SE0E 319%™, FH BT
FONGT B T RS AR BE R E N 19.6%

R1 FEFRRBERRHER

Table 1 Carbon emission of straw burning

JiH INE BT E/S LS MR Ka  Hemefy o Wik pi%s At
Ttem Wheat Cereal Corn Sorghum  Sweet potato  Soybean Other grain Cotton Peanut Tobacco
P—

%ﬂ:?\ﬁ 1.39 2.13 0.96 2.32 0.42 1.36 1.60 2.61 0.89 0.71
Coefficient of straw

" —

*ﬂﬂq&&k%ﬁ . . 0.89 0.89 0.91 0.91 0.95 0.95 0.90 0.91 0.95 0.95
Collection coefficient of straw

TR e ;

il i 0.058 0.089 0.041 0.099 0.019 0.061 0.068 0.112 0.040 0.032

Carbon emission of straw
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2.2.4 PEFEIRFE CH,A N,O HEjK

FEHOW IR A A =g sh o CH, (N, O HERA B 5k, Hodfelb A= 7= T 7= A= 19 GHG HETL, F 38% /&
W HTHEBOLIR | BRI 8 & B CH,HERCRIZEME CH, N0 HE, IPCCH™ B T & Bol 3754
TR = S AARHE B A T, CEHR S SR S gm bl iE ) O TR A I T R E R R S AR R K IR i
S CH, HEB R BORZE A 2 CH, R N, 0 HEBCREC ™ (£ 2) o[RBT I 5 SCRRHE R 14 437 , A HF
FERYE TPCC 55 DUYRITFAL R 45 (2007) AT %0 1 tCH, =6.82tC, 1 tN,0=281.27 tC, %% CH,Fl N,O #B4 5 b 4 i .

F2 FHFEHE CH, M N,O Hi RE (ke/ (K - 4F))
Table 2 CH, and N, O emission coefficients of the different types of livestock and poultry

S| LAES e 5 o 7 4 = 4 RE
Ttem Dairy cattle Cattle Horse Donkey Mule Pig Goat Sheep Poultry
S ipIE K B CH,HEK

. . N 89.70 67.90 18.00 10.00 10.00 1.00 9.40 8.70 /
CH, emission from animal digestive tract
FEH CH, HEL
§ . . . 8.33 3.31 1.64 0.90 0.90 5.08 0.28 0.26 0.02
CH, emission from animal excretion
FEE N, 0 HEl

2.065 0.846 0.33 0.188 0.188 0.175 0.113 0.113 0.007

N, O emission from animal excretion

2.3 RN AR I I 5 vk

AN, SEAAE Y G & VR I CO, , B O, B A W= iyl 7 . h TR A 7™
NPT R WA —E AR AT DU 22 57 B AR A A= 4 B e S A & e i, R
TEAE R MBI . AAE AR R BRI A8 33 8 5 T

S, =2 C, (1)
C,=C,xD, (2)
D,=Y, x(1-r)+H, (3)

ol S, WAL KIIRBIRACRE, C, JIEYD i BORRBRIE . C, AW i AR BUR (TR ) FF s Z0le
T, Y, VYD i B2, D, WA ¢ AR CRTIR) | H W § AR, r e
IR E KR R AN AV BRI R 0 3 3,

R3 EERIEVEF R QKRB E

Table 3 Economic coefficient, moisture content ratio and carbon absorption ratio of major crops

Hem
TiH N BmF S Bk ER IR pNGE JEX (7B 1 R AC O L B
Item Wheat  Cereal Corn  Sorghum Sweet potato  Soybean Other Cotton  Peanut  Tobacco Vegetable
grain
G AR,
0.40 0.40 0.40 0.35 0.70 0.34 0.40 0.10 0.43 0.55 0.60

Economic coefficient
Sl
aﬂ(? " . 0.12 0.12 0.13 0.12 0.70 0.13 0.12 0.08 0.10 0.85 0.90
Moisture content ratio
LU

# / 0.49 0.45 0.47 0.45 0.42 0.45 0.45 0.45 0.45 0.45 0.45

Carbon absorption ratio

2.4 AR P B Rtk Al R ek AR A

A TR HE RO B F 22 B 7 AN 28 AR TS 4E E 0 2  AR BEAR ABR AL RUIETEH] 3% N, O B¢
TR HEAT SRR i HE ORI e 78 FR 58 CH, A N, O R, FEEEBEN B, ARMRR Wl B 2R AR AR By a Wi, 3
Sco HATHERIBRHARNL, BIBRIREE Q=E,/V, X,V A" (AN E Bl ™ (B A [R]E S 1 4% 4F 197 (B
HATAT PO WFFEARE S ] LU RS SR BO 5 T 2L 1995 AFAE A% (97 {H
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Al A 7 SRR — AR SR b R e b R FH R 2 5 R e DB HE | R E AR, S T R A

Wb & JR AR BT AR R FHBRHE ORI W, A ST LTI AM 2535 Lal RS2 T8 ATRESEMEFR B0 (D) ™ 4
BT DX AR bR e T R4 B0 AR AR TR

I1=(S,~E.)/E, (4)

3 MRERSHH

3.1 FREERMAELR AL

BEE A CTR3E N, 764 B A L 0 R T 5 0 1 ) R s Fa 3, Sk 1 ARIE IX A VR 1 7, 4
TARRE A 25554 AL 2P A A DL RS S MU R B ol T BB, MNISRER B M 1995 41 2013 4FF
JE FEARIEY RN 201.27 5 ¢ S50 397.88 U7 t, ARG RGK 4% ; 5L FIR, BEHLTE A 172412 hm?
I/ F) 165364 hm? AR08 /0 H0h 0.24% , BRI TR A0 H80 A 5 B AR Ak 26 IR | 1 B FE A 9 IS B AR AR I AL
PR A i AR PR R AR K, R 7.52% s A AR 27 S48 A R R0HE IR 5% 2 2 Uk =22, 4390 R 0.19% ,0.52%
M1 57 201 185 5k B 2 Il (34, AR 3490k 3658 2.37% (B 1)
——— RICFAREENIRIE —— AT

g B .
£ g 3 ——— RS A BB B 240 &
S B g :
> < 2 =
Ma 2 2.5 — 20.0 'ﬁ’ﬁ.‘:
< EmZEI 20 4 160 <27
BEZoEE 252
HEREEE EZz
SCRZEE 151 4120 £52
T2REEs SE-
S5 ®E 0 480 KE
BESTE g
K= & 2 — 3
‘:s ‘g 0 05 - - 4.0 5
=R g <
5 5 -
E‘J 0 | | | | | | | | | | | | | | | | | | 0
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E1 FERMEAFARNEETL

Fig.1 Change in input intensity of farmland intensive use in Pingdu

A 7 SR A AR BT SR B 55 3 g AURUEL Bl 0 R S R T R Pearson AH S AT
A ZE ARG, Al ARG FE A5 RE (OUI) 9 0.05 I, P i AR BT A | & A AR HUARLEL 3l 7 5 B A 25 10
IEMR (K 4) o FIRFENTRAFEIHR AR AR R, ARG A B IR 3 1 B AR B R AR T 4, 030
7 0.56% \7.85% ; 5 A NEUFE IR RMIR TN T 0.15%, SR/ ARARZEZAR, AR AEY = i, S 3 A 1Y
R A DI A oK

*4 FEFE5HEXETFH Pearson HHX DT

Table 4 Pearson correlation analysis of yield with other related factors in Pingdu

o It i £ REHEA EZ2EPN s U3 71 e
T S 1t Pt RGN ! 3 I oo
R Cultivated Agricultural Rural Machinery .
Variable Ttem o . Labor force Trrigated area
area material input population total power

Pears ]

Jel Yield  Leason HIKHE -0.451 0.722" 0.641" -0.947" 0.992* -0.163
Pearson correlation
A 0.053 0.000 0.003 0.000 0.000 0.505

Significance

. 7E 0.05 F7KF (XU | i AR G

3.2 FEEAHA B FHER
M 1995 51| 2013 4F | - B A bR FH i RE P A SR B I 7= A G TR 32 HE R 19 9 shdse /N, I 2 firas , A
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B AT BRHERCRE M 1995 4E 1 19.05 J7 ¢ /03 2013 4EAY 18.71 J7 t, I8/0 T 0.34 J7 t, AR b o
0.01% , Hrbfe L2240 JTT4% AT 7= A= 1 T 422 e HE 32 A i o R R VERERE 1Y 15 %, 4% 1 AF S4B HE T 4331
1771 T3 ¢ 115 J7 5 AR FIAR 1 B HE i (0 722 A e 34 5 A BE 45 A B HE Tl 1) — 35, 0 52 el 2 (g e ) H
AR HF-0.02% , FERERRHEHCED 2 BN Ay ka3, AR Y3 SR AT R, 2 0.36% .,

AR A G 50 AR A 1 0] P 1) 22 B HIE 5 70 o7 R L 47 2 T, 20N B ik e K, 1995—2013 AFAF 1 B ik 6 vl 36
56.29% , HoR B AR 15.66% >WHEHE 10.08% >4 24 8.61% , AL | JE ML #E BE FBH/EFE BE 5Tk AHXT B/, HAE 20 1)
1 3.27% 1.67% 4.42% . 54 W) Pt HE 4 %l e AN [R]85 A B8 80 AT 7= A o) 2 e HE AR 3 A8 40 R 25 el
RK, R R IR K 12.79% , HRSZAPAR 2.17% >BEAE 1.02%>HHEFERE 0.60% , R R LI 4
HUR I RRHE T BT ik K, 1EJ&: N 1995 4F FF 4R UIE 38 AT 7= A= 14 18] 422 Bk HE I 2 328 AR 0 20, AF 2> 208 1.
78% , 5 BLIRIET , A< 2 RN HE IR AE BE A 2 B AR ARG K LB A3 o - 1.22% . -0.21%

25.0
BHERERE < EERERE WM D%
EE i = AR = EE
20.0
E
X L
g\gls'o'HHH ll
=}
£ o OO
#1
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Qo
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Fig.2 Carbon emissions for agrochemical inputs in Pingdu

5 450 T 1995—2013 AFF A #A bemme HE ik, AU A 4% N, O B (AR AL N,0 Blt) 4k & F75
CH,F1 N, O HEBL, LAl A1 (1) FEFFRRBE AR h R, (H2 A 1A T 3R B ki R 6.62 J7 t, K
T 1995 4EHY 6.09 J7 t, AESIE R R WA R, ] 1.72% . (2) FHE N, O BEUEZARmU D 1), HI{E M 0.0449
T3t ARSI AR 1.78% B AR mU RO £, (B R 3.65 J7 t, (3) BHOIFRAE CH,FI N, O R
KSR S YA iE K B CH HERCRISEE N,O HE At 2 B g HAR AR fb 03 51 - 8.53% . —2.66% , #H
XPEEK SR ZEAE CH, AR AERF S , AF R R 0.75% , K I 4T 5 B & Polb e HE Y 1, T R34 (8 R
17.41 T3 t, 5349784630 -5.54%

3.3 TR R R R A

M 1995 451 2013 451 BEARAE P A= A< AR A 22 BUBG iy ke %, €M 135.43 T ¢ 39 m 21 182.53 J7 1, 4FYy
HIRRIK 2.06% (£ 6) , SUREFATAEY M, H 12 I3 (B2 VEY A K I a ko K T2
TeAEYD, e BiA3 T 5.00, HXE 4391 124.53 J7 £.31.30 J7 t, BLAVEVST BRI Y STRR T &, B oK 5ok ak 39.
34% , /N H 38.84% IR, A THNEYI TP AEA R 10.33% , 5380 9.02% AT A K, Ho B AR sik AR5 /N , AN
it 1.20%.

3.4 OV REAR ORI FH AR B ] R

FFEMEAT 2] T 1995 4EF] 2013 4F @Y SR E O, 6 T i 285, L AR BUth S8 & e, T
FEREL R SRR 0.9729 (D 3) , R s i B A8 Ak 2 PR A8 1 — N2k A B B R 20 AT, ik ok B R 471
/0 0.0459 v/70, A\ 1995 411 1.24 v/ Ik 2 2013 419 0.35 v/ JG, 20 T 0.89 v/I0, [AIAT AAIET 3 Ay s 22 AR
AT, A 2007 AETFEG , thZE 5 X AlBR ok R Ez A7, RIVRS 38 B2 2 8 i 3 T — N e (Y, i A4~ {1 BE e
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TR PHEAOR TR SCRE B HE TR, J2 DX A e e s 5 1) A BRARL ) B 7 (LR 588

x5 TEFMGEHREER ERMERLREEREE(T )

Table 5 Carbon emission of straw burning, carbon equivalent emissions of N fertilizer and livestock and poultry farming( Ten thousand tons)

FAE N fertilizer FB WO Livestock farming
AR BR Bk HE L . \ oy o 2EE CH AR 2405 N, 0 HEK .
E FeAT AR o EEMCME R CH R . 207 e
Carbon emission N, O B ) o . L CH, emission  N,O emission . L.
Year . L. Carbon emission CH, emission Carbon emission
of straw burning N, O emission . . . from livestock’s from livestock's :
equivalent from animal i _ equivalent
. . excretion excretion
digestive tract
1995 6.09 0.0559 4.54 3.24 0.403 0.0574 29.53
1997 5.46 0.0511 4.16 2.28 0.312 0.0437 21.26
1999 6.36 0.0535 4.35 2.70 0.403 0.0542 25.54
2001 5.25 0.0464 3.77 2.69 0.412 0.0555 25.67
2003 5.22 0.0453 3.68 1.89 0.361 0.0476 19.23
2005 7.21 0.0386 3.13 1.24 0.324 0.0359 13.55
2007 6.94 0.0423 3.44 0.79 0.294 0.0277 9.67
2009 7.99 0.0419 3.40 0.65 0.370 0.0300 9.39
2011 8.34 0.0399 3.24 0.57 0.396 0.0295 8.99
2013 7.66 0.0389 3.16 0.54 0.415 0.0309 9.01
I Mean 6.62 0.0449 3.65 1.69 0.369 0.0418 17.41
FyARAY &
Riskela 1.72% -1.78% -1.78% -8.53% 0.75% -2.66% -5.54%
Average annual change rate
R 6 FEREMERIBBRRE(T )
Table 6 Carbon absorption during crop’s growing period in Pingdu( Ten thousand tons)
HAEY Grain crops ZAEY Eeonomic crops
Hr
/':F%\ N ) . ﬁ’Eﬂ:\ B b K*E . » o n ;
Year N BT ER aE o KE afEy B fide bk LIP3 Jyil
' Wheat Cereal Corn Sorghum 1/1/ Soybean  Other Total Cotton Peanut  Tobacco ~ Vegetable Total
potato grain
1995 55.10 0.13 51.06 0.37 0.65 1.64 2.80 111.74 3.38 14.67 0.00 5.63 23.68
1997 58.64 0.02 38.09 0.14 0.42 1.16 1.51 99.96 0.83 11.51 0.04 7.69 20.07
1999 56.97 0.01 55.23 0.18 0.50 1.63 1.72 116.25 1.42 17.11 0.01 9.68 82
2001 46.52 0.02 45.90 0.12 0.25 1.10 0.12 94.03 1.23 17.40 0.01 14.27 32.90
2003 43.56 0.03 47.28 0.12 0.27 1.09 0.12 92.45 2.04 18.49 0.01 17.57 38.11
2005 66.22 0.00 68.84 0.13 0.18 1.21 0.02 136.60 1.55 16.50 0.01 15.25 3331
2007 61.89 0.01 69.13 0.09 0.12 0.76 0.01 132.01 1.72 16.08 0.01 17.53 3533
2009 74.98 0.00 78.87 0.01 0.06 0.32 0.01 154.24 1.84 15.63 0.00 16.36 33.83
2011 76.74 0.00 87.67 0.01 0.05 0.25 0.01 164.72 1.62 13.50 0.00 17.90 33.02
2013 72.28 0.00 71.70 0.00 0.03 0.11 0.00 150.12 1.36 13.06 0.00 17.9 3241
#I{ Mean 60.52 0.02 62.13 0.13 0.24 0.94 0.55 124.53 1.67 15.54 0.01 14.07 31.30
FEHk Contribution rate 38.84%  0.01%  39.34%  0.09% 0.18% 0.67% 0.41% 79.54%  1.10%  10.33%  0.01% 9.02% 20.46%
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K BB B, i 2005 4F 2 2008 4F & P 8 K B BE, M\ 1995 4F 2 2013 4Ehk n] 5L & R 550 E i 1.28 14 i %)
3.74 B RN 7.12%
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