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A BRI COL Er B, v [ 2 2 XU
B A 0 B K HL 55 - R 0 26 R AR TT TIR A
AR o X SRR A5 (20 10)id A % 1 b A T ) e HE
TS il R AT ST, TA R AR RE R 2 e 1 A HE
TR PR ARG I ) 3B R 2= A (2007)38 53 %
A S A B ERUN 3 T 1981-2000 4% H
i MU AFL DY PRI 5 A R AR TEA T 43T, T A
Ol Bl M AT B Bk R I e B s B E SR S (2013) MR 45
BB VR T FEEICHE AR oA, % vl [ 48 20 DX 388 e o
B 1) 23 (RIS SRy AT 437 5 55 4 I 55 (2008) % i
ARG B ATST , & B4 R Oy X e A
Xl i o A= 2 R G R HE A & B E  i8A
SR = 1= A 7 N i o )5 s W 0] 4 IR
fIE(ZRAAE, 2008; MR AE, 2014; IMETT, 2015),

BIRSRTE , RZ B AR, A i
SRR R Y1 18 7T 5% e e HE R B, A A RE IR 1Y)
il Talb A 7= 2 A HE IR, A ] DX 4% s
R BRI A s A Ak 22 AR K, R FE B 1 X 45
(BRI R L2 S (AT 4 T, A R 2 00 b
DX IR AR 2 77, A A% o DX AT e e e
W AR R o P 2 R BT BT 2 4R
FRAER N L RS B XL, T ffe = A8 /N b
TG B 5E . o )™ ), 48 G X 3l —
A, 2R P I S s 2 Fh Y M SR BT, 28
TF R K- GEIR B 7k 254 | - bR R 2 5
i, FEX IR RTE BRIC S 2R R,
b SR A RRHE E AR 23 BRI 3G sk
M (B AR AR SR BOR 1 SEE , fe A3 TR B A ]
FRAE PR | 22 S AR /N i T GRS DX 3 1 51
P TR FE I HS 2205 R KA PRl 2
FEUR LI | DL B REVR A 55 T AR A L A —E
AR AR SCHE R P9 AR SCT 5% 1 SE At I, 3k
FREVRTHFERE B2 Tolb 7= i B G s ,
I3 I B A8 4% H T 2005-2013 4E4% Rl IR ik
T, Al AR 2 75 IR L 25 AR AL g A7 20, AR
1] B A4 Il 2 S % 4 ) R 08 45 o) 56 1 S T
HEFRIS AR

2 ik HEE

2.1 B BGCME A E
2.1.1 IR

REVRTHFE . Talk A= Aol 2B 7= 45 ] L™= A= filk
AT Aol A 7 7 A R TR Bl — A R TE
WA JEREVRTEAE Tl A 77 7= A R HERL . AH G
IR T, 3% 2 A HE AR o A BRON TR e I 1)
78%7c 47 (Schimel et al, 1995).,

(1) REVERR IR

REVRAN AR 2 (AR AR R, A SCH RE TR TH #E
FE SRR R SO A ORIR RS RR R R,
ELRTH G SR R e A e VR T L S
T BRI RARAR 8 KRB S T P . HAT,
fie S REIR I AE AR HE AT T80k 322345 3 Fh(Albre-
cht et al, 2002) , AR H&ECH A9 AT 1544, A SCR A IPCC
PALAY S Z M (Eggleston et al, 2006) , 1% )72 7E R
B2 BRSO, s T HaTRe RS i
TR R AN 58 38 1 T e HE O R . AR
KH:

C= Y (EC % NCV,x CEF,x OCF)) )

s COMRRIETEFE A= ORRHERL ; EC 5 i FhBEIR
HITHAE L s NCVoR S i FRRER 11 &2 M ; CEF, R3S
i FPREIR BB HET N 1 s OCF R4 i RhRE TR A A AL Bk
Ko T Ut B AR AR SO B2 e e 1) 7% 1, 7fe
DU 2 500(44/12), BT 5.2 COHElCR . AR IECH
EREIR ST AF 4 ) th X TR RR IR S5 250 o
] Ik T ek 2 AR B S R TR R AR AL
i PRI R HE R R 45 280, BA LR 1,

(2) Tk A= =R s

FR 4 (2006 4 IPCC [ 5 2= SR HA5 7 )
ATRE AR HE Y Tolb ™ 5, 455 F 44 3T 10 4 1Y)
Tl ™ i e B T 0T e A B HE O K i B
Tl BRTR , ARk K IE A R A7

Ok e =T 2k # i Co HEi . TPCC Hi#
TSR KPR R COHER R B T s (H

x1 IERFMFAMVE RHRE T RELETF

Tab.1 Net heat value, carbon emission coefficient, and oxidation coefficient of primary energy

U573 /4 bRl st Sl R WA PN/
R IE/(TI/kt) 20.93 28.47 43.12 44.10 42.71 41.87 47.47 38.90
T HERL K /(1 TT) 26.80 29.41 18.90 19.60 20.17 21.09 17.20 15.32
AR /% 91.50 92.80 98.00 98.60 98.20 98.50 98.50 99.00
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T R BB A2 AR 043

TV T S A B A I R LA BRI, TR R 4
7K A = Bl g vt v, T B BRI Bokk gk 0 |
B SRR PRI O R 2O TR N
Xt 20 40 90 AEAR Hr K e A F= i HEC R F 54 7
TG FRAR B A 45 3 22 F A K 2R AR SCR A
AN TN (2000) Y BIF 5T 285 2, RIZK I8 A4 7= 1 COL HETiX
K4 0.365, e LiK e & , RIAT 153 COHEil i

Qe T2 #E v COHE . R8I AE A 7=
J7 2 AN A, BB 7 o 7 A2 1) CO, 1k 25 S AR
K AR QXTI T2 B = A = SR =
AT (Eggleston et al, 2006).

Eco, = BOF % EF o, + EAF % EF,, + OHF X EF ., (2)
A: B, fRERMERA 1) CO.H U ; BOF 3R
B B b T2 AR T AN M s EAF R B ILY
T AT RN OHF IR0 T2 A 7= b
3 EFvor EFuar EFous 73 SRR A SFE B
W S 3 R T AR COLHER 7, BUE R TPCC
et m i (8, AR L2 2. THE A AR 4 Tl B
B AT T RNk e O S4ME

®f e = T A i co Rk . Bt K
TG A TR LR SR SN SRR, B 3I4E(2009)
THE DA RIR SR kA T 6 B A 77 ), COHETL
FHCH 146, G RELE T T LR COHE &
(Yoo )HHEN:

Yeo, =P x 1.46 (3)
K PRHE AR 5,
2.1.2 i

SR AR BOG BRI TR ) 3 Fbe
Bt AT o BT EAAL, BRI =X (4) T H AR AR B
AR RS, AR |

C,=).L,=Y8xD, 4)
AP oM BRI s Lo BIFSY HARES i Fh o1

Fz2 MPEFITZiHiEP COHMEF
Tab.2 CO, emission coefficient in steel

manufacturing process

TR CO.HEL K F/(tCO/t4K)
Bl b (BOF) 1.46
LI (EAF) 0.08
F-4r1(OHF) 1.72

T A A PR R AIAT 63%4E BOF HiAE 7 | K24 33%7E EAF
R P FRIA I 4%TE OHF HiAE

S 5 S,k 55 i Fp = HUR 7 =R TR DN 3R
i iR 7 i s R 4L

R A 55 45 (2006) [ WF 5T, Bk ML I R B0
0.734 kg~ C/m?, F T8 b B 2 05k P SO BB, A SC
ISR M v i Y 2R B A I8 B, LA HE ik R Bk
0.042 kg C/m’, Wil 40 0.692 kg C/m’, R
I 7K = FE(2007) RO 5T, PRHLAR I ZR B0UE 5.77
kg C/m*, FHIHUE 0.021 kg C/m’,
2.2 FHEkiE S
2.2.1 WFGEHTEL

AFF 5 s B 1 3 6 6 0F 98 48 IR e s o6 i
B, 25 B M A AT AL 2 R R W BORRAE B s
FIRTAESE R R . 1, TR 4 A 2002 4F T AR 52
Jiti 1R B ARG B R, 2 2004 4F4x 1 ETT, A gk
$£ 2005 AEAE A B IR A0 A A T4 MR Ak AR
BB AR I 5 FoUk, H T 2008 4F H 5 1 4 Ji LT
IR 2R 5 A St Rl IR T R R A 1 Bkt ok
Ve VIR SE B Tl i SR, bR T A FH b (s
) 1) i FH b (B V) R e . 356 DAL R R 45
B 9 AT AR , AR ST 2005-2013 4EAE 5T
BF B I B B T — 7 AR A A R ] A
o TR BT 3 AR, AT LARCHE A S R HR A AR
R R 2R 3 T AR ST R ST R A R B )
S
2.2.2 Bk lE

AR SR F BRI AL FE A BRI 2% L B Tl
P R R A . e, AP RERIH AR
Hede 322k { P E AR RS HHAE %) (2005-2014 4F) |
T T S8 T1H4E % (2005-2014 4F) ] 1 4F 4£(2005-2014
) KR NP A ST Tl ™ i Y Rk
1] 1 40 34 55 (2005-2014 4F) K] /5 44 4% i 19
SRR . LR A 2Ok IR TR G R R
P W 5 5 22 B B 1% T 45 M L BE X 2005, 2009 F
2013 4 =4 6-10 H BUSAAR  seA88000 202k A o
%% [X_ %) Landset5 . Landset7 . Lansat8 i) TM . ETM
OLIZ AR By 414 2L 6 R ag ot Uik B (B~ 1k 4 15
FRAR), AP R S5 A5 B A R B 5 [FIR
TERAAG R A rh B IR DX 3B 4 b R FH BOIR
PRI T2 B e i3 M S PR FE Y B
2.2.3 Ak

AR FPREVEE . Tolb ™= S B A A
AT, ANTT BAE R Z2 04 B R 3, PR R S
BURIR AR AL EL S 8T
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Fig.1 Carbon emissions and composition in Henan Province in 2005 (a) and 2013 (b)
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Fig.2 Changes of total carbon emissions and per capita carbon emissions in Henan Province, 2005-2013
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Fig.3 Carbon emission patterns of Henan Province in 2005 (a) and 2013 (b)
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Fig.4 Per capita emission patterns of Henan Province in 2005 (a) and 2013 (b)
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FRIRALA KABIRES A OC . NBTR] LA, ARURTH #E
5 R AR HE I A 222 TR 3 AR | 1) L E AR AT
REALG 5 17K VR RN A 7 (R i HE A BT o LY
B BT KU SRR A e S A Tl AL B
FHOG, WAE—E R LU T Tl Ak KAk 25
R HE R B IR R 22—
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Fig.5 Land use/land cover of Henan Province in 2005 (a) and 2013 (b)
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Tab.3 Accuracy evaluation for maximum likelihood classification

B Pl il 5%l KE %
Ak 1104 176 40 1320 83.64
et 168 1520 8 1696 89.62
Fih 40 48 536 624 85.90
syl 1312 1744 584 3640 86.81

SMAAEE - 86.81%; Kappa=0.7862

TE R BT A ST
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Fig.6 Spatial distribution of carbon sinks in Henan Province in 2005 (a) and 2013 (b)
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Fig.7 Carbon sources, sinks, and surplus and deficit of cities in Henan Province in 2005 and 2013
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i b Hil oAt At
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Fig.8 Spatial distribution for carbon surplus and deficit of Henan Province in 2005 (a) and 2013 (b)
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Spatial and temporal changes of carbon sources and sinks in Henan Province
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Abstract: Carbon sources and sinks are key factors for low-carbon development. Carbon surplus and deficit
caused by carbon sources and sinks is the basis for formulating low- carbon development strategy and policy.
Based on energy consumption data, output of key industrial products, and the IPCC standard of carbon
emissions, and using the results of other research, carbon sources from energy consumption and the productive
process of cement, steel, and synthetic ammonia are calculated for Henan Province. On the basis of remote
sensing image analysis, carbon sinks are divided into arable land, forest, and grassland. According to the carbon
emission coefficient and carbon absorption coefficient and the amount of carbon sources and sinks , the spatial
and temporal variation of carbon surplus and deficit are calculated and analyzed. Through the research, we
reached the following conclusion: (1) Carbon emissions and per capita carbon emission in Henan Province
showed a rising trend from 2005 to 2013, and the average annual growth rates were 11.22% and 10.72%,
respectively. The spatial variation was also clear. Per capita carbon emissions for the western, northern, and
central areas of Henan Province were relatively high, but were relatively low in the southern and southeastern
areas. (2) Energy consumption was the key carbon source in Henan Province. Carbon emissions from energy
consumption showed a gradually rising trend, but its share in total carbon emissions was decreasing. Cement and
steel productions were another important source of carbon emissions. The related carbon emissions and share in
total carbon emissions showed a gradually increasing trend. The emissions and share of ammonia production
were relatively low. (3) Carbon sinks in Henan Province are mainly composed of arable land and forest, and the
proportion of grassland is very low. Carbon sinks in Henan Province decreased from 6384.83 million tons to
6337.78 million tons from 2005 to 2013, with an average annual reduction rate of 5.88 million tons. This was
primarily due to nonagricultural construction that converted part of the arable land and forest land into built-up
areas. (4) Overall Henan Province was in a carbon deficit state. From 2005 to 2013, both the size of carbon
deficit and the number of areas with carbon deficit status were increasing. The southeastern and western regions
of Henan Province were in a carbon surplus or low deficit state, while other regions were in a carbon deficit
state. (5) To facilitate low-carbon development, improving energy structure, adjusting industrial structure, and
optimizing land use to reduce carbon sources and add carbon sinks should be promoted in Henan Province.

Key words: carbon source; carbon sink; carbon surplus and deficit; spatiotemporal change; Henan Province



