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e NLO HESCUR R 74.0%M, WFsTRW], HATHE
PEAEFI % H A 50%~60%02, B it A (1 2 BE i /F
Woe W, A RAEYE KRB Ik S EUE 2
KK, NO R B th 23 HT N B (K. GAINS
(greenhouse gas and air pollution interaction synergies) #i
RAGTE, T D B T T LD 6% ) A% 14
N,O HERCEM, R aet il o A B, o AT %
1% 30% 14 Uit RS, ook N 23t Bt A e o [
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Table 1 Emission sources and gases included within project

boundary
s den ok MR RMEE
Scenario  Source  Gas Excluded Justification/Explanation
N20 A F BB
RIHEB  CHy Bl FEMELR AN H HEBOE AR
FAEL Co, Bl FEMELR AN H HEBOE AR
Baseline N0 HERR AHeIK
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N20 A TR
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1.3.2 FHAIRELF T FHRKE N0 HKE

AT T X A L GHG i GIS (geography
information system) ¥/, W%, L. /EY.
B, FEFFE 255, 121 DNDC AR 3 H i AT 4%
P S H NL,O 1HE . DNDC A28 — M DL 3 1
BN BTN S EIE IR, A NO IR
DJES,  BASFIEAE R 50 H A€ NO 19FF= (BE ) -

BEy,I:ZNZOdO (3)
d=1

A BEy A FUMENEES y AR H N,O HiSE, t; N,Oy
T AR d 43 X AR B NLO HERCE, t.
1.3.3 wHEEFILTIEL =6 CO, HKE

PORE IR A 7= T B AR e . RARA . A LA
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s FED
FNg. FPg. FKgiFH AR
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&, t(BL COy &, TFH):;

FNg FPyv FKq T 755 HHEL AR .
1.4.3 FEEHTHRTAREHXE
PE,=PE, x298+PE, - €))

Kb PE, AT H 454 M A y 4F GHG HEilUE &, t (LA CO,
it FED .
1.5 ittt 2=

NELEANAH 2 /Y, FFEHATIS . fdfr. i,
TEIEAEL NI H HE AL b, YRS Bk LA,
G EE T RE, B R RE T, s T A
SRR HURRRE, (FAHSCM BRI REREAR B, X
AIRESE I T M s W I BT BOR . & E Ak
—ANIH RS R, M H AL ER s R, an o
H DX (1) s i A3 o 7 LA b X AT &, DA A A7 A i
FR i) FEU R, TR ER 1) S5 R T RECh IE R AT
et . HET, T ERAG BR AR L AR AR 7 DX ik A7 A
ok Bt A ) A, T XA A gk 2D AN 2 5 i At A A it
X AR, PR, 208 THIEEH . i
e FtE AR T ke RE, AN T I H M, fF AR
PSSR eSS
1.6 M

1) S H AR S E B I 5, 75 EE I
BEAFELUT LA OMBEDIR S @A
[ VEYDHEAE S Rl A ACRLH 2 CRUBEED 3 AR AR
YA /N T

2) BENLE S50 H AR R T A S
JiAET BRI, 2T H SR AL . BTy
JIE it ol it FH 70 53 T Ao

3D LEA it HERIHE A A ) PR AN DGR IS J0, T0UH 28
= A LN RS L 5K, SEH R A R %
R H ARSIy Lo SR St 7y e A AR

4) NI AR B RORS PSRN H (AR 1 77 X
LI -1 P 77 it I 5 4 e it A A R 75 =0 F 5 A% NL,O
TIHERBORAE, 30 UE AR IE R,

ORI BT KR 1~2 W LRy X, AT HL 7Y
EPIE) NLO ARG, FERIEDIRE 3 MbEE CH Rt
A AL AR S XD, 3 IRE R

@Hefli LFERAE . R s H 5 VRl 1
£ (0~20 cm) , WHKFEbRA HIEAHUR S = N P,
4B K, HBK. pH . LIES/KE . 2E K.

@M. HEMICEHAE . FERE. BRSNS
&
@G /NS R, REER R R
I 5 & R 7 /8

O KK,



faliig

12 W)

R A S PR M R AR R AT S A 215

KEEIN A AR/ R RKIRAE A, RN
F9—11 FURFE, WSO ESLERE R, Wl gk
TR, BRI, BeKIELERA 5d, oA 3d
KAE LU ARERA T 1L K.

FRT, DU A L 3 U 0 E 2EONE RS Aa
WAL WK . HEBIRA . BOREE I,
FSHI I O S AT AT T 1

5) IR H (9 R A SR 2 HE ok 2 100 H HE s A
T

ER,=BE-PE,—LE, - (10)
£ ERy 558 Y 4RI H i, t (LA COp il R
BE JRIEMELHEBUE, t (LL CO, Mk, FIHD 5 PE, 4R
I H ZeHeiics, t (BLCO, i, FHD : LE 4R Y 4
TH MRS, t (BLCOy M=, FRHD .

2 EEENLTEFEEKRR ZNEERS SR

2.1 mMBHENE

i & SLA7 T 36°51'50” ~37°06'00"N, 117°50'00” ~
118°10'40"E, M HAH 509 km?, % 11 ANt 335 MTEA,
1AM 1L ATFRIX, BN 497 TN, Hr
RENI 417 T3 N A B o 2 ) v kR A = 5
M, #5 (HEEH 2009 ELHEEY , SEBAHHE 25
Ji hm?, RAEEAERE R 4.96 J7 hm?, %X BEE IS
BN, FEAR LSRR RN KRB RO 3, /D
FARFMRL 2.3 J7 hm?, FRIERIER 2.4 J7 hm?, R
BEE 403 U7t BREE. M. KO R ImAE R, Y
BRI 4.7%. KIALOK, k&I i) S fe & B
T A7 e, % B P E DR G N A oK T R R
AR L AR A 77 X, e SE it ) 1 5 7 it e 22 oy 1) B2
AEUH 5
2.2 DNDC 1A 5 &%l

AHFFCFI ] DNDC AR BB 5 EL 4 Fc 75 it AE s
A5 I H HEHEL RN I H 2645 F T N.O HEIK, BRIz AT
PR g DX A RO AR (B, RS IEA TSR . DNDC
RT3 . B BRI A RO LB AL,
BN 2, RS R A S B vk 182,
PRI T AN S L R AL R
Wi DALARE A s AL A B R, X
W2 /T, L IRHEAT ARG, KUE. ASIERIR, X
BT 75 B WAk 2.

TiH A & B 22 - B R G K e Al 56
S, WU TR A ARk AR A AR EE, S I A A
VEWHEAR DL B NLO HEIG da IR Nz L FOoKERAE &
il NoO HECE AT TACRL, 45 RN, BB 4 1
FEAHHHE RN T S B (45 AL FEAE AR S 51 K 1 NLO 8K
Heislge, RBIRUBTLLE 5 F A S ) NLO HECE H B
INFA] S 2745 Bl AR A AR R R HE RO Y B A &
S22 R Py A % Hofh 5 32 i) DNDC BT 6o v [ A
MPAEF=EEL R B NLO HEBORAT T RS BRI ST, JF
BUAS T Behf i 45 1220, (A tk, DNDC R ] 4T KX

SRAY A3 NLO HEICR (it 5.

2 DNDC RE X LEITHRIERASH
Table 2 Input parameters required by DNDC model for regional

modelling

Kt MASE

Database Input parameters
TEHHR PRSI AT e UL IR PR
Meteorological database g
TR AR IC I E DR REAT R HER
Soil database B, pH . LR E
'f/l:#%ﬂﬁﬁ?— G o B : = i
Crop database AT I A SR R R R TEIAN
T N H 3 ) b A -
Fertilization database LR EA R AL B
B e R —
Crop irrigation database R ICH A
TR AR B B, 200 AR AR R AR GRS
Planting and harvest database 3k H #
AR B R F BP0 0 AR SRR R AT H N K
Till depth database B
AR SRR IR AL LA, TR HIER
Livestock database M. R
FEFFIE A e

PR BT [ R T RE AT 3E 1 R

Residue retention database

2.3 XIS HEREL

MR AIR, AUFOERGE G B 114> S 8E N I
AL . TC 7 DRI A . i R R R B A B
W e A RS, CRE TP EAR SR RE S
BA%0 B aRBAE, GRS E. Fth. pH
i AROFRERI e BV G =%, R MR
FEV SEEG = T 3RAS: AEY B ORI Rl R AR
Ao MREIAR e w%, FZERE TG S 2009 401
N, BARUEREOK. AN B, Mide. qeE 5 RiE
Y EE SRR RIE T AE & B 2009 fEGETHEYE, A
e, A AS R OB AR S AR O S Hol o R s
AR A PR AL ARt H ) AR .
FREHAE, Wl k. 1EFX K- N ERAIE RS
B DA S AN A P REREREAT T TR R

KA R 5, S B 11 A28 28 AN
276 SR A P EEEAT T EE. MR 3 T LLE H,
f G B/NEREIE (Prél) i EAE 221.5~423.5 kg/lhm?
2], ¥ 266.6 kg/hm?, KA R A 201.2~
348.9 kg/hm? 2 [6], ~F-¥1Jy 248.5 kglhm?, /N2 KA1
ARG EEEE i B4 515.1kg/hm?. /N -ToKEAE R ST
ke A IS 2 e P 23 3k 289.5 kg/hm? 1 145.7 kg/hm?.,

WAL B, BRsE . MR RUIL I =2 527.1.
405.1 kg/hm?, HR4E 1 A48 T IR RLE SR kL, 4H
& H/N I HERE A 4 N180~240 kg/hm?. P,05120~
150 kg/hm?. K,O 0~75 kg/hm?, EKHEFICE A N
120~150 kg/hm?. P,0560 kg/hm?. K,0 0~75 kg/hm?, 7
WF R FH DR AR e KA, IR AT 0 5 o S SR I AR~ 2
Mo BEHEA NS A N 350 kg/hm?, P 145 kg/hm?,
K500 kg/hm® , 1€ #E 4 Jiti A &= N300 kg/hm? ,
P80 kg/hm?, K180 kg/hm?2™, 1531 -+ e 7 it AU 41 72 A
b, G B Spr il Ak b AE e R B, A
AAEME .
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Tab.3 Fertilizer application amount of corn-wheat system in Huantai county
kg-hm

S /NFE Wheat F2K Corn

Town N p K N P K
KAH Suozhen 237.0 137.7 70.8 242.7 118.0 69.6
iR, Qifeng 4235 168.2 67.2 348.9 925 90.8
JHZ Xingjia 2305 168.9 67.1 255.0 143.6 89.9
Hi £ Tianzhuang 265.5 155.7 72.6 224.1 127.4 90.5
35 Jingjia 245.3 165.6 56.9 201.2 91.9 70.1
i} Magiao 300.8 182.3 60.5 204.3 100.8 80.6
YT Chenzhuang 293.5 2222 33.1 243.6 95.6 46.8
Wik Xincheng 225.9 165.5 65.8 249.9 140.8 88.1
JH1Z% Zhoujia 2420 177.3 70.5 267.8 150.8 94.3
1l Tangshan 2215 172.0 84.4 2435 141.7 86.4
HH Guoli 246.9 143.4 73.8 252.8 122.9 725
P-4 Average 266.6 169.0 65.7 248.5 120.5 80.0

2.4 PERIEFFERE

YR G LR a2 R B, Harda N 2 Eck
PR Z B A . PRk, ASHIFST 32 B Gk 0 1 A
A T RT3 N KA 1R PR 28 A2 P = W AT SR RUIE A = FE

Hlls. WGR 4 aTLUEH, PINREA AR 1t JRE
SPRIGREFED 895 kg ArdlMyE, Fi% 2 231.2 kg CO, o 47~
AR FTEINAE CO, K, o, CO, kA& RIS
AR, K AN T

R4 EFLRERE
Table 4 Energy consumption of urea production per ton

A U . . LREHERE 5 CO,
AS i %Y A
Cﬁr?ofgjlon Raw coa\l/ EIectricEi%y/kW-h S?éé{ri/t C%(;Ljrcnﬁ? W;{far/t Total energy N COsequivalentweight
kg(LA ce if) consumption/kg(LA ce 1) kg
2RI 1
Shandong Lianmeng Chemical 6% or2 800 10 816 20343
WAL M KAL
Hebei Cangzhou Dahua 660 1005 800 10 974 2428.2
{1 Average 678 988.5 800 10 895 2231.2
e VB THOR R R AR, A CHED 18 0.1229 kg kWhh T3 &) BEATHE. 3T R $3% 0.7143 kgkg™ CLURRAERET)

. 1 kg FRUEXEEHE 2.493 kg CO,. ce FaRbriil.

Note: Lianmeng chemical data was calculated according to the investigation. Electricity was calculated using 0.1229 kg standard coal per kWh (thermal power). Energy
factor of raw coal was 0.7143 kg-kg™. CO; reduction was 2.493 kg for 1 kg standard coal. ce means standard coal.

A AL 10 2 P RE BE 3T A R B2 % 00 )T KPR T 9k
B, PR 1 PO T BV KE 8 390 MU, HT & baitklt 0.29t,
A THER 0.72 COp; A7 1t K0 THEEWHE 4 220 MJ,
PrehavEt 0.14 t, A4 THEIK 0.36 t CO,.
3 HRE5H
3.1 FELZEHTRESHHM

& 5 A, JEEL AT, &l CO-e HEK
3£ 98812.2t, A AR 27 9116 t, /7 28.3%, A=
ZUIEHEK 63 835.0t, (5 64.6%, L HE 5544.9t,
17 5.6%, BPAEAE AR 1520.7 t, 5 1.5%. A LAEH,
FNEA = FA O R v 2 1) 2 BEHE R . W% S8
HiscRE, R, EREE. M. B R EE
710000t MRAEE. B, BB, RIVEHEEGE
7t 6500~10000t 2 [f], JMZE. Hire. FXEHK
HHAIE 4500~6 500t Z[H], % 28 MHE =0 F 2%
FH R b TR AR R it I 1) 2 S 3 P o MR PR HEBORA
H> PALHHHL TR BT NLO HECE h 2.36 kg/hm?, /-

TKEAF RS A G E AR H N,O (1 E R, Hkik
SEY 237249 t, (HHFRUR Y 85%, ik L B,
HEBUR R 2590.2 t, SRR & 9.3%, Ml b,
KEHIHEN 15965 to
3.2 WMB%Z&&HTRESEHM

M2 6 nI5n, WiHE&M N, SHSE COme HEBUL
72 326.4 t, LRk HFEIK 18 561.5 t, 7 25.7%; &I
FHE 48 389.1t, (Y 66.9%; WAL AR 3745.0t, v
5.2%, FRAEAEFAHE 1 631.0 t, f 2.3%. AfLAEH, %A
RO A 77 A R 2 0 2 i B . W 24
HogE A, RE. FRERHUS B T 10000t, #
JABEL S HH PR T e S HLBE )RR 7E 6 000~10 000 t
Z A, WA, SAEL BREET. FXKE. R
/£ 3000~6 000t A WARHABM A, PNaz-TK
BAERGHRURE N 16 111.4 t, (HHEEURF 1) 86.8%,
BEHEROR N 1 280.7 t, A HEUR B 6.9%, FEAESE L
fVE P HECE N 1169.4 t, 7 6.3%.
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F=5 HELERESEHR
Table 5 Greenhouse gas emission for base line

S gE| R LA IES H ES E B HI JHZ i S it
Items Suozhen Qifeng Xingjia  Tianzhuang  Jingjia Magiao Chenzhuang Xincheng Zhoujia Tangshan Guoli Total
. AU - 8011.6 8028.0 3681.2 69114 78323 30143 5206.1 5499.8 4466.0 4598.7 65856 63835.0
Nitrogen fertilizer
AL - 637.3 501.0 349.7 603.6 736.1 260.3 467.9 545.1 439.1 466.9 5379 55449
Phosphorus fertilizer
.%HE . 180.8 166.0 90.5 178.6 2145 68.6 69.9 147.8 119.2 130.4 1545  1520.7
Potassium fertilizer
A [ Farmland 6962.8 3790.7 12115 23614 3069.9 1266.1 2096.1 20429 14148 15031 21922 279116
&1t Total 157924  12485.7 53329 100549 118529 4609.3 7840.0 82356 64392 6699.1 94702 988122

#6 MBALXRHTRESEHR

Table 6 GHG emissions under project scenario

gE| R A W M EE FE i 7323 Bk JH 5K Rl B it
Items Suozhen  Qifeng  Xingjia Tianzhuang  Jingjia ~ Magiao Chenzhuang Xincheng Zhoujia  Tangshan Guoli Total
. AU - 64728 42499 29204 5468.5 64920 2308.4 3759.3 44196 33398 38584 5100.1 48389.1
Nitrogen fertilizer
AL - 507.6 319.7 2242 428.4 485.0 180.1 294.0 343.9 258.4 305.6 3982 3745.0
Phosphorus fertilizer
.@PHE - 195.1 176.0 88.4 169.4 257.7 75.1 121.4 151.8 115.0 118.4 162.7  1631.0
Potassium fertilizer
A H Farmland 37683  1559.9 969.3 1861.2 2850.3  906.6 1381.0 1201.4 820.0 1329.7 19138 185615
it Total 10943.8 63054 42023 79275 10084.9 3470.2 5555.6 6116.7 4533.2 5612.1 75748 723264

3.3 MERHEITE

B AR B ON,O Wk HE ) k515 7 ik,
ER,=BE,~PE,~LE,, il HiHa ERH N,O My S &
b 264858t (£ 7) o Hrfe i 9350.1t, f 35.3%,
FLrp /N2 - FORERAE FR U b7 A IsCHE 2 1Y 81.4%, i
SIRAE T 14%, Fide . K 0EHE 4.6%; ZUE Ak
15445.9t, (5 58.3%; A4 ~kHE 1799.9t, /7 6.8%;

ARAESE INFER 1101 t, (5-0.4%. 7 ZHIE, RH. &
RUEE Rl 20 )ik 5] 484 8.6 t A1 6 180.3 t, X T
X AN 2 b A S I s B IR
BRAEBL. B, s, RIBIRHER7E 1 700 t~
2300t 20f); JMZE. B, (A g BRI,
E 1700t LAF, FZR Y ZHL X B RIAUN . B

HIERD

*7 EAEEKANLTEAREE GHG BHIME®EZE
Table 7 N,O mitigation from wheat-corn rotation system under soil testing and fertilizer recommendation project in Huantai county

t
S gE| K LA IES M FlIE Lyt R H JIZ R RE A
Items Suozhen Qifeng Xingjia  Tianzhuang  Jingjia Magiao Chenzhuang  Xincheng Zhoujia Tangshan Guoli Total
. AU - 1538.8 3778.1 760.8 14429 1340.3  705.9 1446.8 1080.2 1126.2 7403 14855 154459
Nitrogen fertilizer
AL - 129.7 1814 125.5 175.1 251.2 80.2 173.9 201.2 180.7 161.3 139.7  1799.9
Phosphorus fertilizer
.@FHE - -14.3 -10.0 21 9.1 -43.1 -6.5 -51.4 -4.0 4.2 12.0 -8.2 -110.1
Potassium fertilizer
A< 11 Farmland 31945 22308 2422 500.2 219.6 359.5 715.1 8415 594.8 1734 2784 93501
&1t Total 4.848.6 6180.3 1130.6 21274 1768.0 1139.1 22844 21189 1906.0 1087.0 18954 26485.8

fE & ELSEiZz- RACE RGN LR 7 e GHG ikl
WA 5 30 H P 4E s HE CO,-e 26 485.8 t, 10a JLityaiHE
26.5 Ji t, fFE/hE CDM i H EEsK . 42 B [ A 5
WA 2016 4F 3 HEIEKAS 2y CCER (china certified
emission reduction) X% (48.57 Jo/t) , A SEILRRAS
Sy H BN 1286.4 J5 76, RN 128.6 JT TG,

4 BR5ITE

AHWFFTLL DNDC #7325 T HAR H 730 - g 7 e
JIEL 34K (green house gas, GHG) JRFEIITRAT 5 J7 v
S, TSI BT AR, SRR A, R

DA NoO AR HEBU A A= P~ FERE . WA H L
2R Tk 2 3a TR A FH A 45 T AR FHNLO RS Ak e
AR FERERE, T 4 A2 F St 1 PC 7 i A R AR HNLO
e B AR AR P i R RE, FEEAA T L5, HEifkLk. Tl
Hzk, it WISEAHSCHOR KORE, S TS5 DNDC
MERL AT 3O 2, i AT . RO T A5 A
NEIE FH T [ b CDM 8538 5 737, 3@ T B W B RSk
WRAZ )3y, ASHIEE A A b 1= e 75 it B DA e s v Jita A
WRAS 5y I3 124 W B B LBt T 54, N &Sl
AR R = S ARIRHE AT S T T i

PUE & B, d s Bl R R GHG
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2016 4F

CDM 5 51 5 5 35, WS I A iy IS i 2.7 0 t,
BP9k & A4, 153 58.3%, JLUGRAR HEAE, 1k
2097t 1t 35.3%, AN TOKERAE RGURAHE S AR
FEkHE L ) 81.4% . 441 2016 4F 3 H IRER IR AL 5 1)
wia s, T H AT SEELRAT S N 1286.4 JiTt. IXiIE
WY T DA EL A B0 St i - S 75 Tt NE GHG iF ik Ag o) 2
FIAT R, U R RO 2 7 IR AR R IR 1 B A
AL ST T AR Ml S AR, AR B A AR
AN ARARERE, B IAR S N AT FLE R

KW FEAFAE BN Z AL, e e Ie A
FeRE, WATH I, A HSEILRERERE, %2
BN R G — 1O T IS ATV, RS
15 52 o (0 Ry R, AESIE R EARAN T s o o k1
24 1A Tt N 8 A T = AR BRI T i, AT 1
TR A, ARG, DIESOy oo, JT R RS
JrAE oy X AHGVE BRI . LA WS, BRI X
NN, RS I e 75 AR AS 5 10 H AT AT
PEs IRATT AR FEHFE AR SR 2 D M A
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Quantitative analysis of carbon trade of upland greenhouse gas emission
reduction from precise fertilization

Gao Chunyu, Gao Maofang™
(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Carbon trading is the market mechanism to reduce global greenhouse gas (GHG) emissions. Soil testing and
formulated fertilization play an important role in reducing the fertilizer application and GHG emissions in intensive
agricultural production area of China. In this paper, the methodology of upland GHG emission reduction in soil testing and
formulated fertilization was proposed according to the basic process of carbon trade methodology. Huantai County, Shandong
Province was chosen for the case study of tradable carbon calculation. The main conclusions were as follows: 1) Boundary of
the project included the geolocation of upland crops and the production process of chemical fertilizers. Baseline of the project
was CO, emission in chemical fertilizer production and N,O emission in upland crop planting without soil testing and
formulated fertilization, while the project activities were GHG emissions in above processes under soil testing and formulated
fertilization. 2) In Huantai County, too much nitrogen and phosphorus fertilizer were added to the cropland, while potassium
fertilizer was suitable. The average application amounts of nitrogen, phosphorus and potassium in wheat-corn rotation system
were 515.1, 289.5 and 145.7 kg/hm?, respectively. The investigation of nitrogen fertilizer production enterprises showed that
the average CO, emission for the production of 1 t urea was 2.23 t (CO, equivalent, the same as below). 3) The tradable carbon
from soil testing and formulated fertilization was 26 485.8 t, and the farmland emission reduction, nitrogen fertilizer
production reduction and phosphatic fertilizer production reduction accounted for 35.3%, 58.3% and 6.8%, respectively.
Potassium production increased by 110 t emission, accounting for -0.4%. The situation was different in every town of the
county because of the different crop area and fertilization. GHG reduction for Suozhen Town and Qifeng Town was 4848.6
and 6 180.3 t, respectively. The main reason was that too much fertilizer was used in these 2 towns. GHG reduction in
Tianzhuang, Jingjia, Chenzhuang, Xincheng, Zhoujia and Guoli was between 1 700 and 2 300 t. GHG reduction in Xingjia,
Magiao and Tangshan was lower than 1 700 t, mainly because less fertilizer was used in these towns. 4) According to the
carbon price of Shenzhen carbon trading market in March 2016, the emission reduction projects of soil testing and formulated
fertilization in Huantai County could reach 12.86 million yuan, with 1.286 million yuan every year, which met the project
requirement of small carbon trade. 5) The carbon trading methodology system that adopted the Denitrification and
Decomposition (DNDC) model as the main measurement tool could achieve the carbon emission reduction calculation. The
study has great significance to the implementation of GHG carbon emission reduction project from soil testing and formulated
fertilization.

Keywords: models; fertilizers; greenhouse gases; soil testing and formulated fertilization; carbon trade methodology; DNDC
model



