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118°10'40"E, MAAR 509 km?, % 11 AMH 335 MTE,
1 MEFE IR 1 ANTFRX, BT 49.7 A,
RENI 417 T3 N A B [ 2 ) v ok A =2t
M, 5 (HEHE 2009 ELHEL) , SBEPGHHE 2.5
J7 hm?, RAEYESERIERL 4.96 )7 hm?, %X HEAERIE
BN, FEAR LSRR RN SR BRI 3, /D
FREMIA 2.3 77 hm?, FKIEFIAN 2.4 77 hm?, FRE
BEE 403 7t BRER. M. KO RREmAE R, Y
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RT3 . B BRI A RO LB AL, N
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AN AN S R R AL R
Wi DXALARRUE A s A AL A B R, X
BB BT, AT ARG, BAE. AOERIR, X
SRR 75 B WAk 2.

T H AR G B AT & - TR A R K e AR %
S, BEVETROURGAE . DL AR AR AREE, R S Ak
VEWHER DL B NLO HEIG da IR /N L FOoKERAE &
il N,O HEBCE AT TR, 45 RN, BIRET 4 1
FEAFHHE RN T S0 B (45 AL FEAE HEAE S 51 5 16 NLO B8k
Heislge, BRI LE 5 A S ) NoO HECE H B
I A] 251 2 A A8 A AR R s Il S 34 AT A e TR 0
SRRy 2 oAb 2 #5532 T DNDC RS A [ A
M AEF=EEL AR B NLO HEBORAT T RS IBRIT ST, JF
A5 T3 it 4 1220, [k, DNDC B a] 3E47 KX

A A3 NLO HEICR (il 5
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Table 2 Input parameters required by DNDC model for regional

modelling
Kt MASE
Database Input parameters
LGB FRAU TR H s [l B iR PR
Meteorological database g
e B AT AT I LR LIERS
Soil database . pHAH. HHERE
Irami LI A S TR SR
rop database
Jiti 4 A g S e e S
R At A A
IR R AR
rop irrigation database
TR AL SR E R e B R T AR KA AE REMAED R S
Planting and harvest database 3k H #
AL HbR P A P F BP0 0 AR SRR R AT H N K
Till depth database B
R SRR IR AL LA, TR HIER
Livestock database HE . Hui R
FEAFE B £t e

PR BT [ R T RE AT 3E 1 R

Residue retention database

2.3 [XFEIISHEREL

MR AIR, AUFOERE G E 114 9 8E N
AL, B TGl 7 DRSS B . P R R M B A
M el RS, CRIE TP EA %R RS
HAZ: HREIROREAE, AHUREE. St pH
. AKORHERTZ . IR S A, FEE IR
FEV SEEG T 3RAS . AEY B O RS Rl R AR
L MEITAR, %, FZERE T A 8 2009 401
L, BAREREEK. NEEL BRSE. MiE. TEE S BiE
Y EETR R RIE TG L 2009 fEGETHERE, 1A
e, FEAS R, MBS AR S Hol o kA s
AR PR AR 0 AL HbUR R .
FRE A, W R . VR0 BN R AR R St
JE 5 DA S ANEA: P REREHEAT T R

KA IZHEER T, G 8 11 A8 28 M
276 A A IS F B EAT TR EE. R 3 W LLAE
FE G BN EREE (4l i EAE 221.5~423.5 kg/hm?
2], PN 266.6 kg/hm?, £ KEET A 201.2~
348.9 kg/hm® 2 [7], P31 248.5 kg/hm®, /- T KEE1E
REENT- i T 515.1kg/hm?. /N -F KA RS
e ST~ 250 e P 443 10y 289.5 kg/hm® A1 145.7 kg/hm’.

WAL B, B MR =2 0 5271,
405.1 kg/hm®o KA 1 AR 48 H IR RLE SR ERE, 4H
& HONZ IR M AT 4 N180~240 kg/hm®, P,05120~
150 kg/hm®. K,O 0~75 kg/hm?, Tk MHER L& N
120~150 kg/hm*. P,0560 kg/hm*. K,0 0~75 kg/hm?®, A&
WFFCRFH DR AR e AR, IR AT 0 5 o SR I AR~ 2
Mo BRIAEHEL AL H A N 350 kg/hm®, P 145 kg/hm?,
K500 kg/hm® , 1€ 4 2% i JE & 4 N300 kg/hm® ,
P80 kg/hm?, K180 kg/hm**7, L5l -1 Fie 5 it A 4k 47 B A
b, 6 B apr it Sk FAr e R B, g
ARG
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Tab.3 Fertilizer application amount of corn-wheat system in Huantai county
kg-hm™

S /N3 Wheat T K Corn

Town N P K N P K
ZHH Suozhen 237.0 137.7 70.8 242.7 118.0 69.6
#2 A Qifeng 423.5 168.2 67.2 348.9 92.5 90.8
% Xingjia 230.5 168.9 67.1 255.0 143.6 89.9
[HFE Tianzhuang 265.5 155.7 72.6 2241 127.4 90.5
I Jingjia 245.3 165.6 56.9 201.2 91.9 70.1
M Magiao 300.8 182.3 60.5 204.3 100.8 80.6
Y1 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
JE1%% Zhoujia 242.0 177.3 70.5 267.8 150.8 943
111 Tangshan 221.5 172.0 84.4 243.5 141.7 86.4
RH Guoli 246.9 143.4 73.8 252.8 122.9 72.5
V45 Average 266.6 169.0 65.7 248.5 120.5 80.0

2.4 REREFEFERE Hili. W 4 WTLUR Y, PANREA R 1t KRR

PR G B AL AT 45 SRR, H A4 R 2 Bk
W PR R B A AL A, A9 32 B X 11 2Rk
ARG MR A PR PR 38 2 IR U A 7= R e

SFRIREFEN 895 kg AnvEME, HEi% 2 231.2 kg CO, o A/~
R ENNAE CO, Rk, Horh, CO, Sk A& REId R
IR, K AN T

T4 HEFE 1t RREHEEE

Table 4 Energy consumption of urea production per ton

iy N . LR REFE i
IS A ke i A CEAE K PR o mce
Corporation aw coa Electricity/kW-h Steam/t COy/m’ Water/t owenergy 2equivalentweight
kg(LA ce 1) consumption/kg(LL ce 1) /kg
AR T
Shandong Lianmeng Chemical 696 72 12 800 10 816 20343
WABIE IR
Hebei Cangzhou Dahua 660 1005 1.2 800 10 974 2428.2
I Average 678 988.5 1.2 800 10 895 2231.2
TE: B TR R AR, ) CHED 1R 01229 kg kW h GH B R BEATH . AT B R 50% 0.7143 kekg” (LUARAERE

WAL 1 kg RUEREDRAE 2.493 kg CO,o ce RIRFRAEE o
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 kgkg™. CO, reduction was 2.493 kg for 1 kg standard coal. ce means standard coal.

T JES P A P R BB AT 5 2R B2 % 0 ) RK S R T 5
B, P71t P05 T EIHFE 8 390 MT, FTabsviEli 0.29 t,
A THER 0.72 t COy: A7 1t KO THEEWHE 4 220 MY,
PrehavBEE 0.14 ¢, A4S THER 0.36 t CO,.
3 HRE5H
3.1 FELZEHTRESEFHM

& 5 A, JEEL AT, & COxre HEK
o8 812.2t, HiRmMHK 27911.6t, [ 28.3%, A4
FHEHERL 63 835.0t, 7 64.6%, BEAEE L 5 544.9 ¢,
i 5.6%, BIARAE AR 15207 t, 5 1.5%. A LAEH,
FMEA 2 FA T H SRS v 2 1) 2 BEHE R . W% S8
HiscR G, R, EREE. . 5 s s
BT 10000t BRAEE. B, LA, R EEHRGE
fE 6500~10000 t 2 [f], JWZE. e, FXKEHR
AT 4 500~6 500 t Z 0], % 28 HEHE 200 F 2%
EH B b T A R it U 1) 2 S 3 P o MR PR HE B0
H, PALHHH TR HT NLO HERCER N 2.36 kg/hm?, /]N%-

TKEAE RGO A EAR T NLO (0 EZHE R, Ak
SR 23 7249t HHFBUR Y 85%, Bk UK,
HEUR 34 2590.2 ¢, HHEBUR T 9.3%, Hife. fEE.
KEHEGE N 1596.5 to
3.2 MB%Z&HTRESEHM

& 6 mT5, WHEZ&M T, SHSE COxe HEBUL
72 326.4 t, HAPRHHGK 18 561.5t, 7 25.7%; FJEE
FEHE 48 389.1 t, Y 66.9%; WEALAE A HEL 3 745.0t, v
5.2%, FIEAEFAHER 1 631.0 t, 5 2.3%. WTLLEH, A
JIES A P AR R T T 2R 1 BRI SR
HomE A, RE. HFRERHUSEBL T 10000t #
SV TR B S BRI HE TSGR LE 6 000~10 000 t
Z A, WEEL. SAEL BREEL. FXKE. g
HAE 3 000~6 000 t (7)o AR HHEBI A, INEZ-FoK
BAERGHIURE R 16 111.4 t, HHHURET 86.8%,
FEHR R 1 2807 t, HHEBURE 6.9%, HfEEIL
feAEFECE R 1 169.4t, Y 6.3%.
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Table 5 Greenhouse gas emission for base line

t
S gE| g3 LA IES M FIEN Lyt B HI LN il RH “it
Items Suozhen Qifeng Xingjia  Tianzhuang  Jingjia Maqiao Chenzhuang Xincheng Zhoujia Tangshan Guoli Total
A
. RJE . 8011.6 8028.0 3681.2 6911.4 78323 30143 5206.1 5499.8 44660 45987 65856 63835.0
Nitrogen fertilizer
WAL . 637.3 501.0 349.7 603.6 736.1 260.3 467.9 545.1 439.1 466.9 537.9 55449
Phosphorus fertilizer
.WHE L 180.8 166.0 90.5 178.6 214.5 68.6 69.9 147.8 119.2 130.4 154.5 1520.7
Potassium fertilizer
A< [ Farmland 6962.8 3790.7 1211.5 23614 30699 1266.1 2096.1 20429 14148 1503.1 21922 27911.6
&1t Total 157924  12485.7 53329 100549 118529 4609.3 7 840.0 82356 64392 6699.1 94702 98812.2
#o6 MBALRHTRESEHK
Table 6 GHG emissions under project scenario
t
HH 4 R B M EE FE i 7323 Bk JH 5 il R it
Items Suozhen  Qifeng  Xingjia Tianzhuang Jingjia ~ Magqgiao Chenzhuang Xincheng Zhoujia  Tangshan Guoli Total
A
. RJE . 64728 42499 29204 5468.5 64920 23084 37593 4419.6 33398 38584 5100.1 48389.1
Nitrogen fertilizer
WAL L 507.6 319.7 2242 428.4 485.0 180.1 294.0 343.9 258.4 305.6 3982 37450
Phosphorus fertilizer
.@FHE L 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 15599 969.3 1861.2 28503 906.6 1381.0 12014 820.0 1329.7 1913.8 18561.5
41t Total 10943.8 63054 42023 79275 10084.9 34702 5555.6 6116.7 45332 5612.1 75748 723264

3.3 MERHEITE

B AR B ON,O sk HE ok RO & 7 ik,
ER=BE,~PE,~LE,, WWHHHEEERH N,O Mk
h 264858 t (£ 7) o HrA A A 9350.1 ¢, 5 35.3%,
FLrb /N - FORERAE FR U b7 A T IRCHE S Y 81.4%, i
SKIRHE T 14%, Kide K 0EHE S 4.6%; ZUIE A=k
15445.9t, 7 58.3%; WEALAEF=HE 1799.9t, & 6.8%:;

PRAEEE InHEC 110.1 ¢, (5-0.4%. 7 ZHE, REH. &
SV R PHE B2 ik B 484 8.6 t A1 6 180.3 t, X T HJE
T IX AN 2 B A & s FERR . R
BRI B, M. REENEREEETE 1700 t~
2300t 2 0A); JBSE. SAFEL LT o I,
FE 1700t LAF, 352 DR M X B R AR /N ROt

D

x7 HEEEREAMNLETSRERE GHG BHBB%RESE

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 JlIE M FIE Lyt R Bk L i RE A
Items Suozhen Qifeng Xingjia  Tianzhuang  Jingjia  Magqgiao Chenzhuang Xincheng Zhoujia Tangshan Guoli Total
A
. RJE . 1538.8 3778.1 760.8 1442.9 13403 705.9 1446.8 1 080.2 11262  740.3 14855 154459
Nitrogen fertilizer
AL . 129.7 181.4 125.5 175.1 251.2 80.2 173.9 201.2 180.7 161.3 139.7  1799.9
Phosphorus fertilizer
.@FHE L -14.3 -10.0 2.1 9.1 -43.1 -6.5 -51.4 -4.0 42 12.0 -8.2 -110.1
Potassium fertilizer
A< [l Farmland 31945 2230.8 2422 500.2 219.6 359.5 715.1 841.5 594.8 1734 2784  9350.1
&1t Total 4 848.6 6180.3 1130.6 21274 1768.0 1139.1 22844 2118.9 1906.0 1087.0 18954 264858

f G B2z - KR E RGN AL AL GHG 9k
WAS 5 1 H P43k CO-e 26 485.8 t, 10a JLitididE
26.5 )7 t, fFE/hAL CDM WH MER . $ il [E 5528 S
W AATI 2016 4 3 HEEYITKAS 2 CCER (china certified
emission reduction) A Z % (48.57 Jo/t) , W SEHUIRAD
S0 H SN 1286.4 J1 G, FEIN 128.6 J1 TG,

4 BR5ITE

AHFFTLL DNDC #5812 32 T H AR H 7 e 77 e
Al %= A 4A (green house gas, GHG) JalcHEFITRAS 5 J7 %
2%, GRS R T AR, A BRRACR AR, R

DA NoO SRR AL NE A FERE . WP Y kv
2ot id 2% 3a PR ALt T HEA D0 T AR HHNLO HER R AL IE
PP RERE, I 2 Fa 9t - Re 7 LTS B8 F A& B N,O
RS AR A = I RERERE, JEIIRG AL JEHEL. i
Hek. Mte. MIMAEH BRI, S8l TS DNDC
PRSI RO, A% 5 I AT IR A T P A
WEIEH] T [H B CDM #5432 55 i b, a1 T 1E A 8 S
WAL G sy, ASHIEGU A AR 50 77 76 JIE LA SRS E T
WAL 5 7 i I AL R I T 05288, &Sl
A H AR R A 7 1T T A

DR & H O], g B R GHG sk
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2016 4F

CDM B 51 5 I3 35, W WA oy I i 2.7 T3 t,
BUILAEP=J8E & A, X3 58.3%, HLUGRAR A, 1k
2097t 1t 35.3%, AN TOREAE R GURHE S AR
FEHE BV ) 81.4%. 4418 2016 4F 3 H IRERMITRAE 5 1)
Ha ks, TH AT SEBLRAT S N 1286.4 J1Tt. IXiIE
WY T DAL A B0 St il - S 75 Tt NE GHG WFiRAL 53 2
FIAT S UM P A SO 2 7 DRl o AR R BBl (19 B R
TR (R S0 T AR Ml S AR, AR A AR
AN ARAERE, A N R AT 3 2 3

KB TOEAAE— BN R Z AL, e AE % e e A
FeRE, WAH IS . A TSEILRERERE, %2
B R G — 1 T S AT U A, AR S
B 5 5 B DR~y O], RS B AR, T AR A St o i
24 1R Tt N8 1 A AT =4 AR AP Tl T i, A 1
B AR IS0 T, TR 4
JrEAE o> X AV BRI . AT WS BRI X
N AEY), ARSI e 77 AR AS 5 1 H (T AT
P, IRATT AR AR o 2P T R
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from upland soils in Guizhou and its environmental controlling

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
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