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Estimation of N,O Emission from Anhui Croplands by Using a Regional

Nitrogen Cycling Model IAP-N

HAN Yun-fang'?, HAN Sheng-hui’* , YAN Ping'

(1. School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2. State Key Laboratory of
Atmospheric Boundary Layer Physics and Atmospheric Chemistry, Institute of Atmospheric Physics, Chinese Academy of Sciences,
Beijing 100029, China)

Abstract: N, O emissions from seven categories of Anhui croplands in 2011 were estimated by using a regional nitrogen cycling model
IAP-N. The required statistical data were from each city’s statistical yearbook in Anhui Province. The emission factors were from the
published field data. The results showed that total N, O emissions from Anhui croplands in 2011 were 35. 1 thousand ton, in which
direct and indirect N, O emissions were, respectively, 27. 6 thousand ton and 6.6 thousand ton, and N,O emission from residues/
straws burning in the field was 800 ton. Huaibei Plain ( Region [ ) and Jianghuai Hilly ( Region Il ) were the main contribution
regions in Anhui, accounting for 41% and 35% of its regional total N, O emissions, respectively. The most important source for direct
N, O emission is the year round upland fields with 74% contribution of the province total direct N, O emission. The second important
source in Region [l and Region Il is upland cropping season of the rotation fields with rice and upland-crops, accounting for 19% and
14% , respectively. While in Region IV, the second direct N, O emission sources are tea gardens and orchards, accounting for 22% .
About two-thirds of the indirect N, O were from atmospheric nitrogen deposition. The results can provide a scientific basis for policy
makers to make agricultural soils GHG mitigation measures in Anhui Province, such as reasonable use of fertilizers.

Key words:IAP-N model; agricultural land; N, O emissions; direct N, O emissions; indirect N, O emissions
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Fig. 1 Sub-regional definition for Anhui province
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HiEd 0.82 0. 005 48 0.005 48 0. 384 541261 0.15(0.1~0.2)
i 0.9 0.05 0.0182 0.382 9520 0.2
S 0. 45 0. 004 0.011 0. 666 672%) 0.05
w3 0.15 0.008 0. 008 0. 83 0.25(0.2~0.3)
95 K 0.83 0. 041 0.014 4 0.83 0.2303"
BN 0.9 0.05 0.0131 0.417 0.2
3 0. 83 0.013 1 0.013 1 0. 83 0.2
HRECH) 0.83 — 0.83 — —
HE(2%) 0.32 0. 004 — 0.75 0.26

1) RARICHES 25051 A Sk 22]

(2) )42 HE R B 7K -

[ 2 HE A B 7K P B 45 R R DL i L
W R AR, B R AR (8) ~ (10) ML (12)
P AR, b AR A T it A M 7 5 i
o R A AL A HE T, B B T L B HE A

I B KBl A3 3], LA e as B KB AR L AT B
DX Sl AR 2R el 2 el K A 7 b T AR O U T 22 B
HEHHIHFEE).

(3) RS AT BE B i 3K F B

R FEBEBE N Bl K- R i 38 (14) Al 53, Bir i



74

B A T X U EUE FRBE A TAP-N (24 2048 48 i N0 HE il &2 At 4

2399

I [ AS [R) VR s FF 7 2B, DL K T[] 4 5% L 49
1.3.2  HEfR %

ELAEHE R U P 2R FH 36 BORH AL b DX A% HE il A1
UL B 2 0 B A, an SR J& GC-N,-ECD 4341 &
4 (DN ¥ B 5E {f, MIAR YR Zheng 25" B %7 1F J7 3
HEATHRIE. [ HER R F- R IPCC BRIAA.

2 ERESH

2.1 CEBUE AR A A =
2011 AR R M S A M A 191.2 Tt
(F4), HP TXMIXAZWARE K, 548

B A A T6% . 5 DX I Bl R b U A
BEESMA (L5 41% ~87% ), I X ~ VIXKF
BUERIEE A AN XM22% ~37% , IVIXHH
fel 5% bl 1) AL A 29 5 IV XY 17 % .

5 WK, 2011 4E 2 B8 & I H N, O B 4 HE ik
Jarf 749 K U5 T ALIE AU S AL a1 42 HERCIR ik
BRI AE 3.2 o, R AR A 37.3
Tt FEFERA RN, 10.9 Tt
2.2 REUE RN, O B R

2011 AE22 08 A T HUN, O B 454k 2. 76 T3 t,
5% KB T 1T XATX (L) Hd, T X 8y1mH

®4 TRARAHETHNE/ 10"
Table 4  Nitrogen input of different croplands in Anhui/10* t

fri  HAERME KRS + BRI OKRRE(RESR) KRRECKRES)  WER + RN i 3 M APAZRE SR A
I X 70.3 3.8 — — — 5.4 L5 81.0
I 30.6 5.1 11.8 11.8 L5 2.8 0.5 64.1
Il X 13.9 1.7 4.0 4.0 2.5 2.2 1.3 29.5
VIX 6.7 0.8 1.8 1.8 1.4 1.2 2.9 16.6
YA 1215 11.3 17.6 17.6 5.4 11.6 6.1 191.2
#£5 2011 FRYEARAHANTRHMHEKFRIE/10" ¢
Table 5 Activity data of Anhui in 2011/10* t
i _ : ?iﬁﬂkﬁk i B : __ : “i Tﬁ/ﬂF‘ﬁg i _ : A A
e B [GEIRAE it RILKE /2 AR R it
IIX 57.2 18. 1 5.6 81 15.6 13 28.6 5
X 49.7 11 3.5 64. 1 12.5 10 22.5 3.4
I X 22.7 5 1.8 29.5 5.7 5.1 10. 8 1.7
VX 11.6 4.2 0.8 16.6 3.4 3 6.4 0.8
T 141.2 38.3 11.7 191.2 37.3 31.2 68.5 10. 9

W E, X7 H 2O E 0 B e Yy
L 900 . X TR A FH b S BT, Al RAE R
LB A+ HEN, O f 32 209 T 3 HE O, o
BACH + N, OB HE A 74% . T X 94% KN, O
k[ Al AR, e K 52% ~ 63% [ HEk A
o e, X, X K S84 b i B2
N, OHE il 0 & & 55 =, 400 5 T I, T IX Y 19%
M 14% . A IV IX, HAR %5 B N, O HE ik & i =
B AL A IZ X 22% (B 2) . BB AR
FHHBN, O 82 HE B8 40 50y - B4l RV M 2,05 U7
IKFE + 2ARIR 0.87 J7 v, KEFRAE(RMEZ)O.28
it KERAECOKFE)0.14 J7 1, WER + 1K
FHO.01 J7 t, #i3EH0.09 75 ¢, SEZER 0.10 T t.
BB A A 1 K 2 A HE A el 4% 28
A FH N, OHE s it B HL % P T AR e i . 2011 4R 228
BRAHAED A K BN, O H B HE O ¥ ol 2.0
kg-hm ™ (3 6). A [A] 25 YA FH H (4 S 35 HE i &

H, SR e 4 e R K (4.2 kgehm ) K R AR AR (R
F) I Z (2.6 kg-hm ™), Hal B4 HI 45 = (2.2
kg-hm 7)) B SR HL . KA + LUK R MR K B 6 AR
(k F§ 2 ) B9 1 3 HE B B AT (1.1 ~ 1.3
kg-hm 7)) WERE + 50K IR M A HERCE B Fe 1YL
0.2 kg-hm 7. X T4% X34 J N, O - 33 B 32 4k
T, A (T X)) B U AN (£ 6), X
A 5 I LA XA 4 5 i O, B B b
LA 0 A, A A
2.3 LA AN, O] H 4k ik
2.3.1  RAAVIRES R EN, O] £ HE ik

2011 ARZER0E B SR DT B 9N, O ] 2 4k
JciE 0. 43 T v, Hoepr UL R B 4 Hb 5 A 1 4k i
J30.19 T3 t, A UTFE R 4 | LSO N, OFHE Tl 0. 24
T AR IX (T KA X)) 8, 2495 A
TLHE TN, OHERL %) 77% , 2 1% 38K /5 8 I W ot g
o FHA X IR [ B 3 (a) 1 3(b) ], RATFT
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Fig. 2 Proportion of direct N, O emissions

under different tillage systems

BN, OB HEM ( >150 t) B IX FZ A A 1T X (VL
Fr B ) W 74 5, 17 480 U0 B 5k BE K (> 50 kg-hm ™*) ()
B AT R I, o0 A6 AR I i R B DAL i
el P U Hb X 2% XY 7 24 TR i B 0 5l R
[ X42.3 kg-hm ™, [ X 31.4 kg-hm > I X 20.9

kg-hm > IVIX 9.7 kg-hm > (H: i hm® S 17 B X %)
A .
2.3.2  WRIEARWGIE N, Ol 42 HE ik

2011 AR B8 T 2B R 5 R N, Ofa] £
HERC R R 0.23 5 v, HB B X HEcE At =/
AR DR . T XA X F BT IX,
ARG B 42% F32% . x5 1K, 1T KKEEA
PN PN P
2.4 MIEIFEFFAE BT R AN, O HETL

2011 28 I RE FRRBE B R AN, O HE I =
BNAL0.08 J7 t Hidh 77% kg T XML IX.
T T AT X2 2 BOR R 2 A 7 X8, PR
FEFFP= B A K, R R B = R A1 B & 42, 0 T ARIE
T BAEYIE AR K BT ) A R RS R R IR
Z (K 4).
2.5 EEUEARAHN, O Gk

2011 AR 2B A N, O/ B HE = R 3. 51
T (FrH1461.6677 t ) CO, Mig) , Horpr, T XAl
I IX A HERC T 1,45 J3 ¢ f 1,20 5 v, 36 s
R HIHN, O S HERR 1 75% . T X W1 M i . i B
A X 5 B o 2 1L B i HE R #5761 000 L) |,
AT E AR N, OHE ik 29 5 L HAA 17 16% .

27 N, HEHEROR Z B R - N, O i
B HEBOR , 29 5 79% 5 FLEEHERC, &5 19% , o
2/3 R F R R VTSR N, OHE B ; H ) #5 FF
BRBER RN, OHE R B /N, 29 5 2% .

FUTHE SR INOHERU
YU kg hm
Rk SR AN OHE Ut

20
10
10

[
0
0
0

40 60 100 150 >150
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(a) KAVET RN, O s (b) BICKEIREE 5 (o) WA 5 AN, OHEL
B3 2011 SZHEHASENESIRHN,OHFHNE. HBZRIIENN, O MERRINIEEE

Fig. 3 N, O emissions caused by atmospheric nitrogen deposition and nitrogen leaching /runoff, and nitrogen deposition density
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Table 6 Direct N, O emissions from different croplands and their emission fluxes
i it meppp i KGRI R RERS s mmEm 4
I X 10518 290 — — — 226 172 11207
I 5976 391 1849 951 32 317 87 9 604
HEEH R/ X 2709 131 619 319 53 245 239 4315
VX 1313 61 288 148 29 131 539 2510
g €=} 20516 874 2756 1418 115 919 1037 27 636
I X 1.9 1.3 — — — 0.5 2.8 1.7
I 3.0 1.4 2.8 1. 0.2 2.1 5.3 2.5
HE 7 i B /kg - hm 2 mx 2.5 1.2 2.4 1. 0.2 2.1 5.1 2.1
VX 2.3 1.1 2.3 1.2 0.2 1.7 4.4 2.1
TR (FH) 2.2 1.3 2.6 1.3 0.2 1.1 4.2 2.0

1) B RO B YRR A K 0 HEOE &, B R = 428

AR N, O B 132 HE o /4% i 1

RT 2011 ERHHRAMN, OH /7 1"
Table 7 N, O emission from Anhui croplands in 2011/10* t

‘ . Tl 4 H i I
fir L IR wEEnam - SR
I X 1.12 0.19 0.1 0. 04 1.45 603. 82
I 0.96 0. 14 0.08 0.02 1.20 499.71
X 0.43 0. 06 0. 04 0.01 0.54 224. 87
VX 0.25 0. 04 0.02 0.01 0.32 133.26

g ) 2.76 0.43 0.23 0.08 3.51 1461. 66

1)1 t N, O =44/28 t N, 0-N; A BRI 5 3R I (IPCC 35 TR PPAG 45 ) 45 Hh 9 100 a 0[] RUBE R A% B, 1 ¢ N, 0 =265 t €O, eq

2.5 2.0
4 HiEREFRLESIEMN, OB HER

Fig. 4 N, O emissions caused by field straw burning
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95 ZEHERCIR I, SNC 5 A8 58 75 4< 1 N, O 1 42 Hk i
Vb R S AT, AR T AR AR AL R AT IR A
SRR & HM Y. F R BT i HE ik
WK S RE N TR0 HE 4 2 B B 2, T A T [ ) A
SRR B HLX , &R N O HE Y LT 4 A A
HUAE A A P M. 5 38 57 205 B F 58 0508 1k FE 2
ERARHEN, O HAEHE IR, KR, ERRER |,
FRR P R S A B R R R E R Y
P R RS B L AR ST R 1] MO A R4
TP PR IR L BRI A AT X R
G TEHERCIN F 07, 45 T HE i T )
3 5 M ALK T AR T AR 8 A SNC U R s [
A B AR T R A FE R 20 9 ol A T 2 Y A
R TR 7). SNC7E £ 305 v, R ) X 3
Hh R [7) 4 T 2 789 0 HE e PR T 5R T B 2 A 4 — 1
2B T IX S A 25 ST A WF 5 7 HE R DR T R 2
b AR O R R B K22 B R 4 S e e R
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ARG, SR FH 5 G R S 2 A L AR AR 40 48 10 F) 0
Kot w2 HEON 1. B Ah A BIE TR 95 AR DG , ik
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Table 8  Literature survey

; A AR PR EAL Bk i AL A [P HE i HEHCER
R E;J%J)t\ﬂi x 103 /hm? q;/ﬁ/\i/kg-hmfz E‘Tﬁﬁtﬁkﬂi /kg-hm’2 R
1989 fLHCA . & &Yy | RS AT 8 | — 4926.0 — 9429.0~22314.0 1.91~4.53  [32]
1997 fLALA — 4 866.0 — 17 726.0 3.64 [33]
2005 fLIBA . F ARSI . FEE 260 00T 380.0 23737.0 3.7 [22]

4092. 59 554. 4 23737.0 5.80"  [22,34]
2011 fRMEE . EEM S M A O HMY) | #FFE | 191.2 4184.4 456.9 43371.0 10. 36 EN I

1)N, Ot = ik x44/28 , LI F RO 8 4 45 59005 B B 4 0 it = B kot /-0 M TR AR 5 2) 2005 4F 5% 9k b 080 2 4 ) - b 981 5 22 T 10
i, 7 2011 4F 2 04 ) BF il D BRSO A I b b A A 2 SR BRI, P B ST b v TS TR PRI 2 SRR 5 3) 2005 A i ks 1A BRURS A0 O iR
TICHR[34] 5 4)2005 422 B4 A< HN, O BL 45 1l &5 22 B A, 32 B2y A< FH N, O B 42 1l e 2 A 1), T 0 e 1 0 22 031 6 K

3.2 TE R e

ANiff 7 MR R AR T SR Y Y R (]
—. WEREE RIS AR EEEERA T 44
J7 SR . SEEARE (RS E. s SR AEHE
A « A EE (EYRE AT bR | RFF L H R %)
FHERC . AR 2B gt B 5 B R g1t
BARIEAT TR W HEART e tE N £7% Ak i)
VEYI S BOBHRE AT E R +5% , BB Y 5 808
AN PR+ 10% , 7 Hb Ak 1 2l 9 A4 0447 HE i 2 AS
W2 MR +20% , o sl ) A4 HE 0 AS i 1
K £30% , 5 A R B AN R £50% , HETCH
ANREE LR 1 AR R R % A 0t ROk
F6 T AN 1 A ) v AR A A 1R 25 4G 8 A 5, T AR
i A b 28 80 4 DX S5 T B A BN, O HE ik
MR ME, TH A R R R R N, O 1 4%

HERC A 0 2 Ve R+ 52% , [a] 42 HE 7N B0 8 vE R
+80% , M [R5 FF A be 51 2 1 N, OHE L i) AN 1 22 1
+30% , ¢ HIHUN, O S HE R A0 e Pl = 44% .

SZ M A TN, O B 09 Ao e My I R
Kk HFHERBCE F. ARG HIFE T revised IPCC
1996 . IPCC 2006 F145 ¢ i 5. 4w il J7 ¥& T, 2011 4
LA RN, OHE A2 (£ 9), I 54
RS T He R, T R AR WY R A A ] b 2 R gy
DX BT S5 FH LN, O () HE TS, WT LA A0 B3 IR A 45
RO EE(FR ). ik, T RMFR T,
JNE I iR 42 1A i Y e T 2K AR T (i) N, O HE T Ay 0800
ARATAS b AL B HE B B . T BTN, O] 42
HE A BIF 5 55 T 55, DRI O, 5 o] B2 HE A 08
LS AR A5 Sk o 1 ] 422 HE s TR, B IR BRI AR
) AN o 1

®9 HEETFREETHEKL"

Table 9  Emission factors and estimation uncertainty

i { Ei2 EN B G g ) revised IPCC 1996 75 3 IPCC 2006 J7 ¥
HZHEK EF, W1 0.0109( +89% )2V 0.0125( +80% ) % 0.01( £135% ) 4!
. . o KEEVI EF, 31 0.01( £240% )" 0.01( £90% )? 0.01( £240% ) !
HERCR T RICR B ERe . oo B R (£240%) (£90% ) (£240% )
Wik BT EF, 1 0.007 5( +163% ) 2" 0.025( +£236% )?) 0.007 5( +163% ) [+
FH [F] & A 26 8 W1
BT +52% +90% +80% +135%
R lﬂiﬁfﬁﬁkﬁﬁz +80% +172% +107% +178%
FH ] 4% 5 b £30%
R +449% +80% +68% +114%

1) 455 A RO 278 HERCR T 09 A8 080 22 2, 935 5 A1 09 08 2 HE AR IR 7 B 3 0 s HERCR TR i e 1k = (W (e - IRME) 72/ T (8

3.3 CEBUE R IHN, OB HEXS 5

BE XS 2 BUAE A T HIN, O (4 HE T 53 A1 R AE , 45 4
Jei SEBUIHE , AT LR BN 8 - A — , 4 W i A
T PRAIEAT B30 v B 7, A B T A TH R A, 32X
Tt NE i B A R0 B DL R A IR OB

TR R A, B v R R B B R i B X W K B
T I g8 TR OB O/ AR U DA G 2 R AR TS .
s (R PR UIE 22 08 R AT AR 9 B AT R, >R 0
S E T AL, B 1k B AT 2R T R i HE g
i B DA TEALIE S 3, B 0 2 0t A HLAE. 26 =, 4%



74 B A T X U EUE FRBE A TAP-N (24 2048 48 i N0 HE il &2 At 4

2403

LR & B IR AR, UL B A R R e
SERFEEFEME AL P T (AR TR L MEAE . SBR 4k
HIYEAE) B A & A BT IR AL A . A 0, E LA
PIREAT B0 R A s gt A TR S, R R
AL fige DR 6 AT A AR ) L 7

4 %

(1)2011 422308 ARl + HEN, Oy i HE i it oy
3.51 05 v, Horp A Al M 4 58N, O 1 2 HE i &
2.76 73 t, a4 HE &k 0. 66 7 v, HH JH] Rl FF A 0% HE
Ji 0.08 J7 t.

(2) Wb J5 A VT i B B AR B AU A R K,
S T HEN, O AR, X B Ak 1
N, O G HE il i) BTk 53 31 41% F1 35% .

(3) Hali PR LB R M HHEN, Of 2 1Y
ELHEHE IR, Xk A F A2 HEN, O 1 35 HE 0 14 BTk 43
MR IX 94% , HE X 52% ~63% . K4/ T
SRR I XA X 56— T 2 R AU, T IV Y S el
A5 PR 5 L HE O

(4) B2l FAEHD | KRS + RN . KRR AR (R
EZE) . KA OKREZ) . WERG + IR . 8
S M A 5 el 2% Bl A N, O B 22 HE il B AR vk Ry 22,05,
0.09,0.28.0.14,0.01,0.09 f10.10 Jj t; 4K %
HERGE BRI N 2.2, 1.3,.2.6, 1.3, 0.2, 1.1 fI
4.2 kg+hm .

St A E AR S RGN 4 (CERN) 42
AL B A ) 4 B 28 RN, O frg X0 T 5 3
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