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A synthetic review of the methods used to estimate agricultural ammonia emissions
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Abstract: The largest sources of ammonia pollution in China are the excessive application of chemical fertilizer in
agriculture and the continuous expansion of the livestock and poultry industry. Over recent years, the atmospheric
environment has attracted much attention and ammonia emission research has become increasingly important. This has meant
that accurately and scientifically assessing regional ammonia emissions in China has become particularly pertinent. This
study was based on related research progress at home and abroad, and compared the characteristics of the main methods
used for estimating ammonia emissions in China. The types of data, pollution routes, parameters quantification, and
uncertainty analysis were analyzed. Opinions and suggestions for further improvement are put forward on issues such as
single calculation methods and insufficient localization of emission factors in the estimation of domestic ammonia emissions.
The results provides a scientific basis that will allow China to conduct basic research on ammonia emission control, carry out

control technology tests, formulate relevant policy, and strengthen government guidance and support.
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M ZHEB IR T TAES TS FERR Fe 36 [, B & %78 A AUt FH A NH HEBCR: A7 A8 HE R 19 80%—90% , 75
FEBAT I E K W RSB 77% 2647 [FEE, ARG AT BOH T T3S T 604G NH, 78 3 A HE Rl st
A R ZHEBOE 78, Pain " SR FHHERCH 24 55 T 9 0l SRR i 12000 DX 4 A7 ARl 2 HE R A
197 Gg, & & 758 5 LMt F 2 HE o 50 5 HECR ) 319% 1 16%, 16 PRl 2 | Xt B 2= R R
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H 7 1 A I PR 3k R T T R, B L O & 1 [ R U HE A DT 4 4 R (Nation Ammonia Reduction Strategy
Evaluation System, NARSES) , J&—/>H FAb B A S HE RO 15k 25 9 A B0 DA RS I AH 5 I8 9 7 28 5247 1]
REME BB 1991 4F A b 2 HE A8 A = A () IX 3k 25 R e A S RS 4BL 85 Y (Regional Air Pollution
Information and Simulation Model, RAINS Model) , B [E B 1 FH 2 48 40 M2 2% (TTASA ) FF &, Klimont'"" iz ]
RAINS ALFIXT 1990 41 1995 4o [ Z HE S HE Al 3, 25 3 87, 1990 5 1995 4 v [E & HE kB &4 970
T3 e M1170 J7 ¢, i3] 2030 4 NH, AHEBCE K34 23T 2000 /7 v, ZHE 322 orikok B 2 A At &
535 i 90 AEAC B HER LY 52% 1 41% , ARAE I ZHECRY B FiHAE 2030 ARKHS 3N 2 61% , MiHEE 15>
BN R3] 33%., Streets %52 I T RAINS #5221 Klimont 451" A 3187 1, Al 8 2000 4F Y H1 [E NH,
HelcE R 13.6Tg, o 509% Sk A AL RE it T, o5 4k 2 HERCHY 88% . P32 i & HE il i B A& 5 78 ( Danmark
Ammonia Emission Inventory Model, DanAm) , 78 #5725 HE B HE L H 70, 2% 58 7 22797 R R XS HEC A 1 1) 52
i), () sE AR IE 200 P i HE I o 5 A IR S5 R S 2 R EA R, BRILZ N, HBUFRAELITZE RS
(Intergovernmental Panel on Climate Change,IPCC) $2fitf IPCC J53: (76 Sh/K P Ak Y ) 2 H aip [ b 5
FHIR 2 R A 0 T PR SHE O, 25 1 T & A S HEBOIR A HE A SR e 53 IRl AL T K
SERAS T DA vE A BOA S B HER T BR, WO 5 8 RS R A, DR AR i BRI A
s R HE R BR A FE SR, — SR oA HERCER SR U S I IR R e B R A A TR
SEARETS S X T R R E SOk UL, I AR R R BT R A I S AR 2 R A R S Y R
Wk, X TR SEPNTT =, & T E HER A ME—15 B S ERERE P PR 5 M5 82 L aln S TR T S A
Ll b DX 30 S A e W I R 4 ( A EERT BRI D) >R A GAINS BEAY DL K [ % — i A S A 5 T 2 HE
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3 R HE A 34 45U A T 20 1HE22 90 4FEAR, 26 1 XF ke T FR &N IX A HEORE Fe 46 . AR ¢
(R HETRF 5T, K 22 B HE IO 7 HE OIS o, HEBOTE 20 LA /Uit L 7 & 9% 8 A5l s HE IR R 57
TR R N S S TR HE R P B R = AF 98— T 22 U Hb DX A DG AT 9%, i FH HC rp LA AR et 1
R P EEHE L, B0, T 3C% 4 AR R 1991 4F 4 FE & A HERUR N 8918 G, Hih & & L &Mt
A SO A: PR R 5 R 64% | 18% 17% 1 1% , 4> 1F S-S HEBUI B A 9 ke/hm® . B4
SKFHZEI s, ANHE R R T A5 A T YTy s X RGBSR . R T Se i A HERCR Tk
FEAN, B8 45 R R TE T RES A W22 . 59— 7 1, 38 a3 52 MR 00 45 21 L0 25 SR X 2 A HE R AT AP AT . R
JK R AR R B T ARV PR TR B AR A TN R B AR R G 2 A T R R O 4 R
HEATINE | A5 2 A A e LRI P A T 38 v 3 e ) 00 2 S W S, 7 P P s I X3, Al 2 R R 2R 1) 2
FERZIT 00 19.5%F1 8.8% ; M AEAT LR H + b Bk 2 FR 3R 2 R 351 3185 39% F1 30% , )P Ki
S AR AR B RNt P ACHE T, SRR IR R 2 RN 8 B A 27 B A HE HOULIN FRHE 1 > TR R RN it ] A HE
B, IR s 55 W b DX S HE ki AT LA, 45 R T TR0 rh [ ZCHE s R T e i HE i . LA
b A R S i 0 2 SRR AR AR S VR HE R T AR I T S0, Xing AT Zha P 36T I8 IR SR 2
AR RN BTSSR AT 1990 4R [ A4 A HECR , JFARSE e A T3 T S TRl IR (IR 28 R R &
) S AEARIFHE T U F R LR, BT AR 550, B EE SE mRl k R I R 22 R
R, I A FHE R R TR R A R T DR S — 4 HE R A3 B0 T R A BRI AN
R, 76 S5 R OAIEIE b | ORI 22 A9 38 A 28 1 DX 32 S M RN HE il PRl AR A S5 T A T TR R
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Table 1 Comparison of research result about ammonia emission

pa NI
X FH R ?ﬁmm FESA AT P,
Regions Years Emissions fertilizer/ leeétock/ Hurgans/ Total/ Gg intensity/ References
Gg # # (kg/hm?)
e 1991 Hesl it 1605.24 5707.52 1516.06 8918.00 9.00 [3]
i S HE R A % 18.00 64.00 17.00
YL Hi X 1990 Hefl it 192.11 325.25 36.85 769.29 36.50 [23]
ié\/;j RN 25.00 42.28 5.00
2H 1992 Heo 3808.40 5974.10 1523.20 11499.10 12.00 [24]
ié\/;ﬂ REFRLE 33.00 52.00 13.00
I H X 2000—2004  HEjE 374.94 219.60 98.59 698.80 12.00 [7]
o ARl S HE R H A % 54.00 31.00 14.00
it 2011 Hesf it 18.73 33.39 1.99 54.53 86.01 [5]
o ARl S HE S H A % 34.00 61.00 4.00
4 [H 2006 Heo: 5300.00 3200.00 200.00 9800.00 10.20 [2]
i ECHER B LR % 54.00 32.60 2.00 3071 198 [25]
eI 2004 Hesl it 1620.00 1451.00 -
i G R F 1R % 54.00 47.00 -
Fi=gc 2015 He o 89.84 98.37 11.17 228.02 18.8 [20]
o & HEE R e % 39.40 43.10 4.90

(1) ARy b IX g HE R
Zheng 45 YK AL 58 HT T3 T A SR 3 b 75X S 3t DX RAR PRI, Zheng A58 4 1237
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Fig.1 Characteristics of different development stages of agricultural ammonia emission estimation methods in China
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IS BRBONAE ke AE 0 fE& AT EHGE R, 5 AL HE i ] A TE I, S HE
FHINGEE, — R LR T AR AU, Zheng 5517 52w HET RS A MG IPA-N BRI
MARIEPR B AR A BE T T i RIS B AE AW I 0 DR [l FH 25 2 AR - 2 B A T A S R G
HER, e — 203 1 R M AR HERR PR (H T A% BRSSPI AHE A A0 A B — | SR BB A HE
T T2 A E  RIRAEAE— B A E M. Wu %57 32 F NARSES SR AR A R HAES RE A
HEL 38 175 8 9 pH Bk 7 2B il B S 52 e DB AT HE N - B IR TR & R AR HE A 5]
FIAYTE A BE MR IR T BUF S Bt St AR e 8 . 5 MBI EE , NARSES A BB A5 25 5 A [ b s Y
R ROSHERCN T 2507 Z2 N RBIE, I H b o5 B B ZHRR I 28 AR RE R . 3% 2908 T R IE 2 XAl
S HERC R AG S BB S B, X EE BT T HOTIEARAE o TR, 2575 3 i AN (R e A AR08 HE fl PR 700 B9 Al
PEVPAR 532, ORI E FERUE S % T TRACE-P V5 SLIG ZnB 10 1 RR > 2 JRATH & 1T 25 B 58 rh ki IR
AIATERE (R 2) o

®2 ERSHBTERELRE

Table 2 Comparison of domestic calculation method about ammonia emission

Heik R+
32 Jrik kPRI e PRER
Examples Methods Regions SUMARON g fimated characteristics Amssion References
scope factors
uncertainty
TE SR R A8 9, W] 3R AT
I E A HER R R 28 2 A HEs Ak | N A B RIEESMEREF 5 E RN *+50% [24]
LIIE
N, . N SR FHBRINHERL B - Y16 5 1 3l
HHIBICAT NI AR v b AOWB KPS WA %, W EE s150% (23]
il o
=15
—2006 A H E A R IR HE . . . . Z2% [EAMEE T, 1 3K 5L .
Wbz plETe 2@ O O L +80% [34]
. NN 454 RAINS 5 NARSES #%! | %f
3 N eSS y 5
LI RER BT RS RANS. e i RO TS REUK T £80% 5]

L S 75
AR NARSES i R AR

Description and Application of a HERCH T3 T TPCC BR3A5
TAP-N F57) Zx[F] AR INME, 2805 3R 3 3k R +50% [32]
Bl A IE 25 B AR

Model for Simulating Regional
Nitrogen Cycling and Calculating
Nitrogen Flux

HeR 73 TPCC 5 1 P ki

J B g%l A= 3 2R 48 NH, 16, Z 25 R 1 Sk b

_N AR i N2 . . + o

Hi IAP-NBOR I AR b ks, mage 200 7]
B

NARSES #5 #1 75 3¢ [ F AE Ml & MEAHZ B IEHE R 7, K IE
RC it T 2 HE il Al 38 B R NARSES #6#Y e RN S8R 5 KB W6 g K B +80% [30]
5z 9 ARBUHEREA & HECN R
A high-resolution ammonia ZIRFEIEHHA T ! SRR
Pmiji(m m entorv in China Heng B 3 E | NS B — e MERE ;T 27K PR ke IR +80% [2]
mision inventory FRESH
Agricultural ammonia emissions HE A T Be A5 3, 5200
inventory and spatial distribution RAINS #%1 (s b2 A BE B EFR L 15 Bh K S +80% [25]
in the North China Plain BiE FEoRE T ERGAFLE
High-resolution ammonia emissions NARSES £ 6 B KR AL T g B4
inventories in Fujian, China, ﬁkbk,ﬂ%(; X biyeiEsy R Hek N F8diE T 2 N Z B IE, +80% [20]
2009—2015 MIES B MESR
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B — Y HER R AT R H R BT 3l T 050k . FERT RIS SRAE L, P25 IR S A
[ DX S A 1 22 S O HESO R A 280 A 52 X Y S PR AT & . F BRI Z R U2 AR
PR —ADIRY s 1 T 3R E AR B R AT E8 51 RIS, 7 HR A0 552 i O T v R A T
TR, N R o XA S RO e 4R 1 R S o F T T e v AR A% Ml X A e K AP 22
SR DR (1) ok A TR AR 3 A AL 5 (2) EA IIBFFE S Rk Z oE— LIk 5 1Pl (3) )
2 BB TRIAG 3  EIH AS [5) 3 DX P A A I e — 20 9 5 (4) IR ) K Kt A2 R T 487 58
BHE B Z ARG — 45 AU, X S 8O R IR B0 IR AN 08 LA [ AR BE R 1RSSR AR

3 BIRWERSHIE

3.1 KRR

H A N BT i 1 S K AR . BB R B AR, FEES (P BLES
S5 R SR AT IEIX R R, BT R, £ AT N DB, BB S LA Rl RE R S RE R T2 A%
GEITARSE BRI 15T FoORE SR S B o0 55, i E GE i AR 2 P R A RGeS ARG AR
RBOL SR Gt ORI g T EREBE TR PR R R e T E RO RE RS BB 0 A BRI
R AEAATE X RIS S FRPRANGE — 0 B B AE (IR, A G ] B 2 2L 500 Pt nT A S B 78, Zheng
SRS TR A TR A HE T B, S T A AR M E B R VR TR & AR 414U (FAO) Bdi P
32 SEETL

FHE PR 110 B8 B ASH 1k K B — S PR 3 A B HE it ) ME R PR 2 LR, R 38 &
HECR F 15 45 28 B A HETC N F K 22 Fh R L A B A ROt S8R 26 IR R T R & MR £ 5%
R KRS G B AR, 2 B RR MRS ROK RS L X BRI SO A &4 & R 20% F1 9%, Z PR T 4528
ST Eb B i 2k 3580 W9 3 L DA SRk v R BB it FH 1 - 3 B 9 I AT S 22 b PR
Ty A AR VA A RIS 2 e RO B9 5 T S AR SRR R AR ECE F E EUIE A A L, S gk
1) 2 HE TSI 52 45 22 A S P 49 SCHR o ) RUIE Tt P L 31 (B 3 B AR AR . R A5 5 3R I I o Bl P 1% e A
PR B — AP UE S, BHGOR S5 WPK Z2 R IR AG A 7 EL AR R = A i X U A ol LA 5, ) e )
HRAE I Rk B 050 75 30 55 N Hb X 22 A /U B9 (PG 10 . Zhang 257 6 Ak 530 38 161 R0 it P 7= A= )
JHC, 36T 2005 43k [ EL 2R A S A9 B4 2R RUIE RO 08 FH L9 RS AR B4 R . Huang 451 36 FH EL AT RO
SEIRAE R I A HERL R, A USRS R B I, SRR TR AR, A T R
2% RAINS B, JLT1 B 7 67 MO FERIEIR T8 T & B M A HR F . s R AR i RAINS
AT & &SRR T IWHERCR T A B | a5 B S I BT A5 21 0 45 2R B ey
A ERRPE | [ B S A DRI 9 B A4 2 11 2 BRORIRCHE S, T ol AR DGR AR 3k | 388 3 S0 e T A e H e PR -t
Je— A BB R HE TR R A i . W 280 I NARSES AR08 31430 T 4 44 A A 0N it P 2k
W T, X — R T 3 pH R o AR R R DL S R RS N R 5 R Sk b ki
BT 5 H SR FHES S AR MR S I S EUS R 25 R A HL, (B H aT#A b X il 3R I S BN E 58
2, A N 2 Ay 2 AR T R A — S b DX B e 15 100 T {6l T 4 Gl 3 4 I P )~ 2 500 )
= RN, CAT SCBRFRE AH UL A et b5 S HEs R - L3 3,

(1) B T3 s N/ A Rn BR Bk ok

& B IR H R A HE R 0 B Gy, ABF S BEUCE LR AR RS e DAL bR,
XA T HE R PR IEE (% 4) o BT SR HET , AR 0 6 sk A 22 5 i A —HEL
VEHE R 2 B BA 0 2500 N TEAG 5 B & e A HEO , 356 FH A S PR 785 22 Sy Sk v 4 el 91 TR 4 1
Bt BRI E B 5 8 SRR L B SR Ak A 2 Bt S MR B M e AR, S5 oh , 2R A5 ) Wb e AR e
oA 1L 2E DL R AR HE R T B R B TR R
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Table 3 Nitrogen fertilizer emission factors and application rate

S 47 ik DA
o PEEE e wes wk o, VT
Regions Emission A.mmonlum Urea Amr.nonlum Ammonium Ammnn.lum Others emission References
factors bicarbonate nitrate sulfate hydroxide factors
S| fHEHBH % 56 35 4 0.5 0.5 4 241 [24]
Hek N+ % 39 12—30 10 15 NA
B i 551/ % 55 38.6 3.7 0.7 0.3 1.7 8.191 (3]
HEA T/ % 4 15 2 8 1 4
K=  HHOH/ % 24 64 4 4 N/A 4 16.8 [35]
HEBA /% 21.3 17.4 2 8 N/A 4
Pl HEHBH % 49.53 40.54 0.13 0.23 0.4 9.17 18.01 [38]
Hems K+ % 21.3 17.4 2 8 4 4
pivil HEHBH % 10 85 N/A N/A N/A 5 16.554 [36]
He =+ % 6.93 14.66 N/A N/A N/A 0.68
2 5 A/ % 22.93 59.7 0.49 0.06 N/A 16.81 12.32 [37]
Hers =+ % 15 14.25 2.15 6.45 N/A 2.15
N B % 27 71 0.7 0.1 N/A 1.2 23.86 [9]
HEA T/ % 24.29 24.29 2.61 7.83 N/A 2.61
(1) Bt - 38
*4 BEFESHBMAF/ (kg 7'a™)
Table 4 Ammonia emission factors of livestock breeding
Hegik I SCHK References
Emission source (5] [39] [36] [3] [24] [40] [38] [41] [6] [42] [34]
% Cattle f}i E;’f catlle 3 74 ;g:z 2062 2304 241 3097 2062 376 NA L NA 4912 o
;Twep category ;%‘3; gﬁ::p 4.932 A 4.93 L7 31 L7 :?)3 2926 gg; 1.2
5% Pig 4.84 5.4 2.82 5.36 3.8 5.36 2.82 2.82 N/A 3.26 4.8
%8 Poultry 0225 N/A  N/A 0.25 0.24 0.25 N/A  N/A N/A 1.48 0.22
% Rabbit 0.283  N/A 0.2 N/A N/A 0.2 0.2 0.24 0.2 N/A 0.62
o, 3 12 Horse, donkey and mule N/A N/A N/A 12.20 16.9 N/A 18.6 22.58 18.60 7.16 10.60

N/ A FoRZM ARSI 7 5 Al HE S A 98 3 3R SR

WP I LA B 3 IR NI Y 3 A 2 A2 L T B HEOR b A% 1 %o U HE RS 1 TR/
AEEEEW Moller 55 3 T U I A FRF S, PEH 1.3 kg/a FE M B EHECA 7, 16 P9 2 HGE 19 3
Mk AR AR S BSOS B R S B R E AT /NS 2% Huang 50 3R 2 HE BT
JE, 00 0.787 kg « N7 - a” WEM ARHERN 1, BRI BT 2014 4FRA5A 1 O PR 520
PARFE R (B017) ) (LR RIFRCIERE) ) ™, (B R ) R T 43 S8, Horp ARS8 HE R B
0.787 kg NH, A ™ a™' o TRV HET 2R AR S HER T 525 1 4 SO A5 Y G i 5 i A 11 2
TR AR SESTHR 9 N HE RN 588 W3k 5

x5 ANESHBETF/ (kg A7 a™)

Table 5 Ammonia emission factors of human body

[34] [45]
wp B s e ey o sk (s (3] (2]
References ; Cities and .
Village Breathe Sweat Excretion
towns
i
H A 0.5 0.25 0.5 0.787 0.3 3.64 17 0.76 0.05 1.3 0.787

Emission factors
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Table 6 Comparison of assessment methods
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