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Abstract ; Population growth and urbanization have increased the demand for grain, meat, poultry, and dairy products, and
the large amount of Reactive Nitrogen (Nr) emissions from agricultural production had a growing impact on the ecological
environment and human health. The Yellow River Basin, as the main grain producing area in China, has a high intensity of
agricultural production activities. We used the emission factor method to analyze four forms of Nr emissions of nine provinces

(regions) in the Yellow River Basin in 2000, 2005, and 2010. The results showed that; (1) among the nine provinces
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(regions) in the Yellow River Basin, Henan had the largest reactive nitrogen emissions, while Sichuan had the smallest
ones. The amount of Nr emissions of Henan Province was eight times that of Sichuan Province. (2) The order of emissions
of the four forms of Nr from high to low was Nr-wp, NH,, N,0, and NO_. Chemical nitrogen fertilizer application and free-
range animal farming were the largest contributors to NH; emissions, followed by large-scale farming and grazing, which
together contributed more than 85% of the emissions. The contribution rate of farmland runoff and leaching and leaching
from livestock and poultry farm to Nr-wp emissions was about 1/3 each. Non-vegetable rainfed farming and livestock and
poultry farming were the main sources of N,O emissions, and the total contribution rate was more than 66%. (3) Within the
Yellow River Basin, the province (region) with the highest Nr emission intensities of per unit agricultural GDP, per unit
cultivated land area, and per unit rural population was Qinghai. The spatial distribution of the emission intensities of per
unit agricultural GDP and per unit rural population basically showed a pattern of high in the upstream, followed by the
midstream and then the downstream. Emission intensity of per unit cultivated land area was high in the upstream, followed
by the downstream and then the midstream. The emission intensity of per unit agricultural GDP in all nine provinces
(regions) showed a declining trend, while the emission intensity of per unit cultivated land area and per unit rural
population showed a stabilizing or increasing trend, and the emission intensity change indices of various emissions were the
highest in Inner Mongolia. By analyzing the Nr emission sources of agricultural production and intensity in the Yellow River
Basin, Nr emission reduction measures were put forward according to the local conditions, which could provide some
scientific references for conducting basic research on Nr emission control, carrying out control technology tests, formulating

relevant policy, improving the ecological environment and realizing the high-quality development of the Yellow River Basin.

Key Words: the Yellow River Basin; agricultural production; reactive nitrogen emissions; emission intensity;

mitigation measures
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Fig.1 Location diagram of the Yellow River Basin
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®1 BEESNrIEENKREHERSH

Table 1 Activity level data and parameters required for estimating various forms of Nr

Nr 57 TERE Iy S e ESI R e R
The type of Nr The subsystem The type of activity level data Source Parameter Source
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LW BRI T E (R R A2 ) FAEYTE I M [19]
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Table 2 Emission inventories of different forms of Nr in the nine provinces of the Yellow River Basin

Ay 2000 2005 2010
Year N,0 NH;  Newp  NO, N,0 NH;  Newp  NO, N,0 NH;  Newp  NO,
R 1236 147.81 37837 044 1433 18172 43633  0.60 1423 17331  365.52  0.48
(3L} 878 11577 297.32 0.7 9.82  131.25 33407 0.4 1015 13219 29121 0.60
g 677 9147 23350  2.04 693  97.12 21878  1.28 621 8433 16553 1.8
A 6.48  80.85 185.63 0.6l 698  89.29 19555 091 576 7120 148.68  0.80
Tt 291 4897 13173 0.23 3.64 6209 16209  0.25 356 62.82 16253 0.30
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Sl 204 2643 8545 0.3 310 4132 117.51 037 349 4843 13026  0.57
it 1.05 1898 70.05  0.03 .09 2273 7222 0.02 1.08  21.60  73.68  0.04
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Bk
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The whole basin
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Fig.2 Emission and contribution of NH; emission sources in each province of the Yellow River Basin, 2000, 2005, and 2010
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Fig.4 Emission and contribution of N, O emission sources in each province of the Yellow River Basin, 2000, 2005, and 2010

2000—2010 4F-, 52 & & SR 5 A0 52 m, AL PE (IR N, O HECE A BT R, Hifth 4 (IX) N, 0 HEjik=
SR WP I0ZR JTE S H T 6 4 N,O HERCE LAY Z AR5 S R o F STERERA T 39%—
54% 22 [] , Fe P B v 4 A% e SR Pl S0 TR STk R B o T A (X)) 5 18 NS PRI A (IX) 19 N, 0 HE
WA F & 558 R G 3, STk R A T 38%—61% 2 18] ; DU I 45 DU 2R 35 38 b A& B S50 R 48 N, 0 HEjik
TUBRRAHZEA K, AT 25%—33% Z 1], H /K S50 1 52 b R K R FH 280350 B 1) o ik % B 8 v 1 DGl
(X)),

3.3 Nr HEBOHREE AT

AR P 45 (1X)2000,2005 K2 2010 4Bl GDP | B B b il AL BA A A N T N HEIC B &
AR EREE TN 3 FR,

R 7 4l GDP ZUHERCSR B R T K, 2010 AFEHERCHR BE 244 2000 AF-HERCHR BE /Y 1/3 5 B0 Bk Hh
TR HE 5 AR LS AT N T RCHETC B /N T, w44 (X)) HECHE BE AR s i 5,9 44 Bl
GDP & HEH B AR Sh 5 54 /NT 0, F BRI A A P= 5 AR IO 4 it FH B AL AR 2 77 1 A B A 0 o v 21
1T 20 GDP WA A B4 b GDP AY3E5HE K T Ne 8938 2L, 4548 (1X)) B s v AR 2
PR N A BTl HCHE R BE AR S48 B A T -0.2—1 Z 1],

P BEVEAILAR 3 48 WA GDP ZUHE IR B 98 2% 1 2 HEAE i — A2, o i pa AL 7R 02 i Nr HE
i S O TR PG R B Al GDP 35, i R b RO R /D, DU 148 S BE Hb  BHE d
AR B K, AR R R —4.24% N HE RS 4 08 /IN BB 1L PG R0 1 2R 48 5 A7 0 b T R ki A sl
BOR B, B AT N B B AR S8 B R A (X)) SN S, R BUIRAR OO 7 5 H O I TR

http ; //www.ecologica.cn



114 R S B RO A R R HE R R HE R R 4683

BEPE 357 AR (LY NS N HERCREE s i T Al A (X)) AR HRRC R A 4.78% , SO L fr Aol
GDP S A i T BRI A A A N R HE IO B 2 Bl B iR

£3 HAREEE(X) BRI GDP BAFMER, SR A ORHMEEREINEY
Table 3 Per unit agricultural GDP, per unit cultivated land area, and per unit rural population nitrogen emission intensity and change index in

the Yellow River Basin

N B A b T AR BALRFT A
iAol GDP & HE T 58 B N b i
ooy T oDp RIPIE ag S 5 S e
(k) . o.z,en emlsS{on FEEL Nitrogen emission intensity E2 Nitrogen emission < BIIR
Province intensity per unit of . . . . . Change
( district) icultural GDP/( Kg/ J77C) Change per unit cultivated land Change  intensity per rural population/ ind
stric agricultura g
istrict ° index area/ ( Gg/km?) index (Kg/ N) mndex
2000 2005 2010 2000 2005 2010 2000 2005 2010
vy 299.30  188.45 79.59 -0.73 117.32  113.93 102.55 -0.13 25.09 26.94 22.73 -0.10
N 250.32  231.05 136.18 -0.46 107.07  152.24 196.69 0.83 64.48 99.10  127.50 0.97
AR 165.89  120.18 50.29 -0.70 273.68  292.84  231.77 -0.16 37.39 44.32 36.21 -0.04
MO 201.74 156.37 77.19 -0.62 288.94  339.33  303.63 0.05 32.97 42.35 41.89 0.27
i 182.55  137.73 81.19 -0.56 188.26  210.29  324.67 0.70 28.27 35.06 39.81 0.39
5] 251.51 180.82 71.49 -0.72 126.34 142.32 164.90 0.29 26.60 31.35 32.55 0.21
Hor 305.53  252.67 130.16 -0.58 118.03 146.42  158.71 0.33 30.46 40.58 43.67 0.42
Hig 1069.59  735.08  360.29 -0.66 623.72  664.87  845.77 0.36  127.00  138.78  146.00 0.15
TH 356.52 294.94 142.24 -0.61 129.34  162.34  190.56 0.46 43.22 60.05 64.14 0.47
i ek 239.46  179.14 83.97 -0.65 163.45  185.91 192.62 0.17 32.26 39.78 39.68 0.22

LA 2010 AF-HECR BE 41, R A2, GDP | Sz A i i AR | B AR A T HETR 98 BE K] 0 o 3 A48 2 (1A
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TR LARHERICR BE /N, 52 PR B R AR SR PR B RE IR, 75 98 48 BE B T AL T A, B0k R ik B2
AR ™ A 7 SR 3 7 Sl B IMELARR , el GDP d5e/)s, PR 7 965 48 45 2R HE i B de . D148 & 0l &
I T 45 LR A AR AR 5 BE R, =48 (X)) N HECEE AR i i AR X5/, DAL Ik 2457 Bt i ARCHE B 55 58
B, U P A BT AR A T BE A A A (X)) AT R, 2005 4R N T BEF T 180 A/km?,
Forp R R AT BT 610 A/km? 5 1077 B NS0 NV EE 2/ T 100 A/ km?, 75988\ 3 AL
AT 7—8 A/km?  RIUMH I T B NS BRALARAT N F O B WY S i TR LR A5 (X)) o

4 itig

4.1 AbERUIEG X N, O HEfik 28 Ak i) 2 i

FRRET G FH 5 m N, O HER B BRI S oh, Hay 7 AR AR RS N, 0 HEot 4k
P A= N, O HEBU BTHRR R T 60% , 45 28400 F v, SO LA DU 2 R 2% 5% 52 HE i B K (B 4) . 2000—
2010 4F- ] LA A M S 2D 627.25x 107 hm? , (HR FHAE S R S8 N, 0 HECE M 32.58 Gg WK 3| T
97.90 Gg, % 5 H7E T4 2 I Hb i s B i 254k . 2000—2010 4F DU Z= 4 85 3 52 10820 T 1311.72% 107 hm?,
7 W0 25 3 2 8 S 5% b 1 it IS e 1 0 s 31,73 U7 b, DU Rl it = 7 ] b e R A e i /(L S it 2 18 4 1
TR, 25 el SR el S b FH e i REURI it A A R MR, PR i 3 R R 2R X N, O HE il ) 3 K sk
R, HARHAS RS N,0 B EN 95% , BEVGA AR 2000 4519 1.66 t/km*BEHNE] 2010 41 2.50
t/km? 5 AT B 2 A 1 TR RR R I et 2 A S TR R B A, S 350 B L B P I 48 A A S R 48 N, O HEROH K it i
K, 591K 1.79 Gg F11.19 Gg.

PRI, S TR R S 0 75, DU 2R 3R S R b HAT S K N, O 8HEYE 7 s s 4548 (X)) T 5, B 48
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W — K R
Br ol GDP R HE R B/ (ke/ Ji0)
50.29—81.19
130.16—142.24
= 360.29

S

— R 7 iRk F

A TR AR (ke/km?) SRR A BRI/ (ke/ N)
102.55—231.77 22.73—44 81
303.63—324.67 64.14—66.28

= 845.77 m 127.50—146.00

B 5 2010 £EAREESE (X) BA R GDP, SALFHMER, BAr Rk A ORHBEEE SR
Fig.5 Nitrogen emission intensity of per unit agricultural GDP, per unit cultivated land area, and per unit rural population in the Yellow

River Basin, 2010

HAERM N, O RS, HU ORI g 5 DR Y 35 2y =CEI 5 B8 it e
4.2 A (IX) B NrgHES

2000—2010 P52 Nr HE 3 = T HARAS (D) IRz () RARE R, M58 & 2510k
SR BT IRR, H i TV I AR AR K (R AR A HRCR R E T 2, MRS | AR AR A AR 5 R
JOE I A M 1 it A A BRI R ORI SR 285 B SRR B LA S A R AR . DU & & R & Gk, il T T AL &
BRI AT PR R N DB HE R

B AR A 72 Y Nie HERO R 3 XA 0 Hi e /K 1 B 1 BRBERZ I | AR T S0, s e e B HL ] i ot
DX [ 25 5 15 e FL ™ E A X T NHL AR PM, 7= A A T B AR, o HsHE £ Bk 4 1l 25 56 11 7 22 F
B R, Tl e AL AR A G NH HER S R R EZ i X PM, TS Y A AT 55, TR, (2019 4R AR
BIELRBC Y S AR SR, U ESE IR 11 AR S e e P, BIRAE N E EEEFERXZ
— BB NH, STk R T 92% , PG T rg  ILZR L0 BT T 5 AN %A AR B A SR
NH, HERC, Ha Ak NH, IS i, 45 (2018 45 [ A S IR BIR B AR ), 0] i 3t 26 7K 75 By Ye ) 2 1
R, B ARG Y BRI R AS R BE HLY T 3, A ALY B 2R IE A R V5 4 A s 5K, Toll
JREAKAEDO NS V 2SI LR 12.4% , AR AE U] F S SRR =R R e AR
HHYIT LA 2006—2018 AERFERE BTG e Al 1 55 YRy i I B4 Aot e it FH N B 8 SR M N BT 1
R K OB R EZ R Y A LR PG A HEA KR Ne JdHETS A8 T, 2025 siE Bk it A
HRHRENTRKER,
4.3 KRB IEE RIS HET 5

Nr-wp Fl NH & B sl A= 7 Ne fEik ) 20, 8 5 i 97% . Ne-wp EZRIE TR AE
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ARG, NH PR FZOk AF S IR, b & & 5250 L LUBR DTk K, AT 1A R B, e AN [ 1) 32 3 A
IR TRk K, 2 B B AR R, PR B T AR A T AN E B AR RE A IR, KR S 2
BEE SRR, AR LI MY 8 1 B ik, R U SCHE R, WSk AR TR AR R 2
FA T B S RS 9 EE ), T e L P LR PEI] 4 2 BB AL IR FE T NH, HE B 51 sk A X 5, A
10%—20% Z 7] , % 4 A4 FiE L A&k A2 LG H STRREER T 30%

AR LA _F 437, il an oo . O-& B AL , P2 m R . B NAMA KB uE il it I & 58 4 5%
M IR A el S A T 0 — 2B 5 i) R A R A i Y L Y BR8N T DX sk )+ B AE
EVTE AL R, B R P A BEAL . QRIS A sRALIEA R . RECRhFREE S0 EInE &
FEMA Wi AU e /I . OB E B BIALR, 180 RAEHE & . FE AT A3 > 7 i S 40 il 500 A sl 2 24
k. OMACBHESIEE 558 R, ARG FE TP AT RO A i S A A7 I AR iU ) - ol
RGN — AR VR , 5 KAk HORE 4 3 3B A b T 4, b R A | PRVE L BB A b s D E B R
Gh EALME) E A B T Z R . QB KILEH, MR ARAR, AF SRR RAE
A H A ST T A R R AR i 08 N SR, e mp A 2 (5 SO X, A B s o IR DX 8 200 et
TN R NS TR CHR S (X)), R W G H R i R R R BV AR L
LAED TR DX R 8 5 KK 2 R Bk D7 =40, AT 25 IR AE TS PN B B AR R X PR AR AR 2540 | R i — 8
TR AN DX, LU AR R R TR
4.4 AHEESH

AR FHHEI B 2 120 24 505 s K B s FHE R R PR 43, TG s K P EUiE 25k A GRS, 28
TEH 7% SCHR , AR — 8 IR ZZ RN E PR T8 i IR 254538 1) 7 VR R BT itk Ne HECR AT AN 1 2 AT
WAL RE it FH i A VR R 10 B AR TE SRS AT E TR E N 5% TH & R ESSE AT e E N
10%—20%"* 5%} 2000 ,2005 K% 2010 4FBm] e aif b A= 7= Nr HE R B9 AR H 2 PE 43 08 18.01% ,19.00% |
19.66% ,NH,, [l AT 2 143 50 13.87% .16.01% .13.57% ,N, O B AT E P53 52 18.64% 16.24% 18.11% ,
Nr-wp PN 22 P53 02 23.62% ,26.73% ,28.59% ,NO,, B AN 2 PE 35l & 21.38% ,20.95% ,20.97% , HiH Nr-
wp FAN A P AR R B T B2 S BN, AR SCIZE B R T s DU 1148 2010 4F- 7 & 7725 NH, HERCE }12.65
Gg, 5/ A5 S R 2018 47 3 & F i & HECR 45 A 25 15% , BRI 45 A v (5 BE g . AR SO,
3AMEGY 4 FE A5 B Ne X HE R B 39 5T #k 43 91 & Nre-wp (69.35% ) >NH, (28.38% ) >N, 0 (2.09% ) >NO,
(0.19% ) ; BR B XV EWI B T & 8 TR 5E M1 R G AR A 1 25 Nr-wp (66.46% ) >NH,(29.54% ) >N, 0
(3.06%)>N0,(0.95%) " L5 A AR 2E A K, 3T BRI 45 A (1K) 16 Sk 50 108 B Aol A 7=
Nr HECER S5 3R 5 Bk C & 2 SCHk v A A5 530 25 R 0% 25 3 78 vl 232 Yu I, 3R B AR SO B 45 R i vl St o
PRIE

5 i

ARSCAKET 2000,2005 K 2010 4F #E 3] i ds Aol A= 7= Ne HEilCE , 4B A FEE A Ne AHEBOIR | 48 7R B A
A GDP A7 AL N T N HEC08 BE AR ARRRAE , Sy BT sl A Ml A 77 i i N 9 HE B LR 27
it , G 2 VR Yt A S OR P 5 8 T e R R 1 S

(1) B 2000 ,2005 K 2010 AE4R0Y AE 7 Nr HEBCE I 53901 2153.64,2449.59 2222.14 Gg; Nr-wp
Bl AR, HJ& NH, (N,0 \NO, s v Rl (X)) e B e 1 Bl (X))

(2) Ab2E U AR & NH, HEBOA fe RO R, LR 2 RS Ak 55 B RSO 37, 4 RO DR BT L 7
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N,O HEBCIR LAVY ZEAE B 56 58 T, TTIRRA T 39%—54% 2 8] 75 1 N 521 P RX 4 5 19 N, O HETi LA
BRI RGEHOR F, TR T 38%—61% 22 H]

(3) BT IR A A GDP ZHECR B MR R 4, 2010 AEHERCHE BE 294 2000 4EHERGR Y 1/3 5 87 4
b T AR R T B RN B A N T RO BE DU/ T, 52 AR IR ARl & O SR B2 ), T VAR AT
Ak GDP LA ki T AR B AR AT N T RUHE RO B 2 B A 5 N Sy N HE 30 o 398 i 0, R b 45 28 R i
JEAS SR B K,

(4) E RIS R4 (X)) B9 A P4 AE LA K N B9 -HE I Y5 RT3 J88 9 F 52 D9 s 1 B, 29 28 5
) B RE R R bR A G SRR FT R AT AR, D R TR AR A (X)) AN R A A 76 2 R
SRR AIHE TR | SR EBORH 7 0 Uk HIE 55 i Xt ¢
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