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Abstract; The impact of nitrogen emission was assessed using ° nitrogen footprints’ to determine the effect of human
activities on the environment. With rapid urbanization in China, city residents are playing increasingly important roles in the
alteration of nutrient flow. Food consumption, as an important process of urban nutrient metabolism, is an important driver
of environmental pollution in cities. The food nitrogen footprints of residents reflect reactive nitrogen emissions impacting the
surroundings to feed the whole population of a city. Taking Beijing city as a case study, the food nitrogen footprints of
residents from 1980—2012 were calculated based on the N-Calculator model. Meanwhile, the characteristic trends and
associated economic and social factors were analyzed. The results showed that changes of food nitrogen footprints per capita

of Beijing residents were consistent with changes of food consumption per capita. The food nitrogen footprints of urban
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residents increased from 1980 to 2002 and then remained between 14.69—22.58 kg (N) per capita per year. The average
nitrogen footprint during the study period was 17.78 kg (N) per capita per year, which was similar to the nitrogen footprint
of residents in developed countries. The food nitrogen footprints of rural residents, decreased slightly from 1982 to 2012,
and then remained between 10.81—15.28 kg ( N) per capita per year with 12.72 kg (N) per capita per year as the average.
Meanwhile, the proportions of food with high nitrogen contents increased in the food nitrogen footprints of both urban and
rural residents. Food with high animal meat contents increased from 27—41% and 10—31% , for urban and rural residents,
respectively. Subsidiary food with high dairy contents also increased from 7—18% and 1—13% for urban and rural
residents, respectively. The food nitrogen footprint of urban residents was positively correlated with per capita disposable
income. Meanwhile, there were negative correlations between Engel’s coefficient, the average number of family members,
and food nitrogen footprints per capita. The correlations between the food nitrogen footprints of rural residents and the socio-
economic driving factors were contrary to those of urban residents. The food nitrogen footprints of rural residents were
negatively correlated with per capita disposable incomes, and positively correlated with Engel’s coefficient and the average
number of family members. During the study period, the food nitrogen footprints of Beijing residents increased 8,066 t (N)
on an average per year. Current food consumption patterns of urban residents contributed to the increasing food nitrogen
footprints of the city, accelerated by rural and external population immigration. Calculation of food nitrogen footprints can
provide theoretical support for residents to change their high nitrogen consumption patterns, contributing to the low nitrogen

development of cities.

Key Words: urban and rural residents; food consumption; nitrogen footprint; N-Calculator; Beijing
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Fig. 1 Nitrogen footprint during the food life cycle
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Table 2 The annual food nitrogen footprints of residents in Beijing

WEUR RASBEWR L kg N Ak RSB EWE LT kg N
R Food category Urban food nitrogen foolprints per capita Rural food nitrogen foolprints per capita
1980 2012 1980—2012 1980 2012 1980—2012
A Animal product 4.03 8.29 7.06 1.50 3.62 2.62
FINZE Livestock 3.28 5.05 471 1.40 2.48 2.03
BZK Poultry 0.12 1.03 0.89 0.01 0.53 0.22
K= fh Aquatic Product 0.63 221 1.46 0.09 0.61 0.37
Zfr Vegetarian product 9.64 8.2 8.33 13.58 6.46 9.26
A Grain 5.77 2.90 3.48 9.39 3.54 6.04
B Vegetable 3.40 4.41 3.97 4.11 2.05 2.75
JRER Fruit 0.47 0.89 0.88 0.08 0.87 0.47
B Subsidiary food 1.02 3.53 2.39 0.15 1.44 0.84
2K Egg 0.59 1.50 1.28 0.13 1.00 0.65
52 Dairy 0.43 2.03 1.11 0.02 0.44 0.19
S Total 14.69 20.02 17.78 15.23 11.52 12.72
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Fig. 2 Variation of food consumption and nitrogen footprints per capita per year of Beijing residents in 1980—2012

BREY YR SR L AL A E 3 iR, ZAER K E R B YT 2 LR
F, MR AR B E5 B 41, 22 B 5 RIS Y AR T LU PR FETE 34% % 63% , [ A A J& B[R] 2%
BWEREIL B R TE 11% 5 44% 2 (8], BRI L) e 34 e 1 S AR 22, (0 LA 2 I s R 1Y) 239% %
43% , 1R 0 R SRS S 5 B ) 00 R0 b B 2 TR R Aok Ak At X S R AR e R R b
P b fa RAEVR IR . At st S5 A A JE R B S a5 i BRI & IR E SR M REBN R E B AL
0 L BIASBT R ARG | TR P R 30 L B AF XA BT B e /IR ARE AR 5 DA 8 IR R AR ™ il AR i 42 B U b
LLBZE LR Rk TRE , 0 3 27% 1 10% T2 419 F1 31% ; 255 W2 55 R 611 9% Lo ] o 2 7 44
K, EH 7% 1% T2 18% 1 13% , AT LA A AW AR & ALtk 2 e R TEAF SR
UK S22 B O, R S W Bt ot 2 b ff o] T8 95 5 5 IR [RI A3 s 35 1 A B2 s T 2%, HR
B SRS 2 T2, T W RS W AP 78

Fy—J5 T, B TR BN R AT X A N O AR A, b T B AU R B KR TR
P& 4), 1980 4F 13.57 1 t(N) /4E—E M) 2012 4F 39.38 J7 t(N) /4, R B4R 81 8066 t(N) /4E,
HBOUE L 1990—2010 4R ARE A A AE S S 2L B ™ R AE 1994 4R )5, R i
R B INP BR T 2002—2003 4F B D S BAE RFFIG K LY 5.66% , JLRTTAE 2009 AR )T
T 1980—2009 4E[AIIEAE 35 J7 t(N) /4R 32 4E e db 5t i o dsk e 1 A AT X 38 fr) £ 0 2RI 35 58 SR AT T Uk
A BN B0 o O A SRAE DX S P R T AN B3 o, SOk R RS B AU R R s T E A e
WA EZE RN E (r=0.861,P=0.000) , M L T IR T &9 R0 SR S8 T s R A Y
23 JbnEREWEEDT SHSEFHTFHLR

JE R BB S T SRR SO P S B AL S R B B R RN R A AR TSR X T R
REYEI AT I, AR CRCA AR R 8L B A F8 40 R E B 5 W) A s 28 A OC

http ; //www.ecologica.cn



36 &

Bxax D&k BHX Bk

Bk SR BEpm%k

BMe

SHEESEEEERE0E S 4 RRRCIRONIRR;

—_—

R F A PR ORRLRRR
L o,

itk

P

| AR RN ER RNy
A T T

=3 = =3
= >N o =
l

(=1
Nl

qqqqqqqq T

T Ty ‘k .’////////////////

e e —

S (=3 (=
v < [aa}

% /swundiooy usgontu pooy yo uontodoid [ig) M B 4 B %

Ay Year

T ( EARNER, TAMEREK)

2]

=A

RTERAENE R T

B3 1980—2012 £k
Fig. 3 Structure of food nitrogen footprints per capita per year of rural and urban residents in Beijing in 1980—2012

AR 2 52

EWINAR AR

AR A

Bt SPSS19.0

HINE]
HIHI

i
?

ik 2 e R

.
F

2012 ¢4t

I AR SCHEEL 1980

S
:}EL

Ko, kA EY)

Spearman Vit

i)

’

=

oF At

PN DE

FEN FBAE S WA e il A

AR S BB B IR T A TR

i

TAAEREMCER, K,

HAGE AN

AR5 NI AT S A B IEA SR SE R IR IR R A B s 4

2% 3 & ,1980—2012 4EEJb R R A B A Ll 5

W R )

UK P IGE T

TS R RO G

4

B

f

K HEEYA

=}

EEp IR
Ja BOAR 5, FE S A SRR IR 28 ORI 2 R EE N 1 BB TE A O 5%

B R ST Bl S =

LI
LA
i

AR BRI
ESRPNLIb-a

5k

i

N

[}

J

€3

Y

Ui

il
A

5, KM EREY

i X R P |

QDR 2

HREY AL ik
g#@lé\

¥

o M

=
==

UL, AT o IR B R

JEH

SN

~

AL

=N
=E0

EW S LY S e b S R DR P S

AR, Sl R TR 5256

"

L] TR A2 2 T A e AR RPN R S 2R

!

FEAAALL,

fblye

E‘
AR AR RE S A E [, AR A

RIS AT AR SR S B

FRIEHYE ] AT,

TH 9 = 25 AR s

Bi

Jlb;f?#;‘
CERW S o S B LA I, AR R I R S Xk B T

A

HIGE A H 1Y)

S
=)

H.

e 7]

§

HI T2 55 A R THA

http ; //www.ecologica.cn



8 1] CEEML A RS T R R AR R S S 2 A — LA AL s A 7

= 450000 ¢ 1 70000

=

Z

< 400000 =

2 § 60000 2
5 g 350000 <
=t 4 50000 8
R 300000 - ;3! =
& s

e &
ZE 250000 | 140000 =3
# & &g
%S 200000 | B
fy s 430000 x| &
= é g O TR ." peagic]
& E 150000 b, Ay Ak ®g
% 8 120000 ¢
=& 100000 E

qc)ﬂ r =}

£ T AU EIEURE ] 0090 S

E 50000 r --a--JUET A AR

g —s— JURURA X A R

=~ O I SN S N TR T T B | N S S N TR NN SN N N NN TN SN S Y N | I N S N | 1 O

1980 1984 1988 1992 1996 2000 2004 2008 2012
AEAYear

B4 1980—2012 £l RERIBRYRABITEN
Fig. 4 Variation of food nitrogen footprints of Beijing in 1980—2012
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Table 3 Partial correlation coefficients between food nitrogen footprint and various economic factors

(LS

Ttem

FIIGBEN FIEL

Average number of family members

WA B & Urban area per capita
L Grain

B3 Vegetable

JR Fruit

F A2 Livestock

BAZE Poultry

JKF# i Aquatic product

g Egg

525 Dairy

i A4 B Rural area per capita
LE Grain

iK% Vegetable

JRAR Fruit

E A2 Livestock

B N2 Poultry

JKF*fh Aquatic product

g Egg

W32& Dairy

B IR AR A ]S BA YRR
Engel coefficient  Per capita Disposable income  Food price index
-0.834"" 0.808 ** -0.347 "
0.721*" -0.683 " 0.322
-0.734 " 0.705** -0.346 "
0.017 0.067 0.191
-0.858 " 0.847"" -0.387"
-0.810"" 0.827"* -0.396"
-0.850 " 0.857*" -0.413"
-0.088 0.144 -0.190
-0.907 ** 0.843 "~ -0.219
0.766 "~ -0.865 " 0.023
0.903 "~ -0.983 " 0.174
0.792** -0.823 " 0.276
-0.850 " 0.954*" -0.312
-0.655"" 0.718** -0.371"
-0.862"" 0.980 "~ -0.173
-0.860 ** 0.964 " -0.271
-0.861"" 0.879 " -0.289
-0.821"" 0.863 " -0.367

-0.829**
0.662**
-0.740**
-0.065
-0.830**
-0.816**
-0.838**
-0.142
-0.849**
0.864**
0.983 "
0.822"*
-0.954**
-0.721**
-0.980**
-0.963 **
-0.879**
-0.863**

% FORH WKV H=1%; *

FRH B EHKT=5%

PGS R AT AU UM S B U 32 AFRIGIRZT 36% , MHE[E 1970—2007 4F 37 AFH4 1R AL
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P 32« 0 ] B P A 8 4 IR S R B30 N SR 0] | 381 2020 4R 46 50 A H UK 2 3000 J7
PL b 3T X s e AU K 1 60.5 J7 t(N) /4F | FE 10 4RV B S 37.5 T3 t(N) /ARG IT —£% . "I UL, ok
et DI A R AZ R I R o BRI Al N DGR K A R T, A kB B B 2 45 4
FRFE AR T2 P A W 77 sRAEFEAPRRFE LT LIl AN B &L 308 i JC BRI, X (IR i A
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Table 4 Annual mean food consumption of nutrient balance of Chinese resident and the resident in Beijing

T BV T AR ) 2 AU R P AT S R AT 7H B
jeg/ Sl . ) :
Food cat Annual mean food consumption Foodconsumption of Foodconsumption

ood calegory for nutrient balance/kg urban residents/kg of rural residents/kg
A Grain 91.3—146.0 77.5—166.9 102.3—271.6
BiZK Vegetable 109.5—182.5 146.5—274.1 88.7—223.9
JICR Fruit 73.0—146.0 25.4—67.4 4.1—46.7
BEW Meat 18.3—27.3 20.6—46.7 7.6—19.3
IKFE Aquatic Product 27.4—36.5 5.46—21.6 0.8—5.7

HH Egg 9.1—18.3 6.43—19.9 1.4—11.1
W52 Dairy 109.5 10.3—67.2 0.3—14.6

ARG E RIS R TR AR MAS BRI 25.98 kg(N) /4P, dbat 5 M
e R N R, L S B R 2 7 K R s IR — Dy T e R R 2 I W R I A B TR S AR SO ],
YIRS T B YTH SRR S WA e LI AN B A A T S v R BE TR U 0 (FLERIA
FEREB I 25%) o ASCEAG I YL Stevens B2 BIAL Tk HA B AU A1 R TR AU K
T4, A A ARSI T RE VR LI , SO Ak Ty 2 0 25 SR 5 T 10 A 5 o9 — 5 T, AR SCR FH 96 [ 19
PR T, A T IR E T B A [ & AR = i B i i — 2o S50 I B AR AR R TR 2R R IR
RFPER AT R A A P AR SRR R 248 00 5 |, BT AL P55 04 3R RS B 36 [ 58 3
T T 30 Ak B S RAIE A FH STk, s ol B ) A A o SR B o R v U i R b e B AR T
X S EUN B R T RE LIRS/, IR, BT B T RAE SR AR BN SR AR ST R, A
SCH Rk AR R R RE YT %, DXt b i N34 B XS R AR A A R SR B T,
R R IR2E £ R [ T REE S AT T A S B G HEE  BE Ge T 2 AR AR W — D RS ik
A EPEA BT 5% . WA SCEE T A, JL 50T 1980—2008 4F 34 Ji R ) UL 305 M 15 kg (N) /AE 84
F 21 kg(N)/4F, SR AR5 0 [a]— w0 S S LB AR IEE 16 kg(N) /4F % 22 kg(N) /4FAH

UL, BOARPRSE A AR R —RE S5 1, I W AE Dy BRI A& SO0 R i i 7k B
4 #ig

AHFFE R GE 3T AR & SCEREERE, 78 N-Calculator FYEUE R HHEAEZE R , XL 5t 1980—2012 4E &
REWRE BB Z SRR L B 747 T 286500, b mikE s R A EW A 27 14.69—
22.58 kg(N) /AEZ a1 5l SF44 8 17.78 kg(N) /4 &b g R A &Y 2 2 7E 10.81—15.28 kg(N) /4E 22 [8]
Wedh 328 12.72 kg(N) /4F Hoh R s R E Y AR 842250 & 3k B 58 ATH 50 KF- . Wi 2% it R 2
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8 SOl AF RS REW RS A OB — LA sT e 9

A X T B B BRI A — RE B REA I 2 i BB ) R B A AT e AR R | B A2 B TR AR ™
il S5 28 B AN B SR FE B AR, 3R By PR B R LA R s b, s R U i 5 N
Py SISO S TEAE DG, 5 S R R BRI G E N B DG . b e R B U2 0 5 45 T A G G
NS HTE A . BEE R A AN DD 3, JE 5t D i )RR IR A4 L 24 8066 t( N ) /4F B KU
GRS I ORI I RS S BRI TR 4 R R ORAS 5 BRATR ZRU06 £ J ol 2 DX S 8 4 K )
feo BeAh, T s ARSI GETHEE FIAT 5 rb [ SE B 0 09 HE P R0 H 78k =, X bt i B Rl Tl X3 £
YRR R T AEREYE , n] e A 5 A5 R IR

5 RE

R R RIS e A S R G R Bl B EDR A p P A e T R R R I 2R L
B R AT AR S 250 T I ) RS i B R SR S N B T AE S R S A
A, B RSV S I, FAT, o E ST R AT D, ARSI AR T AR 2 AR
REY R, FAHAA LSS 2T N TR AR, B TG B mS 8=, 5
KT R AT MERE R ZE R AR 22N | DN A SCE AT DI D3 R UV B — N BE S % sk T
H A 1 0 ) B ) R UL SRR IS, A R T B e ) R S A B A 0 B T Ry A i S U A
Ky DB R RGR B RIS, S8 33T AR AR RHRL I 1, DL — B ERf T S RE IR AR 2 . H AT, 2
AR A 16 P AU BRI B2 AT S R R SR B d Al Ak 2l v i 45 IR S
PRERA A BRI AN 755 . BIAMSAFIEAL I 1, AR 25 A5 R e 4 D E 58 H AR P A, XA
A5 AT LA SRR 38 A9 1O P DA I T )5 B 0B o BEAE o 80 A i SRS P, AR REAM b | sl S il 5 v
THULH) N-Calculator #EBURIFFEA NGURIE , 76 STk ii AN IR T 50T, 3651 RAR U, 2R A3
A 5 AR, B RS S XU
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