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Study on Spatial-temporal Evolution and Driving Factors of Ecosystem Service Value in the Yangtze River Delta
Urban Agglomerations. MA Wei-bo', YANG Fan®, WANG Nan', ZHAO Li-jun', TAN Kun®, ZHANG Xiao-fei'",
ZHANG Long-jiang" , LI Hai-dong' (1. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment ,
Nanjing 210042, China; 2. Department of Ecological Environment of Shaanxi Province, Xi’an 710004, China; 3. Key
Laboratory of Geographic Information Science, Ministry of Education, East China Normal University, Shanghai 200241,
China)

Abstract: Urban ecological well-being is increasingly concerned these years. Exploring the driving effect of ecosystem
service value (ESV) of urban agglomerations has essential reference significance for improving urban ecological well-being
and human settlement health. Taking 27 cities in the Yangtze River Delta Urban Agglomeration (YRDUA) as the research
object, the driving characteristics and driving path evolution characteristics of 10 indicators of human activities and natural
conditions on ESV were explored by using random forest (RF) and structural equation model (SEM). The results show
that; (1) During 2000-2020, the overall ESV of the YRDUA decreased first and then increased. Its spatial distribution
pattern show that: the highest in key lakes, wetlands, and water systems, followed by hills in the south, farmland in the

north, and the lowest in the built-up area of the urban agglomeration. (2) There is a strong spatial aggregation mode of
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ESV in the YRDUA. For example, during 2000-2020, the hot spot effect of ESV had risen remarkably in the contiguous

areas of Yangzhou-Taizhou-Yancheng, Changzhou-Wuxi-Suzhou-Huzhou and Ma’anshan-Nanjing, and in the coastal wet-

land of Yancheng-Nantoug was very remarkable. (3) The driving influence of water area in the YRDUA on ESV is greater
than other factors. SEM shows that the driving factors explain the changes of the ESV in 2000, 2010, 2020, and 2000-
2020 through direct and indirect means in different degrees of 85%, 84%, 83%, and 72%, respectively. It is found that

the changing process of cold and hot spots of ESV spatial aggregation in the YRDUA reflects the evolution characteristics of

urbanization in this area from the side, the water area drives ESV in a very significant and direct way. In addition to the di-

rect way, forest land area drives ESV through an importantly indirect path. It is suggested to consider the direct and indi-

rect driving effects of all factors comprehensively and improve the ESV of urban ecosystem from the perspective of integrat-

ed development of urban agglomerations.

Key words: ecosystem service value; driving mechanism; structural equation model; urban agglomerations area
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BAE RGNS W 16 (ecosystem service value,
ESV) , &A1 ESV 28 [l REAE AT $2 4 X 7 A= & R 40
IR 45 (R AR A 530X fige R B R 2 R P SR T 2 S
]S SR Bl 2 A7 A S #E L D, R R I T
ESV BRBfAL W X T 5 i 2 ik 3ok i AR 28 P 55 [R) A
23 AR AR AL A T st TR
T3 R RO BE A 25 Ak RN B 5% g e EL A i %2
R =0 G

ESV 32 31| 142 25 2 G0 N B8 AN S0 A4 1 4 B ) 4
S, Ho, AR EOR A RGN, X ESV
AR AR, WE5E K B, A0 5 41 R K
SRR TS M A A A B0 A 2 ORI L b Y
23 [V RFAE AR XS ESV S Z 2 M vl LUSY
e e ORAE ) BKRE ) FIPEY) P S 2 R AE S R
GefRss 2 o Tl B 26T R AR 25 PR B 1 52
FIREIR , N Ry PR A A ok i 2 RS,
iR FHAS AR S e T N R R R K
WIS RS N ERE R, B2 ESV 21k
SCHERZA PR 2R 5 N IFV95 BE L 28 U R R /K- Rk Tl Ak
SN EEANFRE EX ESV WA w2 R
T, B A5 6 5K 2l R 22 A A TR R 4 T, X 3K 5
RAEMTFIEIE AT A 12K 3h 7 % 0F 58 J7 1,
Pearson FH ¢ R EUHE A1 1 A2 1t (] A AH G 4 , (H AN g
T WAz Sk 1] 1) B X1 2R 5 1) 5 A% S 11 0 43 5 12 A
REJHEY A2 22 [ADAH AR I OC &R , LL 2 T I i
JEE AR BN R R AR B M, PRI, H AT BF
FUM ANBE I B ESV #5520 [H] 28 22 8] i AH B4 oK

AR KRN ESV I B HE 5] 3008 T 1A T
45— HESR T HEA T 12 00 B2, 30K 2 ) 42000 1Y
T RIS A DR AR

KL= IR T #f ( Yangtze River Delta Urban
Agglomerations, YRDUA ) J&H E B0 1k & J&& Fnsm i
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1 #REFE

1.1 FFRRER

K=MK = A — IR R R O IX 7
TATLAE Z 17 18 i B S5, AR RV = A U X
AR SRR L) T AR i VLR
AL T CHON IR R R N BT R
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Table 1 Land use data of the YRDUA

BRIZR . [RIE, TR s 3 i A 385 4 1) 285 44 Ja)
FUARAE, A 25 FH b2 R Bl ESV AR Y 51 2 52 ) [
FT R 4 - P R A b e K 38 e R
GRS AT, N BB s B
ok 7K R 2 L 8 32 kg i RO Bl PR 2R T A e 4
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FHES . GS(2022)4739 5
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Fig.1 Spatial distribution of the YRDUA

I HAY T km?
Bt piS:i Hih HEA M L Kk NI AR s it
2000 12. 14 6.23 0.59 0.02 0.18 1.77 1.30 0. 00 22.24
2010 11. 60 6.20 0.61 0.02 0.13 1.78 1.91 0. 00 22.24
2020 10. 42 6.17 0. 60 0.02 0.11 1.96 2.95 0. 00 22.24
R2 KEAWTRHESRERSENHE
Table 2 Ecosystem services driving data of the YRDUA
el FEAR AT/ BT K RE Bk
AW NOBE/(JTN - km™?) 1 km https : / www.worldpop.org/
PTG/ (W » em™ - sr7!) 1 km https : / dataverse.harvard. edu/dataset. xhtml? persistentld = doi ;
10.7910/DVN/YGIVCD
- 3 ] FH S5 B AR R K BT AR ) /m? 30 m https : // www.globallandcover.com
PM, W/ (pg » m™) 1 km https; // modis. gsfc. nasa. gov/ data/dataprod/mod13. php
AREE  mE/m 30 m http: // srtm. csi. cgiar. org/ srtmdata/
YR/ (°) 30 m http: // srtm. csi. cgiar. org/ srtmdata/
IR REE/ (km + km™2) 1: 10 000 https : / www.openstreetmap. org
IH— bR 5 (ND V) 500 m https : / modis.gsfc.nasa.gov/ data/ dataprod/mod13.php
%7K/ mm 1 km http ; // data.cma.cn/
Mo E/C 1 km http: // data.cma.cn/
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VICS:z"(iAi.Ei,}'O (1)
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L) PV M ES RGBS HE, T - a5 K,
N RS RGBS j R R GRS ME R
B0 - hm™ - ay A RS FAES RGRAITA,
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BARBITHE R, BAHBRWARES R
el AN E A R - WA 7 Ik 55 504 19 1/7, BRIl
BAThRIE S K AR
1 T

E:7‘}o (2)

R (2)H, E R AR E = B AL B E, T -
hm™; T AR XM E BME, J0; X MR XA
FEM AL, hm?  PE— 2K A 0F 1R NPP

x3 KEAETHEMERESRENESE
Table 3 ESV equivalent per unit area in the YRDUA

K(3) ~ (), A WEBRGMRS S0 X & IE
R0 B, AT NPP Bl ; B K =M
BBRICNPP g - m™ - a™'s E, WS j RAEBREL
M KB E S A S R GRS M Y5 B, N5 )
REBRGEEEHESRGEMS M, 06 - a7
J=1,2, - 8 R B W A | JEORHAE 77 AR R
AR IR | R R IR AR AR
AR e 22 SO IR 55 . #E R NPP %) 8 Fil
EBRGRS M EH R BT B ITEIT IR
A Ao A K it A e K 9 T A 2 R K S A
S 2 Ak e AT 80T, 2000—2020 4F K = £
X ARAEDFIAE AN 1 047. 24 J5 hm?, %07 S 7
H M3 465. 93 12.7T, W45 31 B ] BURR 6 7= B 1 48
TN 4 727.96 JC - hm ™, WSS 25
XA ) = b A A= 2 Bl 45 D RE MM B 2 | (6 3)

ME/(JC-m?-al)

— G 7Ty " — ; ; i
- Ik EIR PN AR Rt Kk Wit
feehmss  wdre 772.91 176. 18 215.96 107. 98 289. 84 454. 66 0. 00
JFoRH A = 51.15 403. 51 318.26 244.38 284. 16 130. 71 0.00
KBRS -2238.22 314. 88 263. 82 187.23 2204. 17 7 055. 06 0. 00
MRS AT 630. 83 1335.55 1119.59 801. 33 1 079. 81 437.61 11.37
A 323.94 3995.29 2 960. 95 2 403.99 2 045.95 1301.45 0. 00
i IRTS: S 96. 61 1 130. 96 977. 51 727. 45 2045.95 3 154. 17 56. 83
IKSCIEAY 2 314.81 2987.13 3 250. 95 2 850. 96 20 620. 52 87 009. 59 25.53
YTFERS  LHEREE 4.26 1216.98 1021.24 731. 89 982.94 395.73 8.51
EIRSEISAN(TEIN 107. 98 125.03 102. 30 73.88 102. 30 39.78 0. 00
YR A=W Z R 119.35 1477.63 1 238.94 892.26 4 472.68 1 449.22 11.37
ARSI 51.15 647. 88 545.59 392. 14 2 688. 15 1074.12 5.68
it 2234.78 13 811.01 12 015. 09 9 413. 49 36 816.48 102 502. 11 119.29
1.3.2  BEVLARAK Clx.y) 1[ ¥ ( Py
o s . TN X,y i , Yi T Yk
RF J&—Fh 85 5~ 73k | e 78 40 45 ’ N, i€ Xien '

AR RS R ST AR Y L g —A RF
ARG Z 9325 B ( classification and re-
gression trees, CART), CART J&—/> . XA
HAZ RO RIS BRI E A A #E  7E RF
FAMR CART 15 i [ — 73728 RIS i B4, SR s
HRAE V) EN G5 s A 2652 0 Je A V)1 A2 1 A )
F S ER G A M 45 RS B e A, ZE$E RF
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e 2
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KO H, v Do PER; v N« B3 UIE; N,
NI INGREA R X, Ay (y, < y) Y
BHRGE X i My (y, > y) DA EERSE 5, A0
g TTINHN X FUX B

[F B, RF 38 3 4% 7b 1% 22 (out-of-bag error,
00B) FEASKAL TS e i F 2 THRE AN
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vyt (6)  ViseSEM LIUSCHSNBISEM. BHHAGG T,
var,) = — | v
L n & M Chi-Squared , Chi-Squared/ P-value , Fisher's C

H(6) H, I (var,) KA @ 1) EE, E; A AR P
CART, "8 ¢ AR T3 1R 255 £, AR
CART, 78 4 i H AN M7 TR i 2%
n & CART %ig, 10 TGRS A Z X ESV i [ 9 fi
FBEFEIE R RF Pkt e 8e, )7 2% var R REREE N
RF PRI B GE 71, fie K 100% 5 R I(var,)
R BREN R E X ESV R X BB
1.3.3  Z5tgJr fs

SEM 5 [a] 5437 i) 2 2 X ) &7 SEM i, A
Wi )07 745 g ([0 U B R ) PR R o) 3 R DA Ry H:
At g iy A5 e TN AR (A2 ) HRE 2, SEM A
BT ZAAS i 2Z ) ELA AR 22 00 PR G &R o
R A i 7 Sk (AR ) T 1) SRR B A B R G
RIS BRGRT J5 22 -V 25 19 SEM M L,
4yBe SEMPPPEA LI 3 A (1) B2 Ay
LAMEREARV A A B — R — By R R 455 (2) fif
Shipley 43 5 K6 56 4 A 5 AR A Hp U 75 BT AT B 428 5
(3) ffi 1] Akaike {5 B HEN] (AIC) 2K HLHHREAR AL,

K4y BE SEM BT 10 T8 b5 X = ff 3l it 1
ESV [8R2 # A% , [F] B 1 2% 5 LAAK Hb [T FLRT NDVI
Sy AR [ 3 0K 5 ESV BT . 0 R R
BRI FIEL A4 A Y | X6 3K 50 R 2% A B 3l i A2 0 45
FRUEAL AL B, J5t 2% ] Shipley 43 55 K 36 745 43 B

Fisher's C/P-value AIC Fll R*/E AR BIKG 5648 b5, FL
H1, Fisher's C Ku 36 fEAIK T & 3 7K (P<0. 05) &
BB S A —2, N T LAE 4

2 HRESH

2.1 K=RAEHE ESV B =4I
2.1.1 H=EARfk

Hi 2% 4 A%, 2000—2020 4F = M T #E ESV
MR TR LT AR e B 2000 41
24 508. 53 /270 FF& 5] 2010 4EAY 24 285.57 127,
- ETFZE 2020 4EAY 25 217. 34 127C,2000—2020 4F
ESV #& R340 708. 81 427C , 341§k 2. 89% , 2000—
2020 4F  WF5E X B WA 7 RORk AR P AR R
AT HEdr B W) ZFEE 4R 37 5000 A R 56 2 5t
WA A SR 55 (B 1) 52 T e A 3, i 7K % ARt
SRR ER K SO 2 BT S X
2 TR b RURR L T FRT A T K 3 T AR K )
ek (F 1), BAASRE,2000—2010 4F, 7k SC i
AR 55 M (BT F% 120. 52 427G, 7K B8 AL 2 AR 55 0 (B
T 75. 81 1258, 2010—2020 4, 7K SCHE T FIK %
PEAELE IR S5 3G 1 096. 2 1278, S % 4K ESV 4%
PANIUES T e

F4 2000—2020 ER=AEWHHESRERSNME(ESY) THhIER

Table 4 ESV changes in the YRDUA during 2000-2020

Jp— BV T
2000 4F 2010 4F 2020 4F ESV AEfk/AZIC ABWE/% ESV AR/ALIE AR/ % ESV ARL/ALTE AER/ %
T 1137.67  1095.22  1011.77 -42.45 19. 04 -83.45 -8.96 -125.91 -17.76
A 357.96 353.68 348.16 -4.28 1.92 -5.53 -0.59 -9.80 -1.38
KGRI -805.99 -730. 19 -473.51 75. 81 -34. 00 256. 68 27.55 332.49 46.91
ST 1747.79  1708.56  1635.96 -39.24 17. 60 -72. 60 -7.79 -111.84 -15.78
S AeEH A 3301.83  3271.44  3240.19 -30. 40 13. 63 -31.24 -3.35 -61. 64 -8.70
kIR EE 1463.67  1450.67 1 488.47 -12.99 5.83 37.80 4.06 24. 80 3.50
IR SIS 13 684.63 13 564.11 14 403. 64 -120. 52 54.05 839. 52 90. 10 719. 01 101. 44
IR 1208.48  1201.63  1202.37 -6.85 3.07 0.74 0.08 -6.11 -0. 86
HEFEFR G 222.22 215.91 203. 37 -6.31 2.83 -12.54 -1.35 -18.85 -2.66
Yk 2R 1461.41  1438.17  1435.38 -23.24 10. 42 -2.79 -0.30 -26.03 -3.67
Rz 728. 86 716.37 721. 56 -12.49 5. 60 5.19 0.56 -7.30 -1.03
At 24 508.53 24 285.57 25217.34 -222.96 100. 00 931.77 100. 00 708. 81 100. 00

AR (] 2) K, K = Ml Y sl &
ST R FIK R HLIX ESV B, T EB T b X
ESV R, b4 L IX ESV FRyk 2, #B 17 e ik
X ESV ffR 2 M o Aiks /. &l 2 AT, 2000—

2020 A METT S ALES AN T A Fh I AL
B DL N 15 e o O o = i o O TIRE 778 L M T
R T U T AT B ESV R Rk ds, 2
PN 47 M T b0 g A R N M SV A RT3
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0 101.54 197497 7727.27 9996.71 117229 26410.8 63 772.7970

B2 K=fHHa ESVHZE
Fig. 2 Spatial-temporal changes of ESV in the YRDUA
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Fig.3 Different spatial resolution of ESV in the YRDUA

600
500
400
300 g
200 N
100

Moran's [F8%%

202044: = 1 1 1 1 1 J

— 20104 ——»
20204 ——
20004F ————

@ 20104 /—=—
20204F ———=—1
20004F /— »

w0104 — »
20204F — »
20004 F=——

< 20104 (/=3
20204 F=——
20004F =31

© 20104E 2

23 0153 B km
[ Moran's I; A Zi54y.

2.1.3 B

LRGSR R A AR ) M HE TR R i
5 km Z3PERAVE HFSEIX ESV SRS /0HT (23 [6] BAC
& 4 AT, 2000—2010 4, 42 PR T Rg &6 b N T Ik
B TS T X SR TS e
T IX BT 5 -5 150 0 A 24 4 3 s X LA
KA HBRES ()98 5, R Ll X ESV T R &
PR H 2 () B L A5ONE 5 T  MN  TIG B R A M T R R
X, R AT Sy TSR E SR T X R B
M2 PE FRMN AL BRI FiE AR T B e X, Tk
F3 PRI M T UV b DX B2 ) A 3R 3k 4 i
X ESV A2 B 2 [ R LR, 5 2000—2010
AEAA EE,2010—2020 4F (1] 4) S0 28 0 FER T
e X FhIRA Rl T ESV b A [ R
ARARON Y IR B T M R N T T
DX, TR R TS T 2 g e 1K, R A, S L e T A
B T R i Xl 2000—2010 45 1 23 8] B4 5 4%
R A= A0 A5, BO M T 55080 0 R 4T SR B X
AT T X B 2000—2010 4 Ay 25 (7]
¥ R R Ry s (R IX 3R B 2010—2020 475X 22 4l
X ESV Z8{b 2 URIZUIE 5, BEAR R F ,2000—2020
AR N 2 R 3 T 4 A DX R g A T
TR 5 M T8 | I RN I T M X, R
L8 B IX ESV T3S S0y A6 B3
M 0 il JoHh LA 5 6 NI A K&
G FEBI AR BE 3 AT ALK ESV R R S5 AK



55113

THAREAE A AR T A DX A 25 R U 55 0 () 2 A R R gy PR 3R

- 1371 -
N AR B K =M ESV E RN B 25 1] RARNIAR R B
20002010 X 2010-20204F X 2000—20204F X

H &S GS (2022) 4739%

R

99% 95% 90% 90% 95% 99% 0 100 200 km
W ORRE A
4 2000—2020 FK=FAIETHE ESV TAHE

Fig.4 The changing cold and hot spots of ESV in the YRDUA during 2000-2020
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Fig. 5 Correlation between ESV and driving factors in the YRDUA during 2000-2020
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Spatial-temporal Evolution of Habitat Quality and Its Influencing Factors in Ecological Conservation Area in Si-
chuan-Yunnan Provinces Based on Value Assessment. ZHENG Ke-jun', LI Chen', WU Ying-mei'” , GAO Bin-pin',
WU Yan', LI Chan' (1. Faculty of Geography, Yunnan Normal University, Kunming 650500, China; 2. Yunnan Academy
of Social Sciences, Kunming 650034, China)

Abstract: The responsibility of maintaining ecosystem circulation and biodiversity protection falls on key ecological func-
tion areas. It is of great significance to reveal the spatial-temporal evolution characteristics and influencing factors of habitat
quality in key ecological functional areas to maintain regional ecological security and promote the harmonious development
between man and nature. Based on ecosystem service value (ESV) , habitat vitality and habitat threats, a habitat quality
assessment model was introduced to analyze the habitat quality in ecological conservation area in Sichuan-Yunnan provinces
from 2000 to 2018, while using the geographical detector model to quantify the impact of natural and social-economy fac-
tors. The results indicate that; (1) The overall level of habitat quality in the study area showed an upward trend, particu-
larly in the southern part of the study area. The habitat quality grades were mainly at medium, higher or lower levels, while
the trend of which was either from lower to medium or medium to higher. (2) 45.97% of the study area’s habitat quality
was at stable level, 43. 46% showed an upward trend, and 10. 57% showed an downward trend. Priority should be given to

the latter to avoid further deterioration. (3) It turned out that natural factors such as altitude, temperature, topography and
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terrain, and the distance from waters, exerted primary influence on the spatial-temporal transfer process of habitat quality

in the study area. In addition, impact of social-economy factors such as population density, GDP, distance from cities and

towns, and night lighting is increasing. Compared with the effect either of natural factor or social-economy factor, the effect

of interaction between natural and social-economy factors has profounder impact. This paper is concerned with illustrating

the spatial-temporal evolution of habitat quality in ecological conservation area in Sichuan-Yunnan provinces, as well as

providing reference for the construction and management of national key ecological function areas.

Key words: value assessment; habitat quality; influencing factor; ecological conservation area in Sichuan-Yunnan prov-
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Table 3 Sensitivity of different habitat types to different threat factors
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Table 5 Area and proportion of different habitat quality grades in ecological conservation area in Sichuan-Yunnan provinces
from 2000 to 2018

- 2000 4 2010 4E 2018 4F
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] 1038 0.44 1 106 0. 47 1292 0.55

= AR U
= A A TR
A TR

0 150 km

| I

B2 2000—2018 £ EETREREEREERTH

Fig.2 Change of habitat quality grades in ecological conservation area in Sichuan-Yunnan provinces from 2000 to 2018
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Carbon Footprint Analysis of Wheat-maize Production System in Hebei Province. X/AO Guang-min, RU Shu-hua,
HOU Li-min, WANG Ce, ZHAO Ou-ya, SUN Shi—you@" , WANG Ling, LIU Lei, ZHANG Guo-yin (Institute of Agricultural
Resources and Environment, Hebei Academy of Agriculture and Forestry Science/ Hebei Fertilizer Technology Innovation
Center, Shijiazhuang 050051, China)

Abstract: Analysis of carbon (C) footprint and related influence factors were beneficial for providing a theoretical support
and scientific basis to low carbon agriculture development in Hebei province. Based on the statistical consumption of fertil-
izer, pesticide, agricultural film and diesel consumption, irrigation power consumption, sown area and yield of wheat and
maize in Hebei Province in 2018, a life cycle assessment (LCA) method was used to calculate the C footprint during win-
ter wheat and summer maize production process, which will provide a theoretical support and scientific basis for the devel-
opment of low-carbon agriculture. The results show that the C emissions, C sequestration and C footprint of winter wheat
were 952x10%, 463x10* and 489%x10* t CO, eq in wheat season, and 899x10*, 588x10* and 311x10* t CO, eq in maize
season, respectively. The annual total carbon emissions, carbon sequestration and carbon footprint of the province for the 2
crops were 1 851x10*, 1 051x10* and 800x10* t CO, eq, respectively. The C emissions and C footprint of winter wheat
were 5.90% and 57. 23% higher than that of summer maize, but the C sequestration was 21. 26% lower than that of sum-
mer maize. The emissions related to irrigation, fertilizer and farmland dominated the CO, emission, which accounted for
37.00% , 31.17% and 18. 69% of the total annual C emissions, respectively. The C sequestration of straw incorporation
accounted for 84. 78% of the annual C sequestration, which was significantly higher than C sequestration caused by chemi-
cal fertilizer application. C emissions contributed by chemical fertilizer and machinery were 49.54% and 43.97% , respec-
tively, and the contribution to cost were both with nearly 40% of the total cost inputs, which are significantly higher than
the contribution of other agricultural inputs to carbon emissions and cost. The positive C footprint indicate that wheat-maize

production system is the source of carbon emissions. The large amount of irrigation water input and the higher nitrogen fer-

Wi EE: 2021-12-23
E&TE . WHbE AP R (20323601D) 5 E 5T S HF &1 (2017YFD0800600) ; T db48 4 bkl B 37 TR (2019-1-3)
@ #(E1EH E-mail: sunshiyou@ 126.com
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tilizer application are the main reasons for the higher carbon emissions of winter wheat. Therefore, reducing the amount of

fertilizer application and reducing water irrigation are the most direct and effective ways to the reducing of C emissions and

production costs of winter wheat-summer maize production system in Hebei Province.

Key words: life cycle assessment; carbon emission; carbon sequestration; carbon footprint
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Table 1 Coefficient of carbon footprint model
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Table 2 Carbon footprint of wheat-maize rotation system
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Measurements, Spatial Spillover and Influencing Factors of Agricultural Eco-efficiency in Henan Province. YAN
Ming-tao, QIAO ,]L'a—jun@ , QU Meng, HAN Dong (College of Geography and Environmental Science, Henan University/
Key Laboratory of Geospatial Technology for the Middle and Lower Yellow River Regions, Ministry of Education, Kaifeng
475004, China)

Abstract. Scientific analysis of the temporal and spatial evolution and impact mechanism of agricultural eco-efficiency has
important theoretical and practical significance for achieving sustainable agricultural development and formulating related
policies. Taking generalized agriculture as the research object, the super-SBM model was used to measure the agricultural
eco-efficiency of 104 districts and counties in Henan Province from 1995 to 2019. The Spatial Durbin Model was used to
explore the spillover effects of influencing factors, and the geographic detector was used to analyze its spatial stratification
heterogeneity. The results reveal that; (1) The agricultural eco-efficiency of Henan Province showed a step-shaped oscilla-
ting downward change trend, and spatially showed agglomeration and heterogeneity. (2) Farmers’ income level, per capita
sown area and planting structure have a positive and direct effects on the agricultural eco-efficiency of the region; the ur-
banization rate and agricultural machinery density have a negative direct effects on the agricultural eco-efficiency of the re-
gion; Farmers’ income level has a significant positive spatial spillover effect on agricultural eco-efficiency in adjacent are-
as; urbanization rate, fertilizer use intensity and agricultural machinery density have negative spatial spillover effects on
agricultural eco-efficiency in adjacent areas. (3) The highly influential factors of agricultural eco-efficiency have been
transformed from agricultural resource factors to social and economic factors, and the influence of interaction term is greater
than that of a single variable. Based on the given research results, it is suggested that agricultural policies should be formu-
lated with pragmatic attention of the spatial spillover effect and spatial heterogeneity of agricultural eco-efficiency, the ex-
change and collaboration of resource factors between regions should be strengthened, and characteristic agriculture should

be developed with their endowments.
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Table 1 Input-output indicators of agricultural eco-efficiency
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Table 2 Description of explanatory variables and indicators of agricultural eco-efficiency
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Fig.1 Trends in agricultural input-output and agricultural eco-efficiency in Henan Province from 1995 to 2019
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Fig.2 Spatial distribution map of agricultural eco-efficiency in Henan Province
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U (o), FTLAF B 28 U 2 T8 20T B 25 ) A
BEAIRLA A B B A0 T fe) [  as e BT
B2 [ AT AR R R I, o 2 2 428 i 4 KU1 2 330
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F3 AEARLESNER Moran's I E
Table 3 Moran’s I value of agricultural eco-efficiency in

Henan Province

FEhy Moran’s 1 FEhy Moran’s 1
1995 0.153** 2008 0.337*""
1996 0.157*** 2009 0.284*""
1997 0.290"*" 2010 0.262"""
1998 0.275**" 2011 0.278***
1999 0.141%* 2012 0.236"""
2000 0.074 2013 0.273***
2001 0.209 """ 2014 0.254"""
2002 0.205""" 2015 0.209 """
2003 0.467 """ 2016 0.200"""
2004 0.297 """ 2017 0.174**
2005 0.209 """ 2018 0.267***
2006 0.363""" 2019 0.103"
2007 0.300"""

sk ok Fllx P PIFIRTE 1% 5% M 10% K- b0 B,

F4 ZTETEEBBEIREER

Table 4 Related test results of spatial measurement model

(DL TR SitHA PH
LM fif )5 435.197 <0.001
LM %2 407. 601 <0.001
R-LM ¥ J5 27.736 <0. 001
R-LM %2 0. 140 0.708
Wald 25 [A]W )5 44. 81 <0.001
LR 25 [Al 3 5 44. 63 <0. 001
Wald 5[] 2 65.90 <0. 001
LR 75 [ 2 66. 18 <0. 001
Hausman £ 56 109. 49 <0. 001
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BUASBEA RS Wi AR 8 X PR AR i 11 5 W 2 B, I
P2 SR R 0053 72 K s 10 25007 43 i SR L3 3300 (1]
TR LSRN, G5 R WK 6,

FH% 6 AT (1) Ak 3800 Rl A Ak 3k
Ve . BRI R] 3254 0 25k 1, 2% B Ik
FEAR KT $2 13 X 32 i X S &P 422 s IX A% b AR A 350%
PSR R 3X 0 Bk 3k A AR (0 A5 A AT K
RIS ik, S B8OE AR T R 5730
N AR TR, Al 228 75 B ML, L 72 3R
15 NN [ i D7 %= R i - E0F 3 [ Vs & 3 )
AR B /D, #F O £ T R, 3 26 52 ) 34 6 12 3

XA B AR AW VR . TR SR A R 1Y
TR A0 AL 0 5 408 4l DX Al A A R A2 B £
[ S0

(2) Ak Jar RENHA AT S IE AT Al A= 255808
AR R IE VR 4 R0 A ] 42 3500 e =
NIE, I RS K- 382 T X 12 4l DX % 208 42 i IX
PV A SRR A KPR, X EEEN
AR B K- T 2 A0 BT 8 H R (57 3 1 4
FRMBAREE" | HRBCA KT 142 i i
B BB A R 5 RS S 3 ) 2 (™ ) fi
A A= SRR B T, RIS, XA 2 5 2R
LN , 23t 2l QB H2 L X 28 B K P32 T, s AR
A 77 S AT T R DX Al AR AR s

(3) 53 Bl i AR (AL B PR LI ) Xof Al 2 25
RORIE AR, BN 358 1E , SR W
BEURAG 4 T30 Al A= 25 3003 1 19k e 7R A
e 55 P i B M T e BEAOY 2R 7 T Sk
LAl FUBALFIBLAAL 19 78 350200 3l 55 4 i o
PE AL 2B AL — 2R, TR RN A i i
F A, 10T BESE DN T R A AL LT e B AR
SERCT AN B L A DG RO

(4) MAELSE XA AR SRR R IEmAEN, B
SN AVATE N SR 3 QA ST BURTE ¥ L AL
3 RS2y (S 7/ R e NTTRSAR: ) [ I A 1 S 42 S
PR, BRI AR TR AR E , &
DAAEWIRERE A S A WA (E A = i R rp i Al
B TR AR ROl T R TS
DEHECE A H T AO AR 2SROR B

(5) HEHEAE FH 5 B X Al A B8R A 5 1Y
U 9SPSR 24 QIVA St B U T v L1 B2V S AR A
F O, R WIAE e P 53 32 4 v F 408 42l DX Al A=
ARG T AR o X2 P A f BT P o R
SIHEINAMY TS Qe HE RO, 7E KA R B 3R 3l T
A8z b DXl T RS A IR 7 xRl AR A kR
FESAE R, FRT, T R A P A 8 5 R O v T
PRATAIY 225 kg - hm ™ (9284 FRR dnfu42 ik
HEF AR AT Bl A R0 NE 236 BEAL AL 75 e fY
PS8

(6) AV AT 8 FEE X6 A ol A 253853 A 1) A
o ELARARN FNE] FE RN 4 B2 B, R IIAOE B
PR 1 2 i X 32 b DX 48 2 e DXl AR SRR
3G A A A £ 0 AL AU AL R B 38 KA
T3R5 sl 7= 2R, A 57 3 T A Bl i
JRAHEBRHE AR 1 AR T AR A A5
R T, IFH, i T A HUAR 5 DX A b 1 3



- 1402 - £ x5 K H B B ¥ %38 %
Ko, T 7 DX el (R LA 2 2R A A i Y 1 X AR HEARFIRZ I

HIUAHREE B 19 52 T 0 &8 4 1 DX Al AR 2SR R i

x5 FRHETTEMERBHEIRER

Table 5 Regression results of spatial Dubin model under different effects

23 [kt TE AR TR

= Ao 5 B L2 AU B 2 L A
In Ry -0.218*"* (~7.52) -0.152*"* (-4.78) -0.183 %" (-5.84)
In Iy 0.516**(8.73) 0.571%*%(6.73) 0.717*"*(8.39)
In Ly -0.035(-1.25) 0.070* (1.78) 0.133**(4.79)
In Syp 0.277***(9.90) 0.253*(10. 85) 0.260* (11.46)
In Ty 0.093*** (6.48) 0.031*"*(1.72) 0.029***(1.66)
In My, -0.130 "% (-4.04) -0.190 """ (-5.39) -0.198*"* (-5.81)
Win Ry -0.179*** (-3.32) -0.020( -0. 36) -0.156*** (2. 66)
Win I, -0.302""* (-3.69) -0.430* " (-4.83) 0.186(1.39)
Win Ly 0.012(0.24) -0.212***(-5.76) 0.024(0. 54)
Win S,p -0.294*** (=6.01) -0. 108 *** (-2.78) -0.073***(~-1.78)
Win Iy -0.019*** (-0. 89) -0.134***(=5.08) —0. 142*** (=5.20)
Wln My, 0.017(0. 40) 0.019(0.42) -0.033(-0.70)
NN EVEEY 0.407*** (18.71) 0.380 """ (17.41) 0.239%*%(9.72)
2R E R 0. 189 *** (35.40) 0.089 ***(35.50) 0.084"**(35.82)
R? 0.070 0. 064 0.011
AR IRAE ~1.58e+03 -601. 850 -487.719

o ow ok Flx SPIFRIRTE 1% 5% 10% /K7 ER R EM; 355 BECT R AHN A i REHTE ¢ SeitHE . Ry IREALER 1o, AR RIA K
e Ly FARM VR, S RV B REEEH | Ty P AR TSR BE , M AR WL B

®6 ET 0-1 4Pz ENELE MR A B & R A 7SR R0 B 3R B B R R | B R 5 B

Table 6 Direct effect, indirect effect and total effect of the influencing factors of agricultural eco-efficiency in Henan Prov-

ince based on 0—1 adjacency space weight matrix

A BN [EEPZ A JSY oA

In R, -0.194 "% (-5.99) -0.248 "% (=3.33) -0.4437"* (-5.13)
In I¢p 0.736"*%(9.11) 0.4437%7(2.93) 1. 180 *** (7. 40)
In Lyg 0.140***(5.30) 0.074(1.38) 0.214** (3. 64)
In Sy 0.259*** (12.20) -0.013(-0.27) 0.246 *** (4.93)

In Iy 0.021(1.24)
In My, -0.202*"* (6. 30)

-0.171"** (=5.58)
-0.100%* (~1.94)

-0.150*** (=5.22)
~0.302%** (=6.56)
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Table 7 Direct effect, indirect effect and total effect of in-
fluencing factors of agricultural eco-efficiency in Henan

Province based on geographic distance weight matrix

A i B e 3 54

InRy -0.249%*(-7.52) =-0.677(-1.34) -0.926*(-1.81)
Inle,  0.898***(11.32) -1.287(-1.43)  -0.389(-0.44)
InLy  0.1247**(4.72)  0.763*(1.96)  0.887"*(2.27)
In Sy 0.247***(11.79) =0.366(-1.38)  —0.119(=0.45)

In Ty -0.055%**(-3.91) =0.351(-1.59) —0.406*(-1.83)
In Mp, —0.220*** (-8.35) -0.393(-1.36) —-0.614"*(-2.16)

sk o Al x SPSIRIRTE 1% 5% 10%KF LR R, 355
B AR R AR B R B ¢ A, Ry IIRBUE R T, AR R
WK Ly J3AN SR B S S A R L | £y AL AR B
SR, My A AL

&8 19952007 1 2019 FRMEFERRE ¢ HHTU
FEk

Table 8 Change trend of the detection factor’s action in-
tensity ¢ in 1995, 2007 and 2019

Ey R X X X Xy Xs Xs

1995 ¢fH 0.076 0.012 0.072 0.023 0.028 0.064
pfH 0.312 0.980 0.336 0.901 0.838 0.408

2007 qfd 0.086 0.062 0.124 0.144 0.139 0.087
pfH 0.235 0.434 0.074 0.037 0.046 0.220

2019  ¢fd 0.144 0.129 0.060 0.022 0.161 0.082
pfH 0.037 0.062 0.460 0.903 0.021 0.261
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X RS X5 0 P ARAE PR X Ml LA

3 it 54EiR

EHRD T R A AR AR S RCR By I 2 A8 Ak
FHGZ W R R . 8 O A 8 X I IT R T AR SC
FE 0 B TANA — el 2 Ab, R
super—SBM A5 RG] T R4 104 A~ X B Al A=
BRCERBI 2 AiA% Ry, LU 8 SCRONAE
IR 4, 5L Ger Bk U AR L, 25 R T
ELSCFIMER , B e, A A AL R BT 4%
A ISl | A2 S & i DN = 23 IV 1B 23 SIS
WAL, 34 3z P b FRAR I 25 A5 8 %k H 25 ] 3 J22 S o 1
HEATERIL, LU Ry AR AR DX 2 o A A 0R 1 B
FRARLHIR R

TR AR SRR AT I E R B, &
AP Y AR B 7 R D R AR
AL AR, BR 97 Sh A ST B # A, HR ik
ABRHE LTSS, X5 LIU %55 T 45—
B, WA A= 7= 2 W eh 55 1 B 1) HLIER A e
Az super—SBM *ﬁﬂ(m%éﬁﬁﬁﬂ?,ﬁﬁ%%ﬁ RGN
BRI ASKFENHAEYG FEEEE B
RIRFE G Rl AE S RCRAT AL FHAR K,
F TR A A A A AT Tl 5 3R EAE 55, 20
PABGEAR Y 1) 55 P55 2 FR 58 A G 10 < P A Al
¥erze,

23 )RR AT 2 B 9 A 118 532 T PR R X A
A= SRR B 2 (8] 8O, BT, 4R R
AT 55 T4 A T REURI A 235 ) o 2 IX AR M A
RCRAFAE 35 1E 1) R0, LA R AR AL
B R X 2 M DX AR A 25 8ORAF A 1 3 B ) B
RN, A& MUK X &8 2 1l X AR M A B OR AP AE
302 T ) 2 [R] Vi 1 200, Sl B A 3R | A N i 5
AR MV AT 25 2 % 408 422l X Al 2B 28 R0 AF7E B
FEm Al A, FRZE RS AN L
SECV BRI AE R B SR FH B A 25 R A R
T AP AR ZRCRAS 18] 5 B ), SRR T R0l AR 25
BRI 2 AR A P2 TG
SR Y S 2R R L, O BRAOID A= SRR B e/ T
e PRl p Ol BE IR R 1) 4 S B TR R

TEARBR— R Ak A2 DL e e gl
P BARAE  S2 B 2 AR 24 N 7Y 5 T, B Al
SRR RS PR O bt 2 B, TR
BIFSE A0 il b, 80ROl SR A% 1) R I 3R B Y A
“ERNBEBET 25 DXl ] 1 T i B YR R 1 A2 U 5 P
VE, LRI EE R 1 25 [a) 200, i T8 () 43 2
ST PERIAEALE  EE DO DG T F A 23 22 B B R
PO AEZSRCR R, FR, 25 XN AR 4 19 B 2L
W, AR XA S JE U GOl 7 AR & [,
AN FR T2 107 TR A AR MY A 205 000 245 4 1 5 D B o
PO AL B BT AR, SR, S HA —E )
SRR FEF A TR 118 1 B b 2% 1 38 K040 1) mT 2R H
P, ARIG IO HIK B A S8, 4 5 B 5¢
HEHRE RS, AW IR PR IR R | LIS SR B 5T
e O E.

S 3k

(1] Jegetk, MR, kMK, A B S £ R & R 788 i o
JELT]. M2~k ,2014,69(8) : 1145-1158. [ LONG Hua-lou,
LIU Yan-sui, ZHANG Xiao-lin, et al. Recent Progress in



- 1404 - A

CR

B oE 538 &

[6]

[10]

[11]

[12]

Agricultural Geography and Rural Development Research[ J].Acta
Geographica Sinica,2014,69(8) :1145-1158.]

XIZRE, 55 52, T 55 op EAO Mo dl 2y 5 5 B L X R
FE ()] M F ], 2018, 73 (2) 203 -218. [ LIU Yan-sui,
ZHANG Zi-wen, WANG Jie-yong. Regional Differentiation and
Comprehensive Regionalization Scheme of Modern Agriculture in
China[ J].Acta Geographica Sinica,2018,73(2) ;203-218.]

LIU Y S,Z0U L L, WANG Y S.Spatial-temporal Characteristics
and Influencing Factors of Agricultural Eco-efficiency in China in
Recent 40 Years[ J].Land Use Policy,2020,97:104794.

TR, IR, MBI, G5 RSB PR ML 0 Al ThT IR B
FRm I R ECE - BRIR S T ,2021,31(2) :61-70.[ QIN
Tian,PENG Jue,DENG Zong-bing, et al.Environmental Decentral-
ization, Environmental Regulation and Agricultural Non-point
[ J]. China
Environment,2021,31(2) :61-70. ]
G ARERIE BREEE] ol sk @A R G IR A (] o
EAL - SRS 3 EE,2019,29(3) : 167-176.[ ZHAN Jin-tao,

Source  Pollution Population, Resources and

XU Yu-jiao.Environmental Regulation, Agricultural Green TFP and
Grain Security[ J].China Population, Resources and Environment,
2019,29(3) ;:167-176.]

XIANG H,WANG Y H,HUANG Q Q,et al.How Much Is the Eco-
efficiency of Agricultural Production in West China? Evidence
from the Village Level Data[ J].International Journal of Environ-
mental Research and Public Health,2020,17(11) :4049.
FRAER, A0, $hA . 3+ DEA-ESDA B4 A= SRR
Felbh 25 3 SBR[ )] M BERE 4, 2018, 38 (3) : 419 - 427.
[ ZHENG De-feng, HAO Shuai, SUN Cai-zhi. Evaluation of Agri-
cultural
Differentiation Based on DEA-ESDA[ J].Scientia Geographica Sin-
ica,2018,38(3) :419-427.]

E)H , SRIET X e B TR AR SBM BTy o [ 38 7l A= 2
BRI 23 AR B R 2 [T Rk B k2 25 4, 2021, 38
(4):486-493.[ YAN Tao, ZHANG Xiao-ping, ZHAO Yan-yan.

Ecological  Efficiency and Its  Spatial-temporal

Spatiotemporal Evolution of Urban Eco-efficiency in China and Its
Influencing Factors Based on Super-efficiency SBM Model [ J ].
Journal of University of Chinese Academy of Sciences, 2021, 38
(4) .486-493. ]

et BH BRI . 1978—2016 4 H [ 4R A 25 A I 23 i A8 K
BT[], M B 254, 2018, 73 (11) ; 2168 - 2183. [ HOU
Meng-yang, YAO Shun-bo. Spatial-temporal Evolution and Trend
Prediction of Agricultural Eco-efficiency in China;1978-2016[]].
Acta Geographica Sinica,2018,73(11) ;:2168-2183. ]

XEE B, Wi H . v A 25 4 Vo i B A S 4 5 XN [T ]
HiFRAH7 ,2003,58(3) :381-389.[ LIU Yan-sui, LU Da-dao.The
Basic Trend and Regional Effect of Agricultural Structure Adjust-
ment in China [ J ]. Acta Geographica Sinica, 2003, 58 (3):
381-389.]

WANG R J, WANG Q B,DONG L S,et al.Cleaner Agricultural
Production in Drinking-water Source Areas for the Control of Non-
point Source Pollution in China[ J].Journal of Environmental Man-
agement,2021,285:112096.

BFRIY-, TR MS. VTV A FH b A S AR B 23 22 S5 B i P 3%

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

O3 BT T G B HEOB R LA [ ] AT B U B
$%,2020,29(2) :412-423.[ HUANG He-ping, WANG Zhi-peng.
Spatial-temporal Differences and Influencing Factors of Agricultural
Land Eco-efficiency in Jiangxi Province: Based on the Dual Per-
spective of Non-point Source Pollution and Carbon Emission[ J].
Resources and Environment in the Yangtze Basin,2020,29(2) .
412-423.]

ZHAO P J,ZENG L G,LU H Y, et al.Green Economic Efficiency
and Iis Influencing Factors in China from 2008 to 2017 ; Based on
the Super-SBM Model with Undesirable Outputs and Spatial Dubin
Model[ J].Science of the Total Environment,2020,741 ;140026.
YOU H Y, ZHANG X L. Ecoefficiency of Intensive Agricultural
Production and Its Influencing Factors in China: An Application of
DEA-tobit Analysis[ J].Discrete Dynamics in Nature and Society,
2016,2016:4786090.

LIU D D,ZHU X Y,WANG Y F.China's Agricultural Green Total
Factor Productivity Based on Carbon Emission: An Analysis of Evo-
lution Trend and Influencing Factors [ J ]. Journal of Cleaner Pro-
duction,2021,278:123692.

IR BRI I | SR AU 3L T Logit-ISM BEAL RS (F) R
U B 22 AT S S TR SRR A I 3R A SRS AT [ 0] o A A
27 ,2012(10) :24-36.

FENG J,ZHAO L D,ZHANG Y B,et al.Can Climate Change In-
fluence Agricultural GTFP in Arid and Semi-arid Regions of North-
west China? [J].Journal of Arid Land,2020,12(5) :837-853.
TONE K. A Slacks-based Measure of Efficiency in Data
Envelopment Analysis [ J ]. European Journal of Operational Re-
search,2001,130(3) :498-509.

ELHORST J P.Matlab Software for Spatial Panels[ J].International
Regional Science Review,2014,37(3) :389-405.

s, PR SRR T B S I P T
TR 30 452 AL AR Y SRR FE [ ] AR 3B 22T 2021, 37
(6):165-171.[ YANG Jian-liang, CHEN Zheng-zheng. Environ-
mental Regulation, New-type Urbanization and Regional Economic
Growth ; An Empirical Study Based on Spatial Durbin Model of 30
Provinces in China [ J ]. Ecological Economy, 2021, 37 (6) .
165-171.]

BASEE KR B P R0 1Ly DX B 3L A 285 B I 25 R i B TR
RRAHTLI]. A S SN BRI, 2021, 37 (6) : 751-760.
[HU Ke-hong, ZHANG Zhen. Spatio-temporal Characteristics and
Driving-factors Analysis of Ecological Quality Change in Qinling
Mountains of Shaanxi Province: Case Study in Liuba County,
Northwest China[ J].Journal of Ecology and Rural Environment,
2021,37(6) :751-760. ]

ZHANG Y,GENG W L,ZHANG P Y, et al. Dynamic Changes,
Spatiotemporal Differences and Factors Influencing the Urban Eco-
efficiency in the Lower Reaches of the Yellow River[ J].Interna-
tional Journal of Environmental Research and Public Health,2020,
17(20) .7510.

LESAGE ] P,PACE R K.Spatial Econometric Modeling of Origin-
destination Flows|[ J].Journal of Regional Science,2008,48(5) .
941-967.

WA, TR, BRAE A B A el A= AR A 5« e



5113

I3 T A A A ROR M BE 25 18] 3 HH 55 R e DA R 5

- 1405 -

[25]

[26]

[29]

FrE 13 AR F 5 X 2009—2018 4E TSR [J]. o E A
A 2R (P 3E0) ,2020,28(8) : 1265-1276. [ SHANG Jie,
JI Xue-giang, CHEN Xi-ming.Study on the Impact of China’s Ur-
banization on Agricultural Ecological Efficiency: Based on Panel
Data of 13 Major Grain-producing Regions in China from 2009 to
2018 [ J ]. Chinese Journal of Eco-agriculture, 2020, 28 (8 ) :
1265-1276. ]

PRV, I B R IR IR T AR SRR A )]
BRIRLEE,2020,42(5) :856-869.[ GUO Qing-hui, LI Shi-ping,
NAN Ling. Farming Households’ Pro-environmental Behaviors from
the Perspective of Environmental Literacy[ J].Resources Science,
2020,42(5) :856-869. ]

LU, BB AN [ 28 5% 2 i 2K - b DXl M ) 4R 24 B LE
[J]. %R £, 2019, 41 (12) ;2296 -2306. [ MA Cong, LIU Li-
ming.Cultivated Land Use Intensity in Regions with Different Eco-
nomic Development Levels[ J].Resources Science,2019,41(12) .
2296-2306. ]

SKMEE 28 WA IEIVEAT, 45 0 R 4 Bt 92 8 R 28025 1 5% )
R BAEAHTLI] P EAR - S5 8%,2013,23(1)
162-169.[ ZHANG Peng-yan, QIN Ming-zhou, YAN Jiang-hong et
al.Study on Impact Factors and Characteristic of Cultivated Land
Resources’ Utilization Benefit in Henan Province[ J].China Popu-
lation , Resources and Environment,2013,23(1) :162-169. ]
TR, JHR 25t A B I A B R IR IR AR B 4 T
PAFIE RS 2 [T ] AR 25 5 R IR BT 44, 2021, 37 (3)
332-340. [ GUO Xiao-jia, ZHOU Rong, LI Jing-zhong, et al.
Spatial-temporal Evolution Characteristics and Influencing Factors
of Agricultural Resources and Environment Efficiency in the
Yellow River Basin[ J].Journal of Ecology and Rural Environment
2021,37(3) :332-340. ]

EIE, D R E 7w 500 g 4 ARk 2 5 A5 Al TR S
PR R MRS : 5T EKC BRI ISEST BT[] 100 g K224
( HSARFR) ,2021,51 (1) :12-19.[ YAN Ming-tao, MA Yu-
ling, QIAO Jia-jun. Discussion on the Relationship between Agri-

[30]

[31]

[32]

[33]

[34]

EEET:

cultural Economic Growth and Agricultural Non-point Source Pol-
lution in Henan Province; Empirical Analysis Based on EKC
Theory[ J].Journal of Henan University ( Natural Science) ,2021,
51(1):12-19.]

XUBRK, ¥ e A 3 22 2 HUAGE 5 W B S AR BOHEN Al Bk HE R HS)
ML AR, 2020, 42 (6) : 1063 - 1073. [ LIU Qiong,
XIAO Hai-feng. The Impact of Farmland Management Scale and
Fiscal Policy for Supporting Agriculture on Agricultural Carbon E-
mission[ J ] .Resources Science,2020,42(6) :1063-1073. ]

Zf T R RE S A R N AR T BRI 5
W[ )] B2 ,2019,41(8) : 1387-1399. [ LUAN Jian, HAN
Yi-jun.Impacts of Drought Disasters and Farmland Irrigation on
Wheat Production Technical Efficiency [ J]. Resources Science,
2019,41(8) :1387-1399.]

ot BH , AU 23 IR A T b I Rl AR 2SR BBt 5 0
SRR ] PR - BRI FRBE, 2019, 29 (4) 1 116 126.
[HOU Meng-yang, YAO Shun-bo.Convergence and Differentiation
Characteristics on Agro-ecological Efficiency in China from a
Spatial Perspective[ J ].China Population, Resources and Environ-
ment,2019,29(4) :116-126.]

MRS (R, S 2. o il AR A8 I B 5 3K 3 (R R
[J].7F E 3B R} 2%, 2020, 40 (7) : 3216 - 3227. [ CHEN Jing-
quan, XIN Meng, MA Xiao-jun,et al.Chinese Agricultural Eco-effi-
ciency Measurement and Driving Factors[ J].China Environmental
Science,2020,40(7) :3216-3227. ]

LI Z J,SARWAR S,JIN T.Spatiotemporal Evolution and Improve-
ment Potential of Agricultural Eco-efficiency in Jiangsu Province

[ J].Frontiers in Energy Research,2021,9.746405.

EIWHE(1997—) , J R VFB N, EEWFTETT 1

HENEFEHIL, E-mail: yan.8910@ foxmail.com

(RERE: TR



SRS 2022, 38 (11): 1406-1414

Journal of Ecology and Rural Environment

DOI: 10.19741/j.issn.1673-4831.2022.0023

TR, A, A, 5 Gy AR BIRAT H S A 7 AR THIRSZ TR LA A . DASEINAE 0UF BB AR 2 SO 0 [T ] AR SRR PRI 444, 2022,
38(11) :1406-1414.

JI Tian-ni,ZHOU Zhong-fa,NIU Zi-hao,et al.Comparative Analysis of Farmers’ Livelihood Resilience before and after Relocation for Poverty Alleviation :
A Case Study in the Relocation Site in Zhexiang Town of Zhenfeng County, Guizhou Province[ J].Journal of Ecology and Rural Environment,2022,38
(11):1406-1414.

SHRARIBERAETRE AN
MEMEnFEEHERER A0

ZRP, AEL Y FFEY D OREE (1 SN S R b R, SN I
5500015 2. A W TR LU Ak A5 PREE [ 5 A S0 0 S B 2 i, S SRBA 5500015 3. [E G MR A SR B IR TR
HARBIE AL, 5N SEFH 550001)

W RAEWE IR P R L X 5 bk R 5 AR P A TR ) S g i R X4 AR P AR TR 0 0 B it
AR RRAE R R B R N, SR 2019—2021 4F 126 T AR T B 1522 BRI 100 3 R AR BN, 5 I A AR T AT Rk
JEARE ST AR TR E TSR X By Mk BT P AR TR T AT I B 6 BT i A P AR TR ) B e R
F IR IR A TR AR . Z5RRW, SN 0T B AR L BT S A P AR TR E T 2 T, 2021
AT E 7 R E HTER T 25. 24% W 5 45 4R b i3RI N2 2 Re J1 >R vPRE 1 > A L 4URR T s REE A TF
R Ak 25 R e 0 XU 07 X 68 1 A6 TR T s i A P ZB THIR B K I O IR R . BB B ST Rl e &
AETHIRE T ) 22 R W 45 AR B R AN ] | £ = A A P A KSR T e 0 LA K e gk o DR TS B ik
A — 2 BT AT RS R R

KR HHRAWT; Ry EIHRE T TR

FESHES. X22; F323.6  XEAFRERRD: A XEHS: 1673-4831(2022) 11-1406-09

Comparative Analysis of Farmers’' Livelihood Resilience before and after Relocation for Poverty Alleviation: A
Case Study in the Relocation Site in Zhexiang Town of Zhenfeng County, Guizhou Province. JI Tian-ni'>, ZHOU
Zhong—fal’z'm), NIU Zi-hao'? , ZHANG Jia-shuo' (1. School of Geography and Environmental Science/ School of Karst
Science, Guizhou Normal University, Guiyang 550001, China; 2. The State Key Laboratory Incubation Base for Karst
Mountain Ecology Environment of Guizhou Province, Guiyang 550001, China; 3. State Engineering Technology Institute
for Karst Desertification Control, Guiyang 550001, China)

Abstract; This paper explores farmers’ livelihood resilience and its influencing factors before and after the implementation
of relocation for poverty alleviation in poverty-siricken Karst areas, which is of great significance to enhance the potential of
farmers’ livelihood resilience and promote the sustainable development of their livelihood. Based on the data obtained from
questionnaire surveys that were carried out among 126 relocated households from 2019 to 2021, a livelihood resilience
framework was established by introducing the idea of sustainable livelihood analysis, the livelihood resilience of the reloca-
ted households was measured, the farmers’ livelihood resilience and its influencing factors before and after the relocation
were compared and analyzed, and the relevant measures for promoting the livelihood of relocated households are put for-
ward. The results show that the farmers’ livelihood resilience was on an upward trend after they were relocated to the site in
Zhexiang Town, with an increase of 25.24% from 2019 to 2021; the variation of famers’ livelihood resilience in different

dimensions ranks from big to small as follows: learning ability > buffering ability > self-organizing ability; the livelihood
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resilience of relocated farmers’ households is influenced by core factors such as family economic conditions, social securi-

ty, risk coping abilities etc. The potential of farmers’ livelihood resilience was significantly different before and after they

were relocated to Zhexiang Town, with different growth trends in different dimensions. The sustainable development of relo-

cated farmers’ livelihood can be further promoted by improving their income levels and learning abilities, as well as guar-

anteeing social security.

Key words: poverty alleviation relocation; farmer; livelihood resilience; livelihood construction pathway
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Table 2 Livelihood resilience evaluation index system
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Fig. 2 Scores of indicators for each dimension of farmers’ livelihood resilience

P RESIAUR AT I FHARBUN IR REMIRE AR 55 AR S5 BRI AN B R RE ) fg e
01, WIS FREE AL AT S RE ), FE N AR SRR AR P i T e IR AR IR R TS
RGRM M F TR A EIKE B REET M-S RGN PR, A 5 5 15 XU T iy
M TN, ST A i B W a2 ) BB RN, LN X B8 A B e g, XU 1 X E T SR
BOARR BB RE, AP e A THECRE R X T, EH SR H AP RESR I 4 SR s B R o AR b fiE
IR EIBCA 7 IO X IRV, AT R U W\ 2 B K ST PRA A T R 1 B T AR R XU K R A



<1410 - x5 Kk MO OB ¥ 38 %
) LIRS I RE J7 NS HE R E = ) n
?é%ﬁﬁ%{ﬁiﬁ/ﬂﬁﬁbﬁ/ Y ”é%? 7 ELi il D= x SWR . (9)
A 2 B KSR A T T F2E 2 BE ! e
LE N KR ZECAR PN 55 T LS 2 35k R, =Dy +Dg + D . (10)

A AME S5 TR A 2 2] SN FUARR A HLE | &
) e M E BRI T 5 & P S 5 RIS
T, S H IR AL TR P24 2] ik 15 5y bk
FRIT REAE A BN AR P Ak BUE B s R LS,
T B ARG A rp T BRE H A T S R R
2.2.2  ETHRE D1 wEAR

(1) Bdubruift

W FE BRI TR AL AR AR R R | T PR TR b
PR 22 57 2 BB 5 T, SR A 25 T 3 4548
PR AT hR AL AL B AR

R, = (R, -R,,)/ (R, —R,.) o (1)
L (D) R, A LHRFR j IR R, A

G5 j AR EARAE R R, 550 R RBEAR (1 Fe /M

LS NIER

(2) FE AR B 2

AR PR R ) 22 g s ik s, B4y
AT AT 20192020 F1 2021 4E& 43 E 48 H5 55
2 RBOF AT I — AL AL 3| 45 2 & WS R ACE
TR WA A8 AR X B AR B ) DTk AR L AR AR JE AL

FIHRAN
U, = % 2 R, (2)

3)
_ (4)

eI 054
R=3W, xR, , (5)
U, = 3K, (6)
(1)
W;S/isio (8)

H(2) ~ (8) i WURIE 3 b R RIRARIL U
SIS 02 W I s SR K m o6
T B A B

(3) A FHRE S

SR I S 5 TR R Ko
ALV BN 3 AR IRPEA IS L
h AR

H(9) ~ (10) D WHYERE i $565 j WEZAE ;B .S FI L
SIRh el | BRI ST RE ) 3 ANHERE s W o R
o AUEAEL; W NSRS ¢ 185 j BCE R AR S B AT
YR I115358

(4) TTRRBERLRY

AR T PPAN B35 e A RN, S5 T R
PRIZ IR R, DLl R  RESCR " 1Y B M 1k
PO B, IR T ST (BT 5 A B AR Y
R, F,) A8 5 BE (6 HARB 2 AR JHARE 1)
FITTHREE (Z,) S W BTG AR % A P A2 TR 5 T 1Y
SRR FRAR j X AE TR E Ty 1 SRR EE T
VA=W

LF.
_ it
Z.f_ 18
1)

x 100% . (11)

3 H#REHW

3.1 WERIERPEITRE 3T LD HT

Aot = B2 R A R T RS 511y 2 AN 4EIX
[ 126 AV R RE M BIFFENT G, 52 38 B W I He AT
11,2019 .,2020 F1 2021 4F4& ;1 2 e A 11 1E O, AR 4
BRI A P AR TR R HR O Rk vh L A 4l
SURI2E IR ) A3 BT R 5 A P AR TR E T AR 4k
&L (22 3) , K SPSS 24. 0 43 5 22 4T i 5 4
FASAEBERS I (B 3) IR 22 5

x3 WEAWERPETHRENETWL
Table 3 Changes in livelihood resilience of farmer house-

holds before and after relocation

TE YT
Wb RGN fggfp o At R
ZohfiE I B 0.12360.1227 0.1362 0.147 5 0.023 9 19. 34
HALARESH S 0.1797 0.167 9 0.181 5 0.186 6 0.006 9  3.84
F2ReS L 0.0727 0.1133 0.142 5 0.136 7 0.064 0 88.03
AEHRE ST R 0.3759 0.404 0 0.460 2 0.470 8 0.094 9 25.24

3.1.1 HEIMRE T

WET AT AR A TR R8O A3, 5%
TERTA HE, % 5 2021 4F AR R &R 38 B0 K
25.24% ., 2019 44 P AETHIR 2 07 48 B LG R i
K 7. 48% ,3X 2 HH T A A 7 AT A A 5T AT 1)
AT M DX, A T A AR 7, ME L5 AR B R A G
BC, AR S s, g ob | 4L 48U 24 > e T I
o TS Y 2019 4F 4R 2 Hi A 50 v i L it £ o S



5113

BRYAE ;. Gy R FAROT H S AR P AR TR X He AT . LA 0T F L AR B A i B

- 1411 -

FETEUR (A 2 DA 2l AR JUAS () A A7 AR 06 T
3, AL TR R By B, B A T A 3 R AN
2] 2020 4, W A 38 2k A R i BRI
ATTREJI I B, A TR e O WA D AR T 4

90

KgER R, BHRE, BT Fr 2R E e, K
JUREAE > A TR @ AR AL 3 2, R 2%
L HAA M T RE AR DI &, AR TR ik
BUMRSA I S

27

2t 5
70 - 8
R M 8 g H E
R 17+ ¢
gso ; E ﬁ !
E E E ® 12t E
30 - g H SL ! !
° 8
8 °
10 2
2r 35
g 5 30 :
8 8 8 251 : H
g2t | ~ S
&= Ezo- 8 § H
% = g H
3 S N
i | # 157 : g
12r H g e 10 | i
; s - 8
" St ‘
2 ol ® °
WOTRT  20194F 20204 20214F WOTHT 20194 20204 20214
4
B3 MIEMERPEEERNINBER

Fig.3 Internal differences in farmer households’ abilities in each dimension before and after relocation
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Spatial-temporal Pattern and Optimization of the Green Space Ecological Networks in the Ningshao Plain. JIN Ai-
bo, ZHANG Shi—yang@, WANG Xiang-rong ( School of Landscape Architecture, Beijing Forestry University, Beijing
100083, China)

Abstract: Ecological networks with high-quality green space can increase regional ecosystem service capacity and biodi-
versity, as well as support the sustainable growth of urban and rural areas. There is a dearth of study on geographical units
with natural elements as the boundary and unique geographical pattern characteristics. There are issues like strong subjec-
tivity and subpar implementation in green space ecological network optimization. Taking Ningshao Plain as an example, the
changes of ecological source area, ecological resistance surface and ecological corridor in four periods of 1990, 2000, 2010
and 2020 were compared and analyzed. The spatial and temporal pattern of the green space ecological network is analyzed
and recommendations on layout optimization are made in light of the reversibility characteristics and current ecological
source area conditions. The results of the study show that; (1) Urbanization has reduced the scale of Ningshao Plain’s sig-
nificant ecological source region by 20% over the past 30 years, and the ecological space exhibits clear characteristics of
fragmentation; (2)The original gradient resistance pattern was broken by the high resistance radiation layer structure cen-
tered on each city, which significantly reduced the Plain’s general biological mobility; (3) The Ningshao Plain’s green
space ecological network structure shows strong fluctuation and fragility, and the ecological corridor is absent in the west
and east of the region; (4) Four significant ecological sources—Juyu Mountain, Yuyao River ( Ningbo section), Hutou
Mountain, Yushi Mountain near Fenghua, and the eastern coastline section of Hangzhou Bay—have been selected as im-
portant ecological sources for restoration. 21 important ecological sources of river and lake systems, hilly woodland and
coastal shoreline have been added. A total of 132 ecological corridors totaling 985. 8 km in length have been designed. 90

important ecological stepping stones and 252 ecological barrier points to be repaired were screened. Following the optimiza-

KR EH: 2022-05-16
EEWB . FR AR AIEETTFR AR (52008023) 5 F AR BTIRAR IR -2 (5] MUK =37 42 J88 B B 9 1] 2= [l 4% R 5 (20210109 )
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tion, corridor current density and green space ecological network indicators will greatly outperform those from 2020. This re-

search can serve as a guide for improving the ecological network of green spaces in Ningshao Plain and for future research on

similar regional ecological networks.

Key words: green space ecological networks; spatial-temporal pattern; layout optimization; Ningshao Plain
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Fig. 4 Important ecological source change in 1990, 2000, 2010 and 2020
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Table 4 Change of landscape pattern in the ecological core area in 1990, 2000, 2010 and 2020
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2000 13 332 4 255.47 37.35 26 3 650. 93 32.05 12.95
2010 12 090 4 318.26 37.90 29 3719.76 32.65 8.78
2020 13 316 4345.57 38.15 26 3 450. 80 30.29 7.46
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Table 5 Change of important ecological corridors in 1990,
2000, 2010 and 2020

FOEHC  RGEE WA KE/km O WEE
1990 25 5 14 134. 03 0. 000 56
2000 53 7 26 411. 47 0. 000 85
2010 55 17 29 357.82 0. 000 75
2020 51 11 26 411.71 0. 000 88

R6 4NFHTEFREMESMEEMBXIEHETL
Table 6 Change of corridor network structure related
index in 1990, 2000, 2010 and 2020

i WL I 2 i e I 2 3
FE8 (@) 58(B) B (y)
1990 0.74 2.14 0.83
2000 0.74 2.31 0.83
2010 0.83 2.48 0. 89
2020 0.79 2.38 0.86
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Fig. 8 Results of ecological source site optimization
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Fig. 9 Results of ecological network optimization
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Study on Spatial and Temporal Changes of Vegetation Coverage in Gannan Prefecture Based on Different Geo-
morphological Zones and Their Influencing Factors. MA Yue', WANG Lu-cang'@, ZHAO Rui-dong®, CHANG Fei’
(1. College of Geography and Environmental Science, Northwest Normal University, Lanzhou 730070, China; 2. College
of Resources and Environmental Sciences, Xinjiang University, Urumqi 830046, China; 3. School of Architecture and Ur-
ban Planning, Shenzhen University, Shenzhen 518000, China)

Abstract: Gannan Tibetan Autonomous Prefecture is situated at the northeastern edge of the Tibetan Plateau, in the tran-
sition area between the first and second terraces, with complex and variable landform types and very pronounced
differences in vegetation coverage. Based on MODIS EVI data from 2000 to 2018, the spatial and temporal trends of the
change of vegetation coverage in different geomorphological zones of Gannan Prefecture and their influencing factors were
studied and the results show that; (1) Based on temporal changes, the enhanced vegetation index (EVI) growth trends of
the northwestern mountain plateau zones, the eastern mountainous hilly zones, and the southern Mindie Valley zones in
Gannan Prefecture between 2000 and 2018 were 0. 000 8, 0. 001 1, and 0.000 9 a™", respectively. (2) Based on spatial
changes, the fractional vegetation coverage ( FVC) of Gannan Prefecture demonstrated a decreasing spatial distribution
from southwest to northeast. The mountainous area in the northwest was dominated by high coverage, the mountainous and
hilly area in the east was dominated by medium coverage, and the Mindie Valley area in the south showed the alternate
distribution of low coverage and high coverage. (3) In Gannan, the proportion of EVI improvement ( approximately 54% )

is greater than the proportion of degradation (about 37% ). The majority of degraded EVI areas are located in the north-
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western mountain plateau of Maqu and Luqu and the southern valleys of Diebu. The majority of EVI improvement areas are

located in the eastern mountainous and hilly terrain. (4) The EVI influencing factors in various geomorphological zones of

Gannan Prefecture are different. In this regard, human activity factors and natural environmental factors are the primary

determinants of EVI in the northwestern mountain plateau zones, whereas natural environmental factors are the primary de-

terminants of EVI in the eastern mountainous hilly zones and the southern Mindie valley zones.

Key words: vegetation coverage level; spatial and temporal evolution; distinct geomorphological zone ; influencing factor;

Gannan Prefecture
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2.1 HIERIR
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a7 i, a3 [ 20 HER A 250 m, Bl Al 5 i NASA X



95114 5

PIAE T ()t 350 2 20 DX o M AR 78 5 I 2 78 A S HC S i DA 3RS

- 1429 -

HOULI 22 28 £ 48 2 5257 55 (https : / modis. gsfe. nasa.
gov/about/) NE, B X MOD13Q1 it 17 ik
FELT R MODIS HEEE T H M MOD13Q1 ik =
i PRI EVIE B, AR YRI5 XA T B X R %F
EVI P B AT HoRAE IR PO S 455 ) | 4R
JEHEECH RN 2000—2018 4F BRELH A 454F 6—8 H
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Fig.1 Overview of the study area

2.2 WARAE
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) — A~ AR OG % £ B (EVD) J& i AR OGS 15 8
(I o) RO B (1) PIHRAY 22— T8
PR 18, T H: Hp 2538 7 A i 4% ) T AR TE 18T
HIT LR B A R T LR A R AR A
B 6 BE AT A
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2.2.3 Theil-Sen Median #aH#Yr 7

Theil-Sen Median # %<3 #7 & FH T 5148044 i
& EAE B AR A 3 2 W b, Sz e — B st ] 7 371 A
B 7 v, AR SR IR E A 2R
FEA R — € 3 A1 AN 52 S A8 T4 R a0
ZIRE R IT IR Theil-Sen Median # %  #r
TERTHE n(n-1) /2 DERH G BIRERE A
B(Spv) , HHRAN

Sy = Median(l”’]{_jﬁ”) 200<i<)<
2018, (3)
2 (3) Ly Ly AFRHARTC j A i 4 EVIE,
Y Spy>0 B RORAFFM N EVI 21K B Y
Spn<0 I FRR IR EH
2.2.4 Mann-Kendall £;%;

Mann-Kendall 52 FH T FI Wt 3 o 284 i e 146
5 HAL AN 32 DB w A T BB A T
TN —E oA 2 HRARIT

W [ Iy} =i=2000, 2 001, -+, 2 018, 5 X

Z it h
S-1
, >0
Vs(S)
/Z=450,5=0 o (4)
S+1
,$ <0
Vs(S)
/\':FI,
n-1 n
S = 2 Sgn(]m',j - [r:v,i,) o (5)
j=1i=j+1

Ly, = 1Igy, >0
O’IEV,j _]Ev,i =0 ., (6)
- 19IEV,j — Ly, < 0
(n-1)(2n+5)
T o (7)

H(4) ~ (7)), Ly R Ly 3 50 RARTT @ 40 j AF
EVIAE ;n WFRIPSIHC BE s sgn AT s SEit i
Z MIPUEIE N (-0, +0 ) o FEAEREVEKF o
Y81 Z >0, —a/2 B (AR 8 B KO 1 fEIE
BRPERIGFEN v, -a/2) , FRP5TFHI
TE o K FAEAE AR

4 Theil-Sen Median #2373 #15 Mann-Kendall
KB ARZE & Je X B 2 KPR 30 i G 17 B ik
Bl ARRF IR | RE A S0 S e EVI B 25 A8 {E RFE
U T 4 Wi A 8 5 A I TR] P 80 T Y RS A i

Sgn([EV,j - IEV,i) =

s(S)y="

T IEANLELE Sy 085 T 0 B X8, Br LUK
-0. 000 5<S,,,<0.000 5 Y Xk L 53 R Fa % X, ¥
Sy >0. 000 5 B XK 53 A b X K Sy, <—0. 000 5
B X384 4 AR AR IX , #F Mann-Kendall #5560 7F o=
0.05 BAF KV b0y i 2 P 45 R %) 43 o 2% 2 Ak
(Z>1.96 3 Z<-1.96) IR B EZL(-1.96<Z<
1.96) , K50 45 B B N5 17 50 %%, T K EVI
AL ERR > W BEGE R ROGE AR E R
R A IR AL 5 R RA (1),

x1 HARROSRER

Table 1 Summary of study area classification results

Sgvi VA EVI #a#As 4k
Seyr>0. 000 5 7>1.96 HH fh A3
Sy >0. 000 5 -1.96<2<1.96 G 6
-0.000 5<8,,;<0.0005 -1.96<Z<1.96 FEARTaE
Sgy1<—0.000 5 -1.96<7<1.96 2Rk
Spy1<—0.000 5 7<-1.96 SR

2.2.5 ZIuRMEmIARA

PR i A AR B AR N R R R 3 W] AE
P28 5, L Bl R G B 1 DR 3R U e A AR Ak, 52
MAVAELRE A= A3 A o A ) A A B G5 VR T R
WA R 33 LB 14 A5 3R 40 ik, 0 2 30 3 3R 3 A
B RAT ORI 14, TRl , AR5 3l el LUR)
IS SIS AR A A 10 N7 i A5 ) 33 L A A X
PRSI, AT 52 el T i 32 AR A 1 o AR R A%
JRt ZTndr AR AL A A AN 1 AR A
P AS TR MR I 26 P — D A R 2
A HAR R Z AP R IR, G R i AR Lk
e S B U] ] A3 ot 72 e ARk 3R e v A
R, 204tk BIRE R AT 1 T 45
FroRTal AR X EVI A2 AR 520 R 3R . 22 Je 4t ol
DA TR — A R 3k

Y=o+ Bia; + Byt +Bx, e o (8)
X (8) Hr,y, AR s o DU B i 11T A R 4K
FORTEHAMAZ AL WIFO T, 5 i AN —
AL I S 0 PR S R A s e, 9 BR 22

3 HBREHSN

3.1 HEMNAEMRERKX EVI B ETLER
3.1.1 EVI Afa] 28kt

RGNS S i S SE M X, B Rk 2 75 5
A IRIRT ,6—8 A Sl ik, AafFsE Hra M
PR 5 DX 3 BV B ) A8 PR AR A S HRAS AT 6—
8 H EVI {EX YRR s RS H AT (B 2)
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o2t ¥=0.020 2x+0.489 0

0.66

LR ILE X
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R=0.4720

0.54 ! ! ! '
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R*=0.843 9 R*=0.805 0
0.50 * 1 1 1 J 0.50 L= - 1 1 1 J
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EVI g M4

B2 2000—2018 FHEMARMM AR X ERBEE K FHERTUREHEBERE
Fig. 2 Interannual variations of EVI with its fitted linear trend in different geomorphological zones of
Gannan Prefecture from 2000 to 2018
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Fig. 3 The evolution trend of EVI on the different geomorphological zones of Gannan Prefecture in 2000, 2010 and 2018
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100%)5 A48, f 4l H pg M [ AH B
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57.02%, PEACEBILJRIX (1) M bk 7 o 2R R =800

20004F 20104
’fﬁfﬁgfi’ﬂ N A

vy T ) ML AR A ORI R, DA
Ry F PRI 55 B2 61. 01% ; ZR 7 LUl
B DX () g2 AR AR X 32 DX g 1 O A
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PR o R [ b S B M e ke e, LA SR B
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PRI LA DX (), A ] XS ol 82 ot 2 R A7 A
BORZES  Fovh A R VLT 45 [ 5 0 3t LA B A
i ESSIR S T, i O Lt AR M DAy = (BH 3
AR BASE ARAR) |, LA o 3 i BE R R O 2 XX
B T 53. 37 %,

4 2000,2010 702018 EHEAMARIBRXEH B S E LB = HIEF
Fig. 4 Spatial pattern of FCV types in different geomorphological zones of Gannan Prefecture in 2000, 2010 and 2018
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X, DA SR AR % 1l 48 X (D) (1 e v s, Okl
B R (786. 27 km?) | X AR T H )
AFFEITILIEX (1), &S A R RN
14 10. 62% Fl 4. 52% ; 2000—2018 4F#:{% 7 76 2%

Fz2 2000—2018 FEARHIEXEW B EREBEEIRERASEIT

TR TR A o B R ) P 2 B R 6 AR (270. 37
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Table 2 The grade and area statistics of vegetation coverage in different geomorphological zones from 2000 to 2018 km’

2000 4F 2018 ¥ - =

= BAE G T oY R M LNy
R & — 57.10 10.32 0.17 0. 00 67.59
BARAL 107. 16 — 270. 37 8.07 0.12 385.72
hAEE 7.96 1847.37 — 786. 27 15.71 2 657.31
BeEs 0.32 179. 70 12 849. 05 — 61.24 13 090. 31
[ 0.02 7. 64 589.71 601. 88 — 1199.25
e 115. 46 2 091. 81 13 719. 45 1 396. 39 77.07 17 400. 18

TR A e 2 T A s s T 5 201 5 Bk AR TR AR 42K B A L A A TT AR S, 17 17 400. 18 kPR w5 S TR A 7%

0

30 60 km
—_—

E5 2000—2018 FHEMEZERBZ LB ER
Fig. 5 The conversion map of major vegetation coverage

types of Gannan Prefecture from 2000 to 2018
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Fig. 6 The change trend of vegetation coverage in
different geomorphological zones of Gannan
Prefecture from 2000 to 2018
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S HUNSERIERAL K 3 DR A X S BT Geit
K153, N7 Hb SR DX BRI BT Y 3 S A R A
(EVI_mean) {5 28 & B 742 &8 % AN 1% &
(PopDensity , LB R 1) AAE D48 F i 2 5 L
(NZW _BL, J B NS 58 B RG] 57 FE 4 DX R SR A 8 1Y)
o JIRE ) Wk B % B ( SCdensity, Jz i 37 51
PRI MR & i 5C &R) LF B M B (ST
mean) .6—8 H 44 [ /K & ( perc_mean) F-IIHE
(slop_mean ) I35 MR BE (rug_mean ) SR &K,
FH T 220 0 R A B P ST Ml A% 1 55 B R 1) 5 )
W&,

M2 3 Al T A AR IR 1 22 S N 2R T 3
SR JEE AN ) 33 26 R 2068 H R P A [+ b 35 X484 i A

BEAEEL(EVL) 1Y 520 F2 B AT B 0 X0, B o, A
PR R PE AR L R X (1) Sk, 44 3 i
R R FESP KR WS EVI 287
FHOCOCZR 50 (4 0] 5 2R 2 ( B Beta R 50 43511 0
—1. 051 F1-0. 863 , ] fid Jit PR & 12 b DX AR Y A B
TS AR B, MO KBS s 2, XA B
IR S A R IR 11 A X (I ) e it , He e 4%
2%, s A H P V)RR K, EVI B 52
PRIZR F 2K b FRARE . R & L% 3 3
PISHEgE EVI 2 m O R, DLASR KRRl &,
i Y AR b R X, R B EVIE KT R
K, AT RUE B TR GE e A IX 8, [R5
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®3 HEMNAEMRERRIEBEREH(EVI) B E TR

Table 3 Multiple regression analysis of EVI in different geomorphological zones of Gannan Prefecture

ARBRIEIC R Z L

FriEA IR B R

AR X HE 5 P Beta ¢ B g {H Sig B
LRI (1) B -2.995 3.166 0.051 0.398 0. 001
R -0. 006 0.003 -0. 863 -2.127 0. 100
[k 0. 000 0. 001 -0. 167 -0. 643 0. 555
Yo -0.032 0.018 -3.292 -1.786 0. 149
HhRAERE 3.989 3.286 2.327 1.214 0.292
UNEE:S 0.018 0. 009 1.009 2.027 0.113
A ALY Lt 20. 857 43.523 0.126 0.479 0. 657
Yk F B -0.001 0. 001 -1.051 -2.254 0. 087
AR B X (1) W -0.355 0. 820 0.045 -0.418 0.678
R 0. 004 0. 001 -0. 001 -0. 004 0. 997
[k 0. 001 0. 001 0.321 2.248 0. 030
ez -0. 009 0. 007 -1.210 -1.419 0.163
AR 0. 909 0.879 0. 895 1.034 0.307
UNEE: S -0. 001 0. 001 -1.014 -0.377 0.708
FEFP IR 5 L -0. 057 0.113 -0. 169 -0. 504 0.617
B PR 0.001 0.000 1 -0.290 -1.343 0.186
B EBIR I LA X () WA 1.993 0. 408 0. 087 4.737 0. 001
TR 0. 001 0. 001 0.037 0.187 0. 853
[ K -0. 001 0. 000 -0.473 -2.190 0. 039
e -0. 003 0. 008 -0. 094 -0. 380 0.707
AR -0.701 0. 403 -0.347 -1.738 0. 096
UNEEJ: S -0.001 0. 001 -0. 872 -1.742 0. 095
ARG L 0.515 0. 546 0.518 0.943 0.356
k2 B -0. 001 0. 001 -0.518 -1.966 0. 062

B A HAZ AR T R P R R -7 FoRi% A AR Bl RS A B SR, <+ FORIE RSN, B TR AR A 4 R R
FIRIR), B FF R S LS M P B R/, 0 BB b R B ( Beta) , Beta BB MR KR SEMIBK, ¢ 5 Sig Ji& F A8 it 1) B35 PEAG IR 25 L, ¢ XoF 1o fY
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Estimation of Vegetation Carbon Source /Sink and Analysis of Its Influencing Factors in Hulun Lake Basin from
2013 to 2020. LI Zhao-hui'*, SHAN Nan'*® | WANG Qi**®, LI Wen-jing'*, WANG Zeng-long®* , BAO Sa-ru**, DOU
Hua-shan™ |, AO Wen*> | PANG Bo*?, WANG Wen-lin"* (1. Nanjing Institute of Environmental Sciences, Ministry of E-
cology and Environment, Nanjing 210042, China; 2. National Environmental Protection Hulun Lake Wetland Ecological
Environment Scientific Observation and Research Station, Hulun Buir 021000, China; 3. Hulunbuir Inland Lake Research
Institute of Northern Cold and Arid Areas, Hulun Buir 021000, China)

Abstract: The terrestrial carbon cycle is an important component for researches on climate change and global carbon cy-
cle. Net ecosystem productivity (NEP) is an essential indicator to quantitatively describe the carbon source/sink capacity
of vegetated ecosystems. The grassland ecosystem is an important part of the global terrestrial ecosystem, and the Hulun
Lake Basin is a multi-ecosystem area dominated by grassland ecosystem and mixed with farmland, forest and wetland eco-
systems. The spatiotemporal variations and drivers of its carbon source/sink are of great significance in the study of ecologi-
cal environmental protection and restoration as well as the local climate change in this region. Based on Landsat 8 OLI
high-resolution satellite remote sensing images, ERAS climate reanalysis data and land cover data, the spatiotemporal pat-
terns of carbon sinks of different vegetation types in the Hulun Lake basin from 2013 to 2020 and their differences in re-
sponse to climate factors were estimated using a light use efficiency model and a soil respiration model. The results show
that since 2013, the Hulun Lake Basin has been functioning as a carbon sink, while the carbon sequestration capacity de-
creased, with 58.29% of the regional vegetation NEP showing a decreasing trend and 36. 77% of the regional vegetation

NEP showing a weak increasing trend. The regional monthly average NEP showed inter-annual variation characteristics of
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firstly decreasing and then increasing, with a variation range of 8. 41-16.44 g -+ m”

land ecosystem had the highest total carbon sink, about 37 Tg + mo™"

>+ mo™", In the watershed, the grass-

, and the farmland NEP was mostly affected by tem-

perature,, and the forest ecosystem was influenced by the combination of temperature, precipitation, and radiation. The

grassland ecosystem is concurrently affected by temperature and precipitation, while the wetland NEP is not significantly

correlated with climate factors.

Key words: net ecosystem productivity; carbon source/sink; Hulun Lake Basin; GEE; ERAS
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Characteristics of Energy Balance and Evapotranspiration of Sparse Shrubs in the Northeastern Edge of Ulan Buh
Desert. PAN Yu-meng' , XIAO Hui—jie]@ , XIN Zhi-ming® , JIA Xiao-xiao" (1. School of Soil and Water Conservation, Bei-
jing Forestry University, Beijing 100083, China; 2. Experimental Center of Desert Forestry, Chinese Academy of
Forestry, Dengkou 015200, China)

Abstract: Based on the 2019 eddy covariance observations and meteorological observation data, the characteristics of the
variation in energy balance and evapotranspiration of the sparse shrub ecosystem in the northeastern edge of Ulan Buh Des-
ert were studied, and its energy closure and distribution were analyzed. The total net radiation during the observation peri-
od was 2 758 MJ - m™*, and the diurnal variation of the net radiation showed a single-peak type quadratic curve with obvi-
ous seasonal variation characteristics. Each energy component showed changes similar to the net radiation, and the absolute
value of each item showed the following order: net radiation > sensible heat flux > soil heat flux > latent heat flux. The
sum of soil heat flux was positive, indicating that the soil is a heat sink. The turbulent flux was dominated by sensible
heat, which accounted for 62% of net radiation, 4% of latent heat, and 1% of soil heat flux during the observation period.
The energy balance closure in the study area was not achieved. The energy closures of the half-hour period and daily aver-
age flux calculated by the least square method were 64% and 67%, respectively. The energy balance ratio ranged from
0.54 to 0. 73, and the energy closure was 65% during the day and 20% at night. The total evapotranspiration during the
observation period was 85. 6 mm, which was larger than the total amount of precipitation (79. 6 mm). The daily average e-
vapotranspiration intensity was 0. 36 mm + d™'. The evapotranspiration changed significantly with the plant growth in differ-
ent periods, and the monthly cumulative evapotranspiration reached the peak in July.

Key words: Ulan Buh Desert; eddy covariance; energy balance; evapotranspiration; energy closure
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Table 2 Daily average energy components and major meteorological variables for each of difference period
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Selection and Utilization of Microhabitats by Ungulates on the Earthquake Damaged Sites in Autumn. X/ANG
Jiao"?, ZHOU Tian-xiang"*, GUO Zhen-shan"?, MAO Ze-en"* , HUANG Jin-yan® , ZHANG Jin-dong"*" (1. Key Labo-
ratory of Southwest Wildlife Resources Protection, Ministry of Education, Nanchong 637009, China; 2. College of Life
Science, China West Normal University, Nanchong 637009, China; 3. Conservation and Research Centre for the Giant
Panda/ Key Laboratory of SFGA on Conservation Biology of Rare Animals in the Giant Panda National Park of China, Du-
jiangyan 611830, China)

Abstract: To explore the microhabitat selection and utilization characteristics of ungulates in areas experienced earthquake
damages, a regular survey of 40 field sites affected by earthquake in Wolong Nature Reserve was conducted from the sec-
ond year to the 11th year (2010-2019) after the Wenchuan Earthquake. 10 related environmental factors such as altitude,,
slope, and aspect on the spot were measured. Kernel density analysis was performed to analyze the characteristics of ungu-
lates on microhabitat selection and utilization, and the overlap of niches among species was evaluated. The results show
that; (1) The ungulates with high to low utilization frequency of the sites experienced earthquake damages are Chinese go-
ral ( Naemorhedus griseus) , sambar ( Rusa unicolor) , Chinese serow ( Capricornis milneedwardsii) and tufted deer ( Ela-
phodus cephalophus) . The utilization rate of the earthquake-damaged sites by tufted deer increased with vegetation restora-

tion, while the overall utilization rate by Chinese serow decreased. (2) Chinese goral prefers habitats with an altitude of a-

s B #A: 2022-03-08

ELTHE: EEARRAIES T I H (42071279,31801991) ; [H5K H AR ERE A TG R4 H (U21A20193) 5 7575 55 A4 shid i %R
BN ST S TR A (XNYB19-01) 5 FH AR K 235 4F 2 BHIF 78 BhI0U 2 (19D045) 5 78480 3 K 2 BB 01 357 A BA 3 4: ( CXTD2018 -
9); PHARIRE K1+ )5 8l 34 (20E056)

@ WB51E#H E-mail ; zhangjd224@ 163.com
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bout 2 400 m, large number of woody species, large vegetation coverage and high soil ratio. Chinese serow prefers habitats

with altitude of 2 600 m, large number of woody species, small vegetation coverage, and high ratio of bare rock or gravel.

The tufted deer prefers habitats with altitude of 2 400-2 600 m, large number of herb species, large vegetation coverage

and high soil ratio. The sambar prefers habitats with altitude of 2 100 m, large number of herb species, large vegetation

coverage, and high ratio of bare rock or gravel. (3) A high similarity in micro-habitat utilization of earthquake-damaged

sites was found between Chinese serow and Chinese goral, and between Chinese goral and tufted deer. The overlap in mi-

cro-habitat variables between sambar and Chinese serow, sambar and tufted deer, sambar and Chinese goral is low, and

there was a large niche differentiation. By investigating the microhabitat selection characteristics of ungulate species in sites

experienced earthquake damages, the study may enrich information about behavioral characteristics of ungulate species in

dealing with earthquake damages and support effective species conservation policies and restoration measures after earth-

quake damages.

Key words: earthquake damaged site; ungulate; microhabitat selection; natural disturbance; Wolong Nature Reserve
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Table 1 Geographical conditions of the sample sites

B HEA/m? WHm BE/() Baas(e)
HCP-01 299 2 390 66 289
HCP-02 342 2 420 65 350
HCP-03 495 2 480 40 270
HCP-04 975 2 645 50 268
HCP-05 750 2 680 45 290
HCP-06 1 750 2 660 55 302
HCP-07 7700 2 520 60 30
HCP-08 440 000 2 680 64 324
HCP-09 280 2 410 43 348
HCP-10 4 000 2 390 55 348
HCP-11 140 2 410 45 200
HCP-12 2 500 2 420 40 318
HCP-13 2 100 2220 35 250
HCP-14 7 000 2 380 60 258
HCP-15 900 2 420 50 226
HTP-01 2 700 2 440 60 316
HTP-02 750 2 620 45 252
HTP-03 135 2535 50 244
HTP-04 600 2 405 60 180
HTP-05 9 600 2 040 55 300
HTP-06 300 2120 50 268
HTP-07 25 1 960 45 338
HTP-08 4200 2 400 65 360
HTP-09 300 2 070 50 310
HTP-10 3 000 2 115 45 310
WYP-01 1 200 2 450 55 324
WYP-02 1 800 2 440 55 95
WYP-03 24 2 490 45 90
WYP-04 3575 2 460 60 230
WYP-05 125 2614 57 316
WYP-06 1 050 2 600 40 97
WYP-07 900 2 565 50 90
WYP-08 132 2515 35 116
WYP-09 90 2510 45 110
WYP-10 440 2510 45 327
WYP-11 375 2525 10 348
WYP-12 195 2 570 25 100
WYP-13 25 2 620 35 108
WYP-14 720 2 640 50 116
WYP-15 540 2 560 50 115

BT 2010—2019 4 Hb 72 0 F AR N sh W 1% 3
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Fig.2 Coverage changes of vegetation on earthquake
damaged sites and the trends of their utilization by

four ungulate species in different years
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Fig. 4 Characteristics of microhabitat utilization of four ungulate species in earthquake damaged sites
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Table 2 Niche overlap in microhabitat variables of four ungulate species

PSR PERARSEEE  PERASKE PERASHERR  BERESKE

TSR, KBS PR

%73 0. 891 0.531" 0.872
| 0. 825 0.589 " 0.875
e g 0. 891 0. 795 0. 861
e kAL 0. 840 0.903 0.919
FEYIFI AL 0. 858 0.736* 0. 843
H 1% 5 0.755" 0. 664 * 0. 858
FEARFPEL 0. 809 0.703* 0. 846
ARAFPEL 0. 964 0. 844 0. 869
BRA A L 0.653* 0.680* 0.823
TS 0. 682 0.726 0. 889
GAES 0.817" 0.717* 0. 866

0. 609" 0.928 0.609 "
0.691" 0.913 0.682"
0. 816 0. 877 0. 863
0.779" 0.804 " 0.921
0.761" 0. 827 0.879
0. 884 0.873 0.795"
0.755" 0. 838 0.798
0. 851 0. 879 0.917
0.872 0.797 0. 850
0. 865 0.755 0. 820
0.788" 0. 849 0.813"
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WE: FRF ISR A RSt 78 & N, O HER i 52 mm , LIAE 72 4R Wk (BC) R 5], 38 2 7K 3 32 1 48 Al
HH(WBC) FHZ2M (BCE) , I & SR ik R S iH AL 4 1 ( DB) , SR J5 43 BI7E BC \WBC 5 BCE f1E 41 F, FF R
DB LBRAIEK IRk FE SRR SR (29 10 mg - L) M MR IAE IR G 55 B BUE 7K N, 0 #1 N, 0+N, HE
TR AR SEALFE bR B R A T R PR AR A SR R PR B AR A, SRR LK N, O HEBSE A5E i i
P IEAR A DB AR BRI AH ARE A (N, O+N, HEHCE ) W (LA N 31) 7EH5 5% 48 h iFH B, T DB+BC Ak 31 2 firg
A AR IE(HTE 36 h BT HH L, DB+WBC Ab 34 S fiff b S (H £L 2= 7% 24 h B 1190, H DB+BC Fl DB+WBC 4b I {E
(4390 44 087.79 11 46 826.27 ng - h™" ) HJH . & T DB 4L H (38 097.45 ng - h™') , 5 DB 4L ¥ AH e, DB+BC A1l
DB+WBC AL 3 N,0+N, EFHER R/ 1341 30. 17%F1 2. 86% ,N,0 ZFHENCR /3 /L 83. 04%H1 74. 52% , W
AW ¢ Je ELRR B AR RE R S AL R IR E N, O 385, 5 DB+BC ZbFEAI HL, DB+WBC AbH N,0+N, REHERK
T 20. 98% , FR B AL RS AL AR HEVE FAS B AR W, ARLR  0Y) FL S 5 R B i Ak it R e A5 R AR A
KW RIS BRE; EREL; RASETER; N,0 HE

HESES: X52  XEEEE: A XEHRS: 1673-4831(2022) 11-1464-09

Effects of Biochar and Its Skeleton on the Removal of Low Concentration Nitrate in Water by Denitrifiers. CHANG
Zhi-lin' , WANG Chao—xu]’z@, ZHANG Feng'?, LI Hong-yan'*, CUI Jian-guo'* (1. College of Environmental Science
and Engineering, Taiyuan University of Technology, Jinzhong 030600, China; 2. Innovation Center for Postgraduate Edu-
cation in Municipal Engineering of Shanxi Province, Jinzhong 030600, China)

Abstract: The purpose of the study is to investigate the effects of rice husk-derived biochar and its skeleton on denitrifica-
tion and N,O emission. Based on the preparation of biochar skeleton (WBC) and the extract of biochar (BCE) by water-
washing method and the enrichment and screening of an anaerobic denitrifier (DB) , the microcosm incubation experiment
was carried out to explore the removal efficiency of low concentration nitrate (about 10 mg + L™") in simulated wastewater
by DB. N,0 and N,0+N, emission rates were determined, and the dynamic changes of the physicochemical properties and
the nitrate reductase and nitrite reductase activities of the simulated wastewater during incubation were also investigated.
Results show that N,O emission from the simulated wastewater was entirely caused by microbial pathway. The peak of deni-
trification rate (N,O+N, emission rate, in terms of N) of the treatment DB appeared at 48 h, while that of the treatment
DB+BC appeared at 36 h, and that of the treatment DB+WBC even appeared at 24 h. The maximum denitrification rates of
DB+BC and DB+WBC (44 087.79 and 46 826.27 ng + h™', respectively) were significantly higher than that of DB
(38097.45 ng - h™"). Compared with DB, the cumulative N, 0+N, emissions of DB+BC and DB+ WBC increased by
30.17% and 2. 86% , respectively, while the cumulative N, O emissions decreased by 83.04% and 74.52%, respectively,
indicating that both BC and WBC increased the denitrification rate and promoted N, O reduction. Compared with DB+BC, the
cumulative N,O+N, emission of DB+WBC decreased by 20. 98% , indicating that the denitrification promotion effect of bio-
char skeleton was not as good as that of biochar, but its conductance structure still played an important role in denitrification.

Key words: rice husk-derived biochar; biochar skeleton; nitrate; denitrification; N,O emission
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PR2A R, BRI, HE R A 3o i R A et

R R I B R SR T BN T2
TR/ NO,  FERSFR AR 14 JFL i ( NAR ) 1/ F R 934 S5y
NO,™, SR )& , KUK 5 i R £h 18 JRU g ( NIR )\ — %1k
R S LA S B RGE JE AR R, e A RN
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N,O [a] N, %Ak, il N, O HEcE: , 507 N,0+
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Fig.1 Changes of the total and inorganic nitrogen

concentrations in the incubation system during nitrate
degradation by the selected colony (a) and

its community structure (b)

22 E¥Mx(BC).BEBEZE(WBC) MRRRK
(BCE) W2k 1R

5 BC M, WBC H1 BCE (1% pH {8 & 35 AR ;
WBC ) EC 1.5 2 F&{I%, {0 BCE 1Y EC & {2 [E A%
(P<0.05), 5 BC I, WBC ¥ fit YA HLBK
(DOC) FI NO, -N & 5 43 %Il & 2% F% I 81. 23% F0l
43.98%(P<0.05) , 1M NO, -N F1 NH,*-N & & | 73
ABEN 16.00%F1 78. 41% (£ 1) ,

Table 1 Physicochemical characteristics of the biochar, biochar skeleton, and the extract of biochar

BEREEHE o (i EC/ ; Df)lc gi/ ) NO{—N pivg NOZ’—I‘V i/ NH4*—1‘\1 2y
(pS-cem™) (mg- kg 0% mg - L 1)1) (mg - kg’]ﬁ mg - l_f])]> (mg - kg’]ﬁ mg * L’])”(mg - kg’lﬁ mg - L’l)l)
BC 10.28+0. 11* 215.33+3.21* 426.27+6.07* 28.31+3.59* 0.25+0. 04* 4. 40+0. 53"
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BCE 9.26+0. 10" 210. 00+6. 56* 51.77+0.75 1. 19+0. 62 0. 06+0. 01 1.25+0. 02

BC . WBC 1 BCE 251 A5 BB MR- ; EC i S5 DOC JiEMrEA HLIK . W — 5 B0 5 T8 SC/INE T3 A [) 2 7 A [ b 2 [ 3
FEbR2E R 3 (P<0.05) , B NP Ehr IR 22 (n=3) , 1)BC A1 WBC 847N mg - kg™, BCE B2 mg - L™, 435X BC . WBC F
BCE Z[E]/Y pH Ml EC #4728 b, 43 B BC Fl WBC Z [ i HAB A8 R 1T 2 5 LA

BC .WBC 1 BCE A% {8 HL A5 3 21 A1 1% UL &

2, BC . WBC Fl BCE 471 W s s A 350AH [R] , 4778
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Fig.3 N,O and N, emission rates and the ratio between N,O and N, O+N, emission rates
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0. 018, FH VR I A= ¥y e il ‘B 2 11 I3 28 9 32 412 i
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il 2 BTN 50. 27% , 3% WA Bk B 4L 04 SR A A
VEFAS KA AR B e B 1) FL 5 25 4 A S i Ak it
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FEXGIN, R LA TR FFR B 0 RS ACAE R . 555+
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fE5 5T+ 0.24.,0.29 .0.25 F10.20, 5 DB 4b#f
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IR R ) pH {H, 35 3R 45 R B, pH {H 43 53 34 fin
0.12.,0.02 F1 0. 12, A [Al 4b B 3% 5 0 #2 v pH {H S
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%34 60 h ¥53%, BC DB . DB+BC  DB+WBC #l
DB+BCE 4b ¥ EC 435138 i 0. 33.,0.41.,0.53.,0.33
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Fig. 5 Dynamic changes of pH and EC during incubation

2.4.2 THLA

EEE AN KR IR ol #E b, BR BC &b BE AN, £ 4b B
NO, ™ -N 7 34y Bt 15 SR ) ] PR 4R % T 28 3 B A1 156 B
KT R RIFREE B RO ARAE FT I BC AR 2R NO,™-N
TR LR R E , RIS AL FE NO, iR Ji 3 25E i
AYE R, K FRE5 WA, DB . DB+BC, DB+ WBC
F1 DB+BCE AbEE NO,™-N & 543 51| Fo 407 46 18 P A%
98. 89% 94. 46% .92. 58% F11 97. 08%, NO, it J5i
BLRMEAERRFRHT 24 h N, % B Bt DB . DB+BC DB+
WBC F1 DB + BCE 4t ¥ NO, -N & & 4 51 [ I
88. 17% .79. 73% .84. 33%F1 82. 15% ([ 6) .

A IR R, BR BC Ab AN, & 4b 3
NO, -N & SRS SE BTG F R, BI7E I Al
AL (N, O+N, HEHH A ) TR B I, 350 TF
5 NO, -N . NO, -N I TN &HAM L, 440 NH,"-N
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74.79% 76. T7% 1 89. 66% , TN & f [ % £ % &
ATER R 12~48 h N (IE6)

2.4.3 NAR Fl NIR 75 4%

5155 24 h BPAELE, 5557 48 h B DB DB+BC |
DB+ WBC F1 DB +BCE 4b #l NAR i 4 43 5 4% jin
31.25% .8.67% 4. 63% Fl 47.98% , 1E 5555 24 F
48 h i}, DB . DB+BC Fl1 DB+WBC 4L B NAR 52
241G i 2% 5, {H DB+BCE 4b ¥ NAR % 7k i
=T DB L3 (P<0.05), 5 24 h I AH I, 48 h i
DB .DB+BC .DB+WBC F1 DB+BCE 4t B NIR i 1443
L 32.99% . 122.05% . 33. 03% HI 30. 45% ., 5
3% 24 F148 h W}, 240 H NIR 15V 22 6] ¥4 JC & 5 22
F(P>0.05) (K 7).
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Pollution Assessment and Source Identification of Heavy Metals in Farmland Soils around a Coal Mine Area in
Yunnan Province. ZHAO Jia-yin'?, YANG Di’ | YANG Xiang-zhi*, ZHANG Ning’ , LIU Yu', WANG Meng-meng' , WU
Yun-cheng' , CHEN Qiu-hui' , TIAN Wei'™ (1. Nanjing Institute of Environmental Sciences, Ministry of Ecology and Envi-
ronment, Nanjing 210042, China; 2. State Key Laboratory of Pollution Control and Resource Reuse, Nanjing 210023,
China; 3. Yunnan Provincial Institute of Eco-agriculture, Kunming 650106, China; 4.Zhejiang Huanke Environmental
Research Institute Co., Ltd., Hangzhou 310007, China; 5. Nanjing Guohuan Science and Technology Co., Ltd., Nanjing
210042, China)

Abstract: The research area was located in one of the 100 priority coal mine counties in China. The area is an epitome of
China’s coal development, and thus is typical and representative. Samples from the soil, dust-fall, agrochemical and coal
residue were collected, so as to analyse the soil contamination and the inventory and contribution of main pollutants around
the coal mining site. The pollution factor, spatial distribution, and environmental medium of the heavy metals were com-
prehensively analysed, and statistical methods including homology analysis, profile analysis, principal component
analysis, and positive matrix factorization, were combined to investigate the soil contamination and the inventory and con-

tribution of main pollutants. Results show that: (1) 91.00% of samples were contaminated by heavy metals. The rate of
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soil Cd, Cu, Cr, Ni, Zn, Pb, and As exceeded risk screening values for soil contamination of agricultural land were
86.0%, 15.00%, 14.00%, 19.00%, 12.00%, 6.00% , and 19. 00% , respectively. The rate of soil Cd, Zn, Pb and As

exceeded risk intervention values for soil contamination of agricultural land were 23. 00% , 2. 00%, 2. 00% , and 3. 00% ,

respectively. (2) Based on the results of pollution source analysis, the heavy metal contamination in the area mainly came

from three sources, i. e., soil background, coal mining production, and fertilizer application, which account for 64. 20% ,

23.10%, and 12. 60% of the contamination, respectively. Specifically, the soil background has the highest contribution to

Cu, Cr, and Ni, and the corresponding contribution rate was 83.00% , 90. 80% and 89.40% , respectively. Coal mining

production and fertilizer application have the highest contribution to Cd and As separately, and the corresponding contribu-

tion rate were 93.70% and 93.90%. The results could be a reference for heavy metal evaluation and pollution resources

quantitative analysis of similar areas. Meanwhile, the study may provide data support for investigating the heavy metal pol-

lution status around coal mine, cutting off the pollution sources, and taking effective measures for farmland safe utilization.

Key words: heavy metal; mining area; pollution assessment; source identification; farmland soil

ARk, - HEE 4 JE T Y ) Ok 1Az 3]
KiE, HEESEWRSGERED T EE, S8y
HEAE WO AN, 76 1A P9 BB R AR {8 5 3 A
AR E " — ok, IR A E R AT AR
ARG 2 o [ AR AR 5 e v el
TCERA K NG S48 Tolk A= 7= Rk 6 3h 4, 2
TG g BRI, AN g AR R E 4R R
KAV R AR, 58 B RGm 7, (A5 R AR
BN EEZ A5 A H b ) E 4 R A
eI R A B, R T 4 4 R 5 Y KR
U, -3 T 4 v e n) A R N 2K i B R X el S
IR 5 1™ EE U

TFRE 3T 4 R TS YL iR ) 5 B R R 4 R TS
VR R PR A 4B 3 5 G R A 7 o TR o A 4
PR EHTHE . Hb BRI WA AR TR BOL T IA Y
Jead R A 4 B TS YA ik 2018 4R
KATHY GB 15618—2018 ¢ 1 1 ¥ 55 i & A< Ji b +
T Y U A P b (R A T ) ) LA KRGS 7 228 £ XL
W A R EAE PPN n fE A FH b - 388010 43S AR 5
PRI R Rk B HAE, Az kg
W B N I k. W E AR TS TR
BOTEAREEER T 2SI T KT 5
(B LB Mg it 5 23 (W) 43 A i | 38 1 o B ik |
FUE R R Lk L2 2T vk Gl s bk A
PE5 WM vk LA OE 8 JE R AR (PMF) 2604
T 385 YRR 1 Z R P RN TS el B 0 &2 A
iR LR — R R Dy vk sk 2 T e it o A ik S IR
fi A s T G K BRAT X TS Y PR A AT G T R
P, T 25 6ok FH 2 B o B O i, 64T 2 5 WA A
RFFURE BN, B g U AT 45 SR 0 G B ]
SEPE.

DLz g 8 A b B SRR O SR st ik R 2 4k F b
BRI S, R R R AR AT I

P A RE SRR 5 007 TAE € ik T 2R
IEE S SRV BURE ATve g ava i N L1 B R B N =
AR T FRBE A 5 23 Mt LA S T 5 1 A8 it
SFLMENE E BT TR TR XK L G R
T RPN RO B A AT AR, DFST S R AT S # Ty
RT3 AR A P B 4 TR 75 G 7K1 SR BOA R B U 5 it
FITF FEAC 22 ) A it £12 (AL A3l S 4, D [l 28R
DX - 8 T < A AR PP AN 5 T SRR T T AR
2%,

1 MRS

1.1 MREXEGHER

ZEA AT &V B s AL bR
FAb4 26°217 ~26°58" , A4 100°59' ~101°31" J& T
HTR g S B0 (IR AR 28 A X, H IRy, RN A
X BRI ARR 19. 8 °C AR
AHH 0.9 m - s7' AEXEIRUI R IE 59% , K] 24
A KRG R, i 4 VD VT K &R, B8 PN A 33 e T i 1
ATA] TG AT, b S5 2 B — R TR VT B R AR b 2
WS X A BE B RE SR 35t hik J) 300 4 P il A
YEY) F B A KRG, BRI 045, 11 fLZ0 2 100
hm? ;BT IX T 2015 4560, AT 38 W R i [a) 2y
31 a,4F"Heh 6 J1 t,
1.2 HmRESKE

2021 4F 7 AFERRGT X IR IF R if i R 48 T AR, %
JEFELA Y Hh A H A 382 4 ) T A 4R 1 3 Ak 5K
P B3 NY/T 3343—2018( HFHbT5 Yeif FHAs
PRI Y ) f0 A R X 1 A > 10 hm? (19 M
B $ BRI 1 A A5 R4 T WA A s 5] TR A A
SALL 500 mx500 m (Y 5007 9% BE AT A mi, VEE
IR ASDCRERE A A TS % (O T T Je b i 1
W 4 A o Y R HE A TR ARG ) (3R - HE
(2021131 5) . MREE 28 | Hb Sk FyA) 42 45 R 4



5113

UGN ;2 A HEMRA TR st ) 1 AR T 39 o 9 e PP S DA A 9 5

- 1475 -

SUBL, SEBRRAE I S A WA, B RHEREE
ST SCR AR B IR AT, DU 43 A AR ORE | 3
KA 100 NRIE TG (B 1) o [FIRERE 3 A
BRI, 4 D HEEAKRE S 3 AN KA W) 3 A4
SRERTEORT 3 A R AL IR R fh . R2 R HER &
0~20 em +ZFEE, BIEHIHE /5 R4E 0~20,>20~
60 F1>60~100 ecm MY HFITJZ2HEM, KRS
BESLREE T 15 % 7 SRS Ik

13 Cu .Cd . Cr Ni Pb Fl Zn SE 0 R HCRH
FOKIHAE(VOHRERTR) - VOERMHIR) =3 1],k
FHHLBGE & 55 85 TR BT % 1 ( PE NexION1000, 3£
B ) e He AT As (19300 G SR FH T K 98 fie 32
FHOIEE T (AFGI0E, =) Ml i 4 4
FREREST GSS—5 Il GSS—7( EZbrUEY) i .0 ) 1T
Fa i, B 20 NS IEE 1 MRERES, Cu Cd,
Cr Ni .Pb Fl Zn Z&FE i FIER 95.329% ~117. 33%
Hg A1 As S5HF i [FTSCRA 85. 61% ~109. 29%

101° 17" 30" £ 101° 18" 00" E
26° 35" 30" N ' '

N

A

Pl 5]

X 0XE

o RZLHERAES

m LR

A FEBRKCRAE

o REURRARAT A

—

— i
HERE K I

A #Kit

0 250m
—_

26° 35" 00" N|-

1 RESUHE
Fig. 1 Distribution of sampling sites

around coal mining area
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Table 1 Descriptive statistical analysis of heavy metal in soil
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WFFE X e RE O I 4 Jm & e AR M ST 4
WK1, EJZE 11 Cd Hg, Cu,Cr Ni,Zn Pb il As
SE SR 1,240, 02,27, 67,106. 87 .41. 40,
150.05 .42.45 Fl121.85 mg - kg™', AR ES)R
BRI = AR e (AR S R %>0.50) , R
TR E SRR R, BB R R RE B A A
FZm Y SaMA IR ETRME D ML,
Bk Cu Ni Al Hg #b, Hofth & 4 J P34 & & 9 T
50H 1.05~5.69 £, M sifi#K%F, Cd, Hg, Cu,
Cr.Ni Zn Pb Fll As % 588 15 5 1Y 5 AR 5000 8
91.00% . 1.00%. 16.00% . 75.00% . 22.00% .

54.00% ,16. 00%#1 23. 00% |,

/MBS iC YNV M/

brifE2E/

FRAMEIS, BT U

= (mg - kg™") (mg - kg™") (mg - kg™") (mg - kg™") BRER (mg + kg™") BN/ % WL/ %
#h(cd) 0.08 13.50 1.24 1.91 1.54 0.22 86. 00 23.00
7k (Hg) ND 0.44 0.02 0.04 2.94 0. 06 0 0
i (Cu) 4.13 119.03 27.67 21.91 0.79 46.30 15. 00 0
#%(Cr) 19.97 406. 44 106. 87 66. 16 0.62 65.20 14. 00 0
#(Ni) 1.68 217.03 41.40 41.68 1.01 42.50 19. 00 0
B (Zn) 17.23 1 586.70 150. 05 224. 80 1.50 89.70 12. 00 2.00
5 (Ph) 3.81 810. 06 42.45 95.19 2.24 40. 60 6. 00 2.00
fili (As) ND 213.02 21.85 40. 89 1.87 18. 40 19. 00 3.00
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Fig. 2 Spatial distribution of soil heavy metal content
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Table 2 Moran'’s I of soil heavy metal

TLER ALY PH i
cd 6. 80 <0.01 0.48
Cr 1.91 0. 06 0. 14
Ni 1. 66 0.99 0.12
Hg 0.51 0. 61 0.02
Cu 0.18 0.85 0. 004
Zn 0. 004 0.99 -0.01
Pb -0.27 0.79 -0.03
As -0.35 0.73 -0. 04
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Fig.3 Vertical distribution of heavy metal
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Table 3 Heavy metal content in environmental media
iz w/(mg - kg™") p/(mg - L")
- - HERE SR Al AL RAREE K
Cd 1.24+1.91 1. 13+0. 35 0.11+0.01 0.44+0. 24 ND
Hg 0.02+0. 04 0.29+0. 05 0.33+0. 07 0.04+0. 02 ND
Cu 27.67+21.91 84.03+8.99 12.10+0. 31 18.08+5.77 ND
Cr 106. 87+66. 16 95.33+18. 50 35.72+26. 21 61.88+14.22 0.04+0. 01
Zn 150. 05+224. 80 123.67+15.53 44.87+16.39 79.17+24. 88 0. 15+0. 02
Pb 42.45+95.19 33.13+4. 60 9.20+7.19 17.17+3.58 ND
As 21. 85+40. 89 0.43+0. 29 30.70+33. 28 1.24+0.54 0.38+0. 04
Ni 41.40+41. 68 131. 00+17. 09 15. 84+3. 10 26.57+14.98 0.02+0. 01

+3E Cu 5 Hg Zn 5 Cr Z [AIFF7E . 35 AH ¢
8 Tl el 43 J@ AN AN N AR B e 1 HL
gz ZFPHMER R LRG>k H 85 B

% (P<0.05),

P (PCA) #E—
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“'Fﬁiﬁiﬁj\ﬁj‘*ﬁ{iﬁﬁﬁtliﬁ/\@ o TR 4
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J, AT SR AT L e A R S YR R K BTk R
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Table 4 Correlations of soil heavy metal

Or WE R DX S G A e SR B
i D B e 2 1o U, SR PMF B —
AU G BTG Y IR S TTikR

JTR Hg Cr Cu Ni Zn Pb As
cd 0.38** 0.47*" 0.46** 0.59** 0.52** 0.63*" 0. 14
Hg 0.27*" 0.22* 0.31** 0.09 0.08 0.02
Cr 0.76** 0.90"* 0.21" 0.23* 0.07
Cu 0.82%" 0.35"" 0.38** 0.26**
Ni 0.29"" 0.33** 0.27**
Zn 0.90** 0.16
Pb 0.34""

* FeIN P<0.05, * = Fsn P<0.01,

RS ERHOWER
Table 5 Results of PCA

B30 FRAE Y /% FERIT 2/ %
1 3.78 47.27 47.27
2 1.53 19.15 66. 42
3 1.08 13.57 80. 00
4 0.93 11. 64 91.63
5 0. 34 4.20 95.83
6 0. 20 2.52 98.38
7 0.08 1.03 99. 39
8 0.05 0. 61 100. 00
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Fig. 4 Contribution rate of different sources to

soil heavy metals in the study area

B4 B, 1 X +HEESETERERN
64.20% , A %F Cu. Cr Fl Ni 51k 28 &, 4 5k
83.00% .93. 80% F1 89. 40% ., 4 #|W b T 2

13 Cu Cr 1 Ni i W 25 5% (& 3) , Cu ,Cr F11
Ni 52 A A5 Y U5 52 i A T e PR AR Xt e /N2 ke
SO R A T R R Tl X e 4R VS Y Ol & B
Cr Al Ni & /DT 95 S, BAW X PR e 2R 52 4R
PR B R A2 5 R A B4 U2 AR Yk EL R A & B, Cua
Cr M1 Ni 3 FheE 4 )@ ] e[l , 532 BB 02 i
K, EHPIH, L3 Cu AN B & RE/NTI
{8, —2P R IX 2 FhE 4 )8 vl B2 1 3R B2 i)
WK, SuEFERE, 3 Cu Cr I Ni fRAER & A C
KR HAS RIS FEAEAR L, 2B 3 Fh & 4 @ Al T B
FJR, P, BF9E X 3 Cu Cr I Ni B0k [ -4
AN, V51 EREN RHEAR

U5 2 X 3 4 Jm TTER N 23.10% , X Cd 5T
Bk, A% 93.70% , #F5FEIX + 3 Cd & iR
HomLEREES (K3, EESHESTEZ,
R Cd WTREZ N NG Ssg s B, 3 Cd % LA
PEAETTRAET 2R =, R E 258U A+
EHCd, LT XN cd FREEST
FoAth b DY BER A BT X Cd R XURS: A
{ELASNRIE 41.70% ™, G T Cd i B A
FEA g 5k b 3R 4% i AE R 32 i B8 F R I A
B2 a4 Cd V5 e, EEFE P, L3 Cd
SN 0.08~13.50 mg « kg™, A8 KU 075 16 1 557
) 86. 00% , 8 AU il (B s A2 23.00% . 5
BT B, AR 2 RV R A7 Cd 38 & 2 5
0.44 F11.13 mg -+ kg™, 376 i T #E WE AR AR b £k AE
CERERE 0 0 F10. 11 mg - kg™') , W cd &
BRI AT A RS T GER Bl A
o AR IX 4 Cd ZS oA, B 4 od & R
FE X FEAE LR XA, B XOGE, Cd % i
SRR S I 2 R) A G DR R 2 AR S



- 1480 - 4 SN

CR

B oE 538 &

B IX{E 5,

U8 3 X L HEE 4 8 DTRR RN 12, 60% , X As T
BRI, 0 93.90%, T IEHIIA As & R 7R H 5
fi BRI E AR (K 3) B EESFESTR, £#1
Hulaez 2l AN HFE R, ST 4R %
BB 0 48 As V5 YL 1Y 5 R R, HARTLEY
S50 S TR Ut Rl AL A 2 ] s e - B B
At P A AR L3I 1% Al S0 R IR E
161 P BEAL KL As 84 0.03~90. 10 mg - kg™';
BRINESE S L R E A IR As B 4.41 ~
57.7 mg - kg, SR NERE KK PEE R As & 50
0~453.93 mg - kg™, UL, F5 As AL A9 FH A7 76
— BB, EHEPR T, R AER As F il
6.56~68. 67 mg - kg™, AT 45 S AF5E X 3 As &
s [ 0 A O, BT As S R (E X AR
Bl A s34 5] 25 () H A e 28, 5 XA
BRI HEWT 1 As TER AR As BRI
K, P, VR 3 fE R AR

3 it

R X e 4 P 4 i A A XU T 32 £ AT XL
WA (E S I, +3% Cd  Cu . Cd \Ni Zn . Pb 1 As &
g PR 7 22 1 L AN R e XU 7857 (L A5 A7 43 5]
5 63.00% . 15.00% . 14.00% . 19.00% . 10.00% .
4.00% %01 16. 00% , +1% Cd . Zn . Pb Fl As 5 128 X
5 A8 Tl (B 2 Z8 53 0 23.0% 2. 00% 2. 00% Fl
3.00%, ARG YIRMHTEE R, HIEE SR FER
HF3FE, Hr, REAC ST 64. 20% , %
Cu,Cr 1 Ni 5THkF48 5, 4704 83. 00% ., 90. 80%
F1 89. 40% ; W IX 1% B BTERFE Ky 23. 10% , XF Cd BT
HkF A, 38 93.70% 5 A& Ak A Jiti FH 53 sk R R
12. 60% , % As STHRFE A5, 4 93.90%

TIEESRE AT S YA K
T CRZ IR, 3 T3 o AR AE AN 3R e N
FEERRE . 72T B 3 & Jm 15 Y R 5 R A A 19
IR, ik — 20 F | + 1 —AE W) R 40 5 4 s i % Al
T4 X A B A XURS: A5 AF 5T, DA 4 TR AGIA
PURFFE X B4 a5, S oy 3575 e B ih T A4
RS S

S 3k

[1] ZHAOJY,YE Z H,ZHONG H.Rice Root Exudates Affect Micro-
bial Methylmercury Production in Paddy Soils[ J ]. Environmental
Pollution,2018,242.1921-1929.

[2] BFREEIEE ACEAR, 5 850 54 HUIE AL X + 3904 2L
BESEBEIAEAR D ZRGBW[]]. A5G RF B

[11]

[12]

##%,2019,35(11) ; 1460-1467.[ ZHAO Jia-yin, XI Yun-guan, DAI
Hui-jie, et al.Effects of Compost Combined With Amendments on
Available Copper and Cadmium in Soil and Their Accumulation in
Romaine[ J].Journal of Ecology and Rural Environment,2019,35
(11) :1460-1467.]

BU Q W,LI Q S,ZHANG H D, et al.Concentrations , Spatial Distri-
butions, and Sources of Heavy Metals in Surface Soils of the Coal
Mining City Wuhai, China [ J ]. Journal of Chemistry,
2020:4705954.

HifESs, BINCE WYL, ST 2R 5 R 1 Xl B
IR R ST SE [T ] AR A T AN PR A4 4, 2022, 38
(2) :176-183.[ HAN Cun-liang, LUO Bing-sheng, CHANG Chun-
ying, et al.ldentifying the Source of Soil Heavy Metal Pollution in
Regional Agricultural Area Based on Multiple Methods[ J].Journal
of Ecology and Rural Environment,2022,38(2) :176-183.]
AT, K W LR R T A b -
BT Y MBS B P b (1047 ) <GB 15618—2018[ S].

e el el e 2, FLIRORE , 55 PRI PR X ) 438 o 43 40 A
AR T [ )] FRIERE 24 5 H0OK, 2020, 43 (8) : 211-218.
[ GAO Yuan-yuan, ZHANG Hai-jun, KONG Lu-lu, et al. Source
Apportionments and Spatial Distribution of Heavy Metal Contami-
nation in Soils of Danjiangkou Reservoir [ J ]. Environmental
Science & Technology,2020,43(8) :211-218.]

HUANG S S,LIAO Q L,HUA M, et al.Survey of Heavy Metal Pollu-
tion and Assessment of Agricultural Soil in Yangzhong District, Jian-
gsu Province, China[ J ].Chemosphere ,2007,67( 11) ;2148-2155.
rhAe A B S Al AR B B 4 75 Y BEACR P I
NY/T 3343—2018[ S].

J5 3k SR AR A PR T R T AR S PR AN A g
FERBSIFAT [J]. PR FE 2%, 2015, 35 (12) : 3795 - 3803.
[ FANG Wen-wen,ZHANG Li, YE Sheng-xia, et al.Pollution Eval-
uation and Health Risk Assessment of Heavy Metals from Atmos-
pheric Deposition in Anging [ J ]. China Environmental Science,
2015,35(12) :3795-3803. ]

rhie A RN [ REE AP 8. IR PIAR Y 12 F &R TR Y
DAE KA - B 5 25 2 TR 5 12 . HT 803—2016( S].
rhie A RN [ BREE A 480 L3RBT SR B B
P Sl T it/ SR F 8535 - H) 680—2013[ S].

XUREHT, 2 A, AR 56 3T UNMIX BAURIZE 22 45 500 i e
BN L G R WA AT [T ] R AR 2= T, 2021, 34
(10) :2446-2458.[ LIU Zhao-yue, FEI Yang,SHI Hua-ding et al.
Source Apportionment of Soil Heavy Metals in Rucheng County of
Hunan Province Based on UNMIX Model Combined with Moran In-
dex[ J]. Research of Environmental Sciences, 2021, 34 (10) .
2446-2458. ]

United States Environmental Protection Agency. EPA Positive
Matrix Factorization ( PMF) 5.0 Fundamentals and User Guide
[EB/OL].[2022-07-13].https: / www. epa. gov/sites/ default/
files/2015-02/documents/pmf_5.0_user_guide.pdf.

RS, B RS R, A5 PR FH I DX e - 38 o 4 = () 40 A
K5 g4 [ ] BT R 22 22 4, 2018, 38 (6) ; 2475 - 2485.
[ZHAO Jie, LUO Zhi-jun,ZHAO Yue, et al.Spatial Distribution

and Pollution Assessment of Heavy Metals in Farmland Soils in



5113

UGN ;2 A HEMRA TR st ) 1 AR T 39 o 9 e PP S DA A 9 5

- 1481 -

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Poyang Lake Area[]J].Acta Scientiae Circumstantiae, 2018, 38
(6) :2475-2485.]

B WRiE Rk, G P E TR R A M ] L
T EFRBERR H AR, 1990:330-483.

LIU X Y,SHI H D,BAI Z K, et al.Heavy Metal Concentrations of
Soils near the Large Opencast Coal Mine Pits in China[ J].Chemo-
sphere ,2020,244 ;. 125360.

HUANG Y,WANG L Y,WANG W J,et al.Current Status of Agri-
cultural Soil Pollution by Heavy Metals in China; A Meta-analysis
[J].Science of the Total Environment,2019,651:3034-3042.
LR A A D5 A MO X R 4y ) s (B4R 5 Tk S
VYR [ 1] BRBERIE,2018,39( 10) :4684—-4693.[ MA Hong-
hong, YU Tao, YANG Zhong-fang, et al. Spatial Interpolation
Methods and Pollution Assessment of Heavy Metals of Soil in Typi-
cal Areas [ J |. Environmental Science, 2018, 39 ( 10 ):
4684-4693. ]

TR, R X, S T IR A L S R AR R
FRAE R A PR [ 1], 13358 4R, 2016, 47 (2) : 474-479.
[JIA Ya-qi, CHENG Zhi-fei, LIU Pin-zhen, et al. Accumulation
Characteristics of Heavy Metals in Agricultural Soil around the
Mining Area and Ecological Risk Assessment[ J].Chinese Journal
of Soil Science,2016,47(2) :474-479. ]

ZHANG C S,LUO L,XU W L,et al.Use of Local Moran's I and
GIS to Identify Pollution Hotspots of Pb in Urban Soils of Galway,
Ireland[ J].Science of the Total Environment,2008,398(1/2/3) :
212-221.

AR, XN, G 3R, S5 S B0 T it a3 4 A T
SR BV S FRAE[J]. FREE AL %, 2016, 35 (10) : 2044 - 2050.
[ZHAO Jin, LIU Ru-hai, JIN Jia-xin, et al. Vertical Distribution
and Speciation Characteristics of Heavy Metals in Wetlands Soils of
Ziyaxin River Downstream|[ J ].Environmental Chemistry,2016,35
(10) :2044-2050. ]

SN, TR, FA, A5 A T 3T 4 R 1 A6 AR AR K
AR SRS [ ], 3R 8 T8, 2021,39 (2) : 166 - 172. [ DOU
Wei-qiang, AN Yi,QIN Li,es al.Characteristics of Vertical Distri-
bution and Migration of Heavy Metals in Farmland Soils and Eco-
logical Risk Assessment[ J].Environmental Engineering,2021,39
(2):166-172.]

S ESR, IR A A 4 8 R LG B R 1 b A R
M43 ZWE[ )] . T3 iR, 2016,47 (1) : 186-191.[ SHI Rui,
YUE Rong, ZHANG Hong. Research on Vertical Distribution of
Heavy Metal in Soil around Non-ferrous Metal Industry Area[J].
Chinese Journal of Soil Science,2016,47(1) ;186—191.]

WP BN, T U S ek T A 4 S S e i
B RAAIESE LR T A B [ )] BB %R, 2015, 13 (4) -
107.[ CAO Yu-fei, HUANG Ya-nan,DING Jiu-long.Study on Ver-
tical Distribution of Heavy Metal Pollution in Soil of Typical
Mining Cities; A Case Study of Wu'an City[ J ].Science & Technol-
ogy Information,2015,13(4) ;107.]

PREI, g, R, SRR 5 MBS 3 4R
FE XA RRAE [ J]. 28 2% 42, 2015, 56 (3) : 159 - 164. [ CHEN
Yu-zhen, WANG Feng, WU Zhi-dan, et al.Vertical Distribution of

Heavy Metals in Five Types of Soils from Tea Plantations at Wuyis-

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

E&

[EPE

han[ J].Acta Tea Sinica,2015,56(3) :159-164.]

LR I T 4 22 AR BT e A v kX ) IR
FEME T B B #2002, 31(5) :7-9. [ LI Gui-ju, HE Ying-
chun, DING Shao-lan, et al. Adsorption Characteristic of Chrome in
Tannery Sludge Amended-soils in Agriculture[ J ].China Leather,
2002,31(5) :7-9.]

KAKAREKA S V,SALIVONCHIK 8 V. Forecasting Heavy Metal
Pollution of Soils in an Administrative District of Belarus[ J].Geog-
raphy and Natural Resources,2017,38(3) :295-302.

ZHAO F J,MA Y,ZHU Y G,et al.Soil Contamination in China:
Current Status and Mitigation Strategies [ J ]. Environmental
Science & Technology,2015,49(2) :750-759.

TG A, E WIS LT DA R T G A S X
9 A TS G U [T ] BRI R 2 D5, 2020,33(4)
1013-1020.[ YU Jing-jing,SHI Hua-ding, WANG Ming-hao et al.
Identification of Soil Cadmium Pollution Sources in Affected Areas
of Key Pollution Enterprises in Xiangjiang Sub-basin[ J].Research
of Environmental Sciences,2020,33(4) :1013-1020. ]

TRIGESC IR SE Tl X 38 KoK Fl o 4 TS e AR AT [ D)L
7P EALORREBE,2019. [ ZHANG Xiao-wen. Apportionment of
Heavy Metal Pollution Sources of Soil and Rice in an Industrial Ar-
ea of Hunan Province [ D ]. Beijing: Chinese Academy of
Agricultural Sciences,2019. ]

YAN T T,ZHAO W J,YU X Y ,et al.Evaluating Heavy Metal Pol-
lution and Potential Risk of Soil around a Coal Mining Region of
Tai’an City, China[ J]. Alexandria Engineering Journal , 2022, 61
(3):2156-2165.

ik, EAERE, G S BRI X Rl e 1 4 ) s e
FEAE B R 73 7 [ )] M Bk 5 2R 8%, 2022, 50 (2) : 192 -201.
[ ZHANG Tuo, WANG Xin-jian, CHEN Xin-yi, et al.
Characteristics and Risk Analysis of Heavy Metal Pollution in
Farmland around Panzhihua Coal Mining Area| J |.Earth and Envi-
ronment ,2022,50(2) :192-201. ]

HARTLEY T N,MACDONALD A J,MCGRATH S P et al.Histori-
cal Arsenic Contamination of Soil Due to Long-term Phosphate Fer-
tiliser Applications [ J ]. Environmental Pollution, 2013, 180:
259-264.

R, RS, TR ST, 45 T & B AR 4 Fn i 1 48 SPUX
ST [ I ] A FRERR A4, 2018,37(7) :1326-1331.[ YU
Yao,ZHU Li-na,GUO Tian-liang, et al.Risk Assessment of Cadmi-
um and Arsenic in Phosphate Fertilizer[ J].Journal of Agro-envi-
ronment Science,2018,37(7) :1326—1331. ]

ETINE, X155, F 0.3 E AR b ECR M
HIFHr[)]. o L S5 AL, 2009 (4) : 44 47.[ FENG Zhao-
hui, LIU Hong-fang, WANG Xu.Toxic Substances Contents in Fer-
tilizers and Its Environmental Risk Assessment in China[ J].Soil

and Fertilizer Sciences in China,2009(4) ;44-47.]

BFEI(1990—) , 5B B sE 5, Wi, FEF

FEOTI N R LR R S m i R I IR, E-

mail ;

zhaojiayin@ nies.org

(RERE: LA



SRS 2022, 38 (11); 1482-1490

Journal of Ecology and Rural Environment

DOI: 10.19741/j.issn.1673-4831.2022.0633

TREHR, B 2 RS VEHENC R AN XS A7 R PERS ATy /N2 Rl B A [0 ] AR 35 S AR FREE 454, 2022,38(11) 14821490,

XU Fu-jin, CHANG Hui-qing. Effects of Sludge Composting to Replace Nitrogen Fertilizer on Cinnamon Soil Fertility, Yield and Quality of Wheat[ J ].Jour-
nal of Ecology and Rural Environment,2022,38( 11) :1482-1490.

miRERERBRMAREB LIS NEFEHR RO

., H A RY (R RME KRR, TTHE I 471003)

»
o}

FE . AT LTS Ve HERE R U oA AR - - S I 3 SRRAE 53 i B s e 34 U s i P 100 5% 20 Ik 2%
AU o R FH H TG, 43591 150 ANt RO AR B (W) 8 Bt AR I A (S0) 1 5 Ff i e M AT A ZRUMES b g3 Ak 0 (%
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Effects of Sludge Composting to Replace Nitrogen Fertilizer on Cinnamon Soil Fertility, Yield and Quality of
Wheat. XU Fu-jin, CHANG Hui-qing” ( School of Agriculture, Henan University of Science and Technology, Luoyang
471003, China)

Abstract: The effects of different proportions of sludge compost as nitrogen fertilizer on fertility characteristics of cinnamon
soil and the risk of nutrient leaching caused by excessive application of sludge compost were explored. In this study, field
experiments were conducted to set up no nitrogen fertilizer treatment (WN) , conventional fertilization treatment (SO) and
five treatments with different ratios of sludge compost replacing nitrogen fertilizer (20%, 50%, 100% , 200% , 300%, re-
spectively denoted as S1, S2, S3, S4, S5), and samples of wheat were collected during jointing and maturity stages for a-
nalysis. The results show that compared with conventional fertilization treatment, the replacement of nitrogen fertilizer with
sludge compost increased soil organic carbon, available phosphorus, available potassium, nitrate nitrogen contents and
comprehensive fertility. Substituting nitrogen fertilizer with sludge compost significantly reduced soil pH value and ammoni-
um nitrogen content at jointing stage, and soil ammonium nitrogen content increased significantly at maturity stage, but pH
value did not change significantly. Soil total nitrogen content began to increase significantly when 100% nitrogen fertilizer
was replaced. After the nitrogen fertilizer was replaced by sludge compost, the single factor index of total nitrogen showed
at clean type I, and the soil organic index reached to clean type Il when sludge compost replaced 100% of nitrogen fertil-
izer. The partial productivity and nitrogen utilization efficiency of nitrogen fertilizer were the highest under the treatment of
replacing nitrogen fertilizer by 20% , which increased by 2. 17% and 43.33% , respectively, and the wheat yield was the
highest. When the proportion of nitrogen fertilizer replaced by sludge compost did not exceed 100% , the content of starch,
protein dry gluten and wet gluten in wheat grains increased compared with that of the conventional fertilization treatment. It
can be seen that replacing 20% of nitrogen fertilizer application with sludge compost is not only conducive to the mainte-

nance of soil nuirients and the improvement of nitrogen fertilizer utilization rate, but also the risk of nutrient leaching by

i EHHE: 2022-06-24
HETH . BERARBEILET FITH (41571319) 5 S PRI ARM - 1125 BATRIQIH S EAA T H
@ #(E1EH E-mail: hqchang@ 126.com
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sludge compost application is low, and the yield and quality of wheat will not be reduced.

Key words: sludge compost; nutrient; nitrogen use efficiency; risk assessment; crop yield
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1.1 #Hilit s 5H

RIS T B KA TF R T e AR 10
T A PR BHT (34°41 N 112°27" E) ik
5 1 b b 3R K PR R KR X, AR SRR R
12.2~24.6 °C, LR WITE 210 d DL L, 4F K& A
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B 8 HE RO AR A T L35 1,

Table 1 Basic physical and chemical property of soil and sludge compost

(e bt pH fii w(HILED/ w(RH)/ W) / WG /
% (5-ke') (5-ke™) (g- k™)

5+ 7.61x0.03 0.73+0.07 0.52+0. 02 0. 014+0. 001 0. 140+0. 001

15 PR e 7.28+0. 10 20. 38+0. 98 8.32+0.25 0. 240+0. 008 3.270+0. 001

B BB bR 2E (n=3) .

1.2 Rt

SR H RN EGTF A 5T , g0 ik B 7 AN b
AHEEAL(WN) | HUEALAE (S0) T3 e AR 2R A
HE 20% (S1) 5 IR HERR R EUE 50% (S2) 15 e HE
NEEACENE 100% (S3) V5 U HENE &AL AL 200%
(S4) Fy5 U HE AR R ZUE 300% (S5) . 5 AbFEER A

JIEL it P e S [] 40, B A e ) e 2 — 3, P, O, Al
K, O Jifi 543514 90 F1 60 kg « hm™, FEAMALHRE
B3 WHER RN A B, A/ N AR
2 m’, Hob EREUE A S A BELL 173 ZRPE B
B, H ST ,S2 Ab3H13E T i 5 5 Bt AT Ak 38— 38, iR
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Table 2 Fertilizer application rates under different treat-

ments kg » hm™
JIST S L
V5 U8 HENIE JRE P,0; K,0 (FR%)

WN 0 0 90 60 0

SO 0 120 90 60 60

S1 4 150. 08 84 90 60 60

S2 10 305. 15 30 90 60 60

S3 20 610. 30 0 90 60 0

S4 41 220. 60 0 90 60 0

S5 61 830. 90 0 90 60 0

WN AT AL, SO H MU AL AL , ST~ S5 4351y 75 98 3 AL B 48 4
A 20% .50% ,100% .200% 1 300% , Jiti K&RE i (6] A7 2020-10-27, Jifé
JEAEmFE] A 2021-03-13,
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Table 3 Standard for soil nutrient classification
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Table 4 Standard for organic index evaluation
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Fig.1 Changes of soil nutrients in different treatments at jointing and maturity stages
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Table 5 Wheat yield and composition under different sludge compost substitution treatments

Ab FE%0/10* hm™2 TR EL THRE/ g 4t/ (kg - hm™2)
WN 19. 88+0. 00" 44.30+0. 00 46. 98=+0. 00" 6 205. 12+0. 00"
S0 22.51+0. 47° 45.23+0. 39 48.47+1. 59 7 173. 34£569. 37°
Sl 20. 75+0. 84" 48. 66+2. 65° 47.90+1. 43 7 329.35+641. 44°
S2 18. 83+0. 82¢ 50. 39+ 1. 00* 49. 88+2. 00" 6 397. 45+458. 80"
S3 19. 64+0. 80" 43.48+2. 66 50. 06+2. 08* 6 304. 42+342. 90"
S4 19.29+0. 86° 42.10+1. 244 48.76+1. 69 6 208. 81+200. 85"
S5 17. 63+0. 45¢ 46. 16+4. 09" 48.50+1.34% 5294. 31+454.27¢

PP AR 2, A — SRR 3 S0/ NG TR AN R 2R AN [ 2k B A B R 22 5% .3 (P<0..05)

*o6 FiRERBERRIEI/NEFH GRS

Table 6 Effect of sludge compost replacing nitrogen fertilizer on wheat grain quality

b w/ %
) HE TERY R T T A

WN 13.25+0. 00° 74.2120. 00* 55. 540. 00 26. 53%0. 00°
S0 13.98+0. 20° 74.1620. 22 56.33=0. 61 28. 41=0. 80°
S1 13. 49+0. 27° 74.29+0. 32 56. 37+0. 69* 27.27+0. 78"
S2 13. 65+0. 31° 74.29+0. 28 57.03+0. 67 27.67+0. 75
S3 12. 50+0. 78> 74.56+0. 26" 56.52+0. 70 24.59+0. 514
S4 13. 610. 61° 74. 45+0. 34 56.08=0. 67 27.72+0. 69
Ss 13. 64+0. 18° 74.1420. 11" 55.70+0. 53" 27.71+0. 12

BRSO 2, TR — SRR 3 SO NE A R s AN R A BR ) R AR 25 57 3% (P<0. 05) .
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Environmental Impacts Assessment of Large-scale Multi-floor Pig Farming Systems. FANG Zhi-cong' , HUHE Tao-
1i*", YUAN Ru-ling*, WU Dan®, HUANG Xin®, YU Zi-xi®, LEI Ting-zhou®, CHEN Yong* (1. School of Environmental and
Safety Engineering, Changzhou University, Changzhou 213164, China; 2. Institute of Urban & Rural Mining Research,
Changzhou University, Changzhou 213164, China; 3. Henan Jin Guan Power Engineering Co. Ltd., Nanyang 474350,
China; 4. Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510651, China)

Abstract: Given the large-scale and intensive development of the livestock industry, attention has become focused on cen-
tralized disposal of livestock waste and efficient utilization of biomass resources. To assess the environmental impact of large-
scale multi-floor pig farming systems (LMPFSs) , the life cycle assessment method was used to analyze the resource, and en-
ergy consumption, and environmental impact of the entire process of feed production, pig breeding, and manure treatment of
an LMPFS, and the comprehensive benefits of an LMPFS were compared with those of a traditional pig farming system. Re-
sults show that in terms of the environmental impact index of each subsystem, manure disposal and resource utilization each
accounted for nearly half of the total, whereas feed production, pig breeding, and other subsystems accounted for 60. 36% ,
24.25%, and 15.39% of the total, respectively. In relation to global warming, the contributions of pig farming and manure
treatment subsystems converged, accounting for 32. 95% and 44. 98%, respectively. Among the contributions to acidification
and eutrophication, the manure disposal and resource utilization subsystems contributed the most, accounting for 58. 59%
and 63. 78% , respectively. In terms of energy consumption, the feed production subsystem accounted for 79. 58%. In com-
parison with a traditional pig farming system, the greenhouse gas emissions, area of breeding land, and human resources as-

sociated with an LMPFS were reduced by 30.30%, 91.00%, and 72. 00%, respectively.

Key words: hiomass; multi-floor pig farming; life cycle assessment (LCA) ; environmental impact; comprehensive benefit
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AOZHRE R T AR R oK R FE 75 Ak & A 2675 7 AR i
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L3.1 BRET R4

RGN VA BIF, 257 AR T 5837 Sk HEAS A T #E
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hm™ 5 G RVRHAC 7 DR ST iR | SRR S
KA R 1197 i 32 k4 5 /D 2 19 R B
6. 67 HTE AL I H) FOK K E AN &
A3 91K 182,17 .82 11 F1192. 05 kg, /EH) +-Hb 5 i AR
by 878.43 m*, e R( 4 A i AR I 25 RN S
2019) T H I RE BT R AR AR (Fral) A, A
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Table 1 Environmental emissions coefficient

TRG LR Y2 A¢IEN A5
Tk
AR (AR )
co, kg - 17! 5786. 12 [20-23]
NO, kg - t7! 13.97 [21,24]
NH, kg -t 55. 86 [21]
S0, kg - ! 1.22 [21,24]
YES A (LT KN
€O, kg« t7! 62. 56 [20,22-23,25-26]
NO, kg - ! 0.30 [20,24-26]
30, kg - ! 0.48 [20,24-26]
CH, kg - 7! 0.10 [20,24]
T Hn L
€O, kg - ! 28.03 [22-23,27]
S0, kg -t 0.29 [24,27]
CH, kg - t7! 0.08 [24,27]
NO, kg - t7! 0.19 [24,27]
BRI
AT (REH)
€O, kg - k7! 78. 10 [22-23,28]
CH, kg - k7! 0.15 [24,28]
NH, kg - k! 0.11 [24,29]
N,0 kg - k7! 3.55%1073 [24,28]
TR (FILHD)
Co, kg k7! 173.31 [22-23,30]
CH, kg - k7! 0. 60 [24,30]
NH, kg - k7! 0.75 [24,29]
N,0 kg « 3k 3.71x1072 [24,30]
FI5 b E SRR
€O, kg - t7! 85. 82 [31-32]
CH, kg« ! 7.75 [31-32]
NH; kg - t7! 1.83 [18,31-32]
N,O kg - 17! 0.08 [31-32]
H,S kg - t7! 1.20x1073 [14]
LSRR
€O, kg - ! 296. 00 [33]
CH, kg - 7! 0.45 [33]
NH; kg -t 4.00 [33]
N,0 kg - 17! 0.10 [33]

KT R G ) & LSS AR K CHL (91, 55%) (7K HL (5. 10% ) F1
KU 5 (1. 79%) #6474
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[l FR B A P=HFERE IR R 2 e, B % K 2
KOCHR[38-41 ] TG RIAEHL R 7.05 kW « h -
FU™', MR 1 e As r= IR ik R 4, T A5 1
FU 7EABAEA: =i f iy cO, NO, NH, AT SO, Hii &
4351k 37.91.0. 09.0. 37 #10. 01 ke,

i% 2 ﬁ&i}g‘:iﬁﬁ%%ﬂ[m_21'25‘27'31_33]

Table 2 Energy consumption coefficient

gE] oy Bl B

TR =T R85

ARREA: 7= (AEUIE A f61))

M kW +h -t 1071.70 [21]
YESRIAR (AT K M)

W kW - h - hm™2 251.00 [20]

ESSlii L - hm™ 56.25 [25]
Tk L

i kW h-t! 29.50 [27]
RS ERTRE

W kg - FU™! 45.45 I
b E SREAFAFRE

W kW - h-t! 30. 31 [31-32]
IEARMENE

:h kW - h-t! 4.39 [33]

YEDIFRE b 32 220 BE VR T FE A h R R B 1)
FL 7 TR SHFVE B B () S TR iRl D T 2
P BRI TR IR G IR, S a1~
2 NE R R D e A CRERL B 19. 75 kW - b 46
IMIHAER N 4. 94 1, CO, NO, .CH,F1 SO, HF/8C & 735l
4 33.13.0.15.0. 05 F1 0. 24 kg; f&8EHIN T A IhfE ST
FEHLEN 8. 14 kKW - h,CO, NO, .CH, 1 SO, HEjil 43
%12k 8. 13.0.05.0. 02 1 0. 08 kg,
1.3.2 A SEHT RS

HRIEVIIFEE SR 1% AR I3 el X B0 A AR FE
T 500 7 kW - h, ST BB DR RO FE R = R
45.45 kW - h, 5 RHATERTZ, 1 MaxE R
PR 1 W, STk AR I oK B R PR 1. 50
m’, FEH 5 5, DI AE BT b 5 A
0.18 m*, ARHESCHR[ 3] HEBEAHES R 5L, 115 TR
BT RIGRN 525. 51 kg, Z4{H 4 318. 49 kg, 157K
PR 0. 63 m* TEFRFH A R O & A E AR
SERRBTENT I FIT 77 AE 14 €O, Wil & T HET Y CHL, |
ANFERIE R B NH,FI N0, [FIRsF bel X5 [#E T ik
ST R G, FERGE IR B = s G IR R
JoT, Bz S R e B2, AT CO, \CH, Fll NH, &
JFERRAR 23% .33% Fl 64% ', Z 083 1 HAERE R0
5EE T RG0SR T, i RE T i CO, .,

CH, \NH,F1 N,0 #5354 193.59.0. 50,0. 31 F11
0.04 kg,
1.3.3 F&5bE SEEAA T RS

HAERE IR0 5 BT R G i A 12875 28 [
SYESJE ST IR R, T IR S T R 47
SEEE2.3 kW - h - m? P8 IIfe T R
M 11.95 kW - h, XJ[EZE THE RRIR TR #HITL
SAMERE A HLIE AT AR IS T, e s
HUIE =18 79. 62 kg, 76 TR WAL B 7 I, 1% 375
70% [FIRTRZEAL BRI FH T30 A 1Y) 30% TR TR 4015
BERD R AR B K B A 570 S BT R
e P PETE K DR OTTRRGA &2 0. 81 m”,
HKESy 0.35 m®, iRAER 1 ~2 FEREEHE L fE
REOT1R, DI He UG AEH & 17.33 kW - h, CO, .
CH, \NH, .N,O 1 H,S HE iz 5350 144.84 4.71
2.35.0.08 F17.07x10™ kg,
1.3.4 IARFHHEEE RGH T

AR b 3 SF RGN R BTN 2, 51 A
SARFEIE A RGN AR AR P B 2T Ab B S BRI AL
RIS DIRE R eI | B A5y T A i A S i
HHCER (3R 3),
1.4 SIiEs

TEER A PR BT 52 M 2 S AN T 5 BE U T FE (non-
renewable energy consumption, NREC ) | 4 Bk A% % &%
I3 JRAWE IR E B FRATE 1, R R EAL A —1k &%
BT EXS 4 FEREER MR HEAT A, 45 Hh BT 5
Ml P54
1.4.1 FHiEfk

FIBER R Y i BB 47 MR
BOtEAXH

C = x %X, (3)
K(3)H, C REALE R 52 DI RE s T TS G HE L
i kg X Y E REG WA ERL: S IHE T
[EE S AR NEL7)
1.4.2 H—fb 5

Sk T SN b A [ R ) EG R AN BT AT
RGN IREERE 0 BTk, 38 o 05— 5 A ik, £
& ARGV SE SRR T B N PR R85

IH—EHH AN

N=0C/S . (4)
IG5 A
R= N xuw, (5)

K(4) ~(5)H, N FA—LEER € RFIEIRES R ;S
HFEMENE R RSS2 R ) S PR R 28 1 5 0
e
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Table 3 Analysis of functional unit list

AR PARSE

TiH Hf HBAE
TRVEF R GE
A
E Sl kg 0.97
KGFpF kg 2.40
INE BT kg 3.18
W~ kg 12.43
o kg 4.83
K m? 637.17
s kg 29.77
N kW « h 34.95
Sei L 4.94
i
Kk kg 276. 01
co, kg 79.17
CH, kg 0.07
S0, kg 0.33
NO, kg 0.29
NH, kg 0.37
WIS BT RS
A
iy s kg 276.01
s kg« 37! 195. 00
K m? 1.50
EEl kW - h 45. 45
L
Yy kg« 3k 102.13
e kg 1 474. 00
co, kg 193. 59
CH, ke 0. 50
NH, kg 0.31
N,0 kg 0.04
PRI E SRR F R 5
A
e kg 1 474.00
H, kW - h 17.33
Lk
L, kW « h 11.95
AHLE kg 79. 62
Hk m’ 0.35
HTiaH m’ 0. 81
€O, kg 144. 84
CH, kg 4.71
NH, kg 2.35
N,0 ke 0.08
H,S kg 7.07x107*

TEASRFRIL S A5 BT RGP K i FLAT 38 B BOF AR T B Bt 47

.

*4 HERWLEBRHS

Table 4 Equivalent coefficient of environmental impact

A BT ALYy 2 REL
A BRAZIE (100 4F) €O, 1
CH, 28
N,0 265
WEERR A S50, 1
NO, 0.7
NH, 1.88
EE-Eile PO, 1
NO, 0.1
NH, 0.35

x5 HRAHREZNENSNERTF
Table 5 World per capita environmental impact potential

and weighting factors

e LXK iv4 AHM 5 DEEY
REVRFEIS MJ-a 56 877. 88 0.15
SERARIEY kg - a”! 8 700 0.12
EAS vl kg - a”! 35 0.14
BEREY kg - a”! 59 0.12

1 LL €O,it; 2) L S0, it; 3) LA PO, it

2 #R5iTie

2.1 IMEXIWES

I YRR AR RE T R AR B N
W71(3 6) , AT LAE kA 7=+ R G AR W] T e
BFHAERER K, N1 177.70 MJ, 524D R E K
83.89% ., AMEFHIH ST RE T IRILTE T (LA S0,
) MEEFAE S (UL PO, 1) FAIK, 4391 0. 58
0. 11 kg, XL AHEEANREGER 9. 31% 1 10.09%, TM3E
1A E SRR F R 2 S BRI & E R
MIOCHERT B, LR AL S w8 B A 1 40 R 4. 42 Fl
0. 82 kg, 73l (AR GEHY 70. 95%F1 75. 23%

®o6 BRFIMEHIMEN

Table 6 Potential environmental impact of each system

TRG NREC/M] GWPY /kg AP?/kg EP® /kg
T A = 1177.70 81.13 1.23 0.16
RS S 163.67  218.19 0.58 0.11
FEV5 b E SR 62.41  297.92 4.42 0.82
Gt 1403.78  597.24 6.23 1.09

NREC A A H BE U FE , GWP SRR BEVE 1, AP IR ILYE 7,
EP HEEFRME S, 1)L Co,it; 2) LU so,it; 3)LLPO,it,

2.2 IMERNSTES T
HMIER 6 AFFAEALSS RiE i (4) ~ (5) T
F RGBTSR (R 7) B H A 4 FhERsE
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Table 7 Environmental impact index of each system
FRS NREC GWP AP EP &t
P Az = 3.11x1073 1.12x1072 4.92x1073 3.25x107 9.48x1073
SRS 4.32%x10™ 3.01x1073 2.32x1073 2.24x107* 5.99x1073
FEI5 b E SR IRAA 1.65x107* 4.11x1073 1.77%x1072 1.67x107 2.36x107
A1t 3.71x1073 8.24x1073 2.49x1072 2.22x1073 3.91x1072

NREC ANl ST REIRIHNFE, GWP R BRAEBETE 77, AP SERALIE J1 , EP S i EFRALIE 7.

100

]
80+
I
| 60
el
40+
5-\?
=20
R
0
ool
NREC GWP AP EP

PRI R Y
O fkA™; [ 43R0 [ 350 E: 2 B © B,
NREC S AT HORTREIIHFE, GWP N ERAZE Ty, AP HRRALIEJ1 EP
WEIAL T, B R TR AR AR T A TS R
BN Z R G LR A DU AL R T AeAE L
T AR EEHEAL ( LAEUE TR ) |
B2 4FREZMERNEFRSG AL
Fig.2 Proportion chart of each subsystem in

four environmental impact types

2.2.1 EERANER

TR IR T I LR & R Girh , 2K ) £
G RJR T CO,(58.41%) Fl CH, (36. 58% ) (I HE
i, ARSI S T R g TG A E S R
FHF RGN AR ERAS NS SRR, 7 b S A ks e v
JIHY 32.95%F1 44.98% (&1 2) . 18T VE FA oM K I,
LIRSS R S R T2 57 A el DXR R R Be LAY
NN THABAEREFRIE A R, B R T FE
T COHER RGN ; 55 4h, 25 g AE L R b o, Ml
N,O BE% , USRS % B HERL Y O, K /b CH,
i (IR Uk BERE N A B 5 3 1 i CH,,
RFHE) | X Hl e TR ERAT R ) E TR R 2 |
FEVR/ DR 2 S AARHE RN X 4 BRAERE Jy 1T, LB Ak 37 44
T A S BT R s | TR S, #1715
FERER TR IF 77 A2 1 CO, I Wil % B A2 i CH,
HEl FEREAR 239% 70 33% . A WF9E R VRS B L S:
REVR ANE/D CO,HERL ™, AL 23R ALAL 5, 4
P Ry SR (R R I | T 4 0l S S A
EHEI T DIRE T A N 5. 19 W’ T B R
M (ce)3. 71 kg, F BRI (1 t ce HETL CO,

2.74 t) , ATEHE 10. 17 kg CO, . MIRESTTABUIE &
N 79. 62 kg, ¥ MRS AR S P AT Rk 8. 65
kg FEAE (DL A2 =, AT A ek HE Ak I8 A = v
50.05 kg CO,, P, A S FHVE S AA HLIE A6
HERL S , B T g bl RIUASE Ak 57 AR S5 58 I = AR 1)
HERk
2.2.2 e EESRM

7 4 RIS AR R AT ) sik R K,
FACE I BT N (R 7)o Hoh Ze 5 A0 E 5 TR
FIFTF RGeS & B R stk K % T R 45
FRALTE 115 AR AL T 1Y) 58. 59% |, & 8 F- Ak s 1 i
BE BT 63.78% (K 2) . 3k FELEH N 3E
Tt A FE RO NH, | SRS R AL M 57
ey EZ5 Y, 2SR R NH, X R Ak e
BEIRA TR 5 A 3805 4 8 5 T IRE R 7 &R
LI 50% ; HUTE 24T AR WA it R rf NH, 9 HE
R, X IR A K B SR BTk AN b S
FIALA T RS0 23%, HABAFSE " du ki
VRN BRI 1566 A2 2075 BT 45 2 1 NH, 2 52 iR 1L
KE BSOS N E

EEXEET5 b B 5 IR T RS IR LR
BT = A E O, PR N U it . (1) 4]
BRI (BT, WK B TR Sk b BRI AR A
Al (EHEE ) USRI 17, 0%, Tk /b 2% T
RGESEMIEW IR R, (2) V5 AT
FEFETS RN T — 2R, A5 S A HE R PRI
7.3%, (3)7EE Z b S e RO Hp ol FH HE A5 0 5
AR/ 42% 1 NH, F 32% 19 N, O HEicR" | 3F
AT AR A B TR
2.2.3 fREIHAE

3T RGN R E 7 RGN RERIHFER K,
d R IRTHAERY 79. 58% (& 2) , HJE IR 78 T3 F vl
FABH PR B A2 e HOR AT 9 3 B it FH =
FOHA = Rl R BB VR TH AR G I, AR IR
HEH TR FEIEME A, AR FER
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11.05% (& 2) , 302 RIS AR SR g e IX Bl ss T R &
BRI N BEE T HR R 70D N BRI
[t 38 T H i #E Ak X HSCER [ 18— 19 AT
W STRFRIESE S R G A R YIRE T FE L R 2
RGBSR 2 45, whEsT5 b e 5 3R A+
REma, A F AR TR, HRAER R
2509.50 7 kW « h, M4 IR RIS 7 1A 57 B el
XAEFERL N 1.3 /2 kW - h, R, 73 & s 0
XY H 245358 19.30%

FyAI TR TR FE A B 27y Sk BEAE 1 5 1) (]
XA 52 ) 2545 52 FH 72 G0 P45 52 M 8 B0 3 R
T BEE 100% 73868 100% 1 BIR AL HE 309% 77
TOA T +70% TR R FE AL FR L K 26 F P9 Beids B el 1X.
1Y 70%THWGA H +30% TH R EE AP 4 P soxt L3R
BER AR AL, G5 R I3 8, VR WGA H R R B A H1L 2 E
GB 18596—2001( & & F=FE V. 15 Y Wy HE bR 1fE ) 1 3C
HR(S54 ] FAEALEE 1 m* V57K FEHL I8 0.6 kW - h 3
AT TH W 2 Ak PR 5 4380 340 H 0 2R 358 5% i) i
IR R E BESTRT S R KR F R Ak 2 7 =,
by A5 ) Ak B 7 A S I B B, X R
DR A VAR TR R A P AR P RERE e 8 LA S HE IR =

FO  THHIES R LR

SRR CH AN, O O ) T EORBERZ M 18 200 =
SEHWITERE B LA ST AR TR B 0 TR AR vh Ak B
TTE I T3, AR 100938 SO 32 31 J] 31 - A
ZNRE IR, R , 322 DX BT SR T L )48k i
BRI T IR B, U kAR I

x8 AEIBRHRLEBZRNXNIERMIEEL
Table 8

slurry treatment modes

Environmental impact index of different biogas

[ 5 WHE/mM  FkE/m? I8y A NE 2
100% VR WA H 1.16 — 4.12x1073
100% V8 WL 2 Ak #1 — 1.16 9.78x107°
30% R4 H + 0.35 0. 81 8.07x1073
T0%TH IR FE AL T
70% VB WA FH + 0.81 0.35 5.83x107°
30% TR IR AL 2

2.3 ZAEY@TEMSITEE

NS IR A S G TR R G a4, &
BRI S P T RS RE T RE TR AE 3
SRR A 5 AT T A 25 T BEAT F AR A B
(%‘:Z 9[2,6,19,55] ),

Table 9 Comparison of related indexes between multi-floor pig farming system and traditional pig farming system

st 785211 + 5 NV &
NREC/M]J GWP" /kg AP? /kg EPY /kg LEATREL m? (N Tk
LRSS 163. 67 218.19 0. 58 0.11 5.99x107 0.18 7
e 97.200"] 313. 0211 0. 98[%] 0. 181%] 8.86x107? 2.00!2! 25!6]
NREC AN T] BB B RS, GWP g S BRAZRETE 1, AP SAMRALiE 1, EP N E & IRk 1, R T B RBOR S, AR X e DL 1 kT

9 100 kg (RS REEE, 1) L CO, 15 2) A S0, it; 3) LA PO, it,

T4 R G A R Rl A 7= S s Ak 5 ¢
TEAERI 5 H ] S B AR B = B AN i, B
i FEAA | BRAEIRTHFES M T AR SR E R Gt HoAth G bRy
WG R G, S IRSRFE R DI fig 5 IC REFE I LL
LB FEE 5 68. 38% , 3% 32 B2 [ R ST AR R R S
AT KRB R G BRI 18 K 3R
BT NIRRT A B, st
A E I GBCRINT , SEARTRAE Lo AL e 37 5k />
72% XA IR A K e 1) RaHe . TE IRBE R 0 Oy
i, S ARTRAE R e 2 BRAR BV ) R AL B B TRk
W1 WAL g2 3% 5 43 0 [ I 30. 30% , 40. 82% F
38. 89% ,ixX 125 T RS IR FR A 25 6 REL B & 11
RS SRR G, AR T 1A F AR
e X TG RFE A 5, ol At 5 5 AR AL B
IR GEXT S5 B B 75 YL i et 04 T4 808 o R
Tl FHERETFI A IE K, DS54 R - AR A

TR ;o n] 38 i PR Be A i A X A e A
17 H R DTS N IR IR 9% 3 Ak, ST AR
TR I IAAE T H TR = B AR LA
S ARG b 5 TR ACA 0. 18 m®, AR Ge R E 1y
2 919 , 3K EET44 1) 1= M AR v FHAE R . b fe B
MO AT | REAS I 7 A B R R BRI HE A 25

3 HFig

SR ey 1w T S | D T ot

(1) 2 F8 B /IMR IR R 2675 b & 5 BE IR
T RS (2.36x107%) Al ™ F R 58 (9. 48x%
107) LEREFRIE 545 BT 245 (5.99x107) , HilkE Ak
SARTEIE R G LE B AR AAE ECA 3. 91x107°

Q) TERA = F RE TR 5% F RS
FPREZ M FT ) 51.90% , 3 2 i T3 [ K i 1 1k
B VR K B, P, 3 i e
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T BN EIRASEVE TR, AT RGBT
J119 50. 25% ., {HAH L FAE G IR FE , S AR 58 1) T %
SARHERCREAR 30. 30% , LA H |, & JESTARIE IR AN
I KA A G B DTk, R HEAT S Ak
REAL A A R RIS ] 1 24 919% A SR 58 FH b AN 72%
NG

(4) eI b E SR IR AR T R R e 4
FhERBE RN A o [y 2 A, (5 HE R 75% , X 5
o A 275 A B AR PO NHL IR FTE, R, il A
> NH,HECE T, 3 A B A AR S i ek gs
T REAE A AN A7 A I 5 T B INZ RS
B, RIS X A5 Y 4 FP VR AL B
&SRR 12 X BT R A 70% 17 0GA -+
30% IR IREE AL sCRE 548 T RRIRIHAE, Sl T
INBERE R A B0 A B T B VE R AL P 5 R IR
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