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A case study of a novel sustainable agricultural development evaluation method

based on Euclidean distance theory
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Abstract: A novel evaluation theory for sustainable agricultural development was developed using the standardized
Euclidean distance method. It contains an agriculture sustainable development model, an evaluation function, and
agriculture sustainable development ranks. It includes a goal system, a zero system, and an index frame. Wuzhong County in
Ningxia Hui Autonomous Region ( WZC) was used as a case study area between 2000 and 2012. The results showed that the
agricultural sustainable development exponent ( ASDE) in WZC slowly increased over the period from 0.65 to 0.70. The
positive features of the method are; (1) the methodology was reliable; (2) the agriculture sustainable development model
was constructed using the goal system and the zero system, which provides a reference system for sustainable agricultural
development and improves evaluation controllability; (3) the index weights were embedded in the evaluation function,
which removes the errors or mistakes made by the expert scoring method and avoids having to reassign index weights because

of indicator addition or subtraction; and (4) the agriculture sustainable development exponent was related to the centesimal
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system by a function model transformation, which gives a very clear figure conception because the primitive value from the
Euclidean distance is difficult to understand. It is important to compare systems and method application, and this model
suggests that the low ASDE in WZC is mainly due to high nitrogen fertilizer application rates, low straw application rates,
the compound or special fertilizer ratios, the proportion of the land taken up by conservation farming areas, soil organic

matter levels, and income per rural person.
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G=F(X,,X,,~ X,)
Hi e REFEAWARS, F REBBREIRE, X, ,X,, -, X, CEL N H s RERFEFRRESE, KRG —
AR ZS BRER N A -

VS =f(X,,X,,,X,)
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Table 1 The flame of index and the reference values of the goal system

FapR2e 5| ETRE I 17 s R G825
Index category No.  Index The reference values of the goal system
B} Fertilizer 1 FUIE i 4 (2l 22 ) 150—180 kg/hm?[*]

2 TN P i ( il s S Al ) 35 kghm 2% 80 kghm™2[4

3 B £ () 60—90 kg/hm?2 4]

4 FhEFFAE % 100% *

5 SRR Ho ] 35% (2014 44 [ F- 2 ) [40)
2 Pestcide 6 RZEMRE 7.9 kg/hm?( 2014 4F4:[5F- () (46
+3E Soil 7 AR ANTF 20g/kg'*
331 Breeding 8 X E I BIES 100% *
B Arable land 9 N Hb AR KT 0.15hm? 7]

SR R 6x10° m® hm ™, 515 7K V2 18K 1 AR L A3

KF Trrigation works 10 RHEHEKE B KB AR FNF 600,
AH; Agricultural techniques 11 BAPPERAERARE T A (L2 7K 1) 100% *
12 W+ e 77 T AR L 100% *
A IFBE Rural environment 13 REYOKE A 100% *
LMl K E Agriculiural disaster 14 Al AR 5 3 1 B EG ] 100% *
45 9 Rural labor 15 FHEhh kLU L% 5% (2014 4F4 E -1 (H ) * 14
Al = Agricultural output 16 ABIRRE 400 kg™
17 AORE R mIA 10000.00 JC (2014 4F-4> [ - ) 146

= T EH HE

3 EHIEIE

31 AT

DL B 1% H 6 XA 5 81 A 1] ( Wuzhong County in Ningxia Hui Autonomous Region (WZC) ), Z= BT
TR ER HAL T AP SRR, e T B R AL O X JEEE R T AR IR 2T g A T, AR
FERRPUAGART , PUAR N St BT st , A 28 BYLRE” 983 R KRRt vE o 1+ 50k, & T8 98, &
AEFEK T 260.7 mm  AEZEAEAE 2018 mm PR 9.4°C, PUZ=o0 W], H TS 2 285m0, I /i, B
I 25K, 424F H IR 2955 h, TR 163 d, 2 4 oK PR S fie 7 A9 Ml DX 2 — Rl HARAE ) ROTCR A K, 3
A TR HIIE2Y MK /K™ B35 Gt s AT AR08 5 FR B 15 G [m) Rt 5 3l A7 A, S MR A0l TR & T
32 iR

THREAN T FRrE K JRARBUSR I E TS I8 L IR B T 0.65—0.70 Z [a], ¥4k T b Rp 4k
T MRS HE R R A4 e AL IXC ] 5 8 55 e AR T 4P 2 A JR AR R 2 (AN 0.05, T HFEk K SRS £
JE PRI« B A o e, Ut ek B AR TE 350 kg/hm® DA b A B4 L 2 HE50T 400 kg/hm® 3 A HE LR A,
2005 4 Z H AN HIEZ G, 2012 £ Z G RC OO 17% . th THUAL T 50X, 2T R AEYR
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FRARBAR ARG IR A K AR 4 [ Bk -F

0.71 -
Hy—2F 2012 FERZGHEI R B (Oh 4.7 ke/b’, FHF 25 0701 T
TR IR ARE) 200 EFFRERACHUE TR A, s B85 0%)
FAFEN, B0 RIERFFIOE IR, Ha% 27000
R I 1 2006 452 7 B2 B3t 80% A b S35 ool
FAOEAR AR i AU s T el L
LTSN, 5 5 3000 4 I, % TRARREIARRRRS
FRAS N, 5O LR — 2 353 1T T 20g/kg, —f o
BP 12 TR, 112000 4F 1.3 /kg, 2012 4FH 10, e
| /e, ST AT HLTE HIR A A B Fie:L The rend of ASDE n W2C

I 0.2 hm® ¥ & T 0.1 hm®/ A, #FHUEIEAXT FTE L, H
TFHEIX U R 538, FAVEAR T K 8 N5 22, 2005 4 LIS Y B0 K B JL-F- 80 T — 35, I e WA R ot
6000 m*/hm* (HAEE{R I DIRIK By 3= A8 HE K 3K, KR RCR SRR, R ERERR (AR
KAL) ) 5 RORE LR T 10% , 5 JLARA A NS B HR 2009 4EFFIR, & 2012 45, HR
Wy I BGE R 35% , 25 HbRA AR REEES , ARAT A K KA IR K, 2012 K K % 423551 89.3%
iz LU X GRFEAE K BAEANIAARIBIEE , flb K F ( F 2R BEHA IR ASE m , B THBEERE R MY K,
Al B9 TRV RIR I TR, 2012 AR E] 10% , RA 57 8 I R ik 22, K& ULl 55 30 71 A% 0.
8%, NIME LA BT 400 kg/ A, Fe k3] 700 kg/ N4, AR T 500 kg, AT A O AU A %
By B A, 2012 23R F 6378 T6, AN F 4 FEPE KRR 65%
3.3 Rl REg kR RN TEbRi2 W

P 2012 4F R, R AR AR 27 ik oA T B S B AR AT Hp 2k RR S I JRE IR 3% 2 02 2012 AEAR AT
FREL R JRIEPRIZWT (045 2012 5 F R G 2012 FF 5 HIRR G HIn RS S F R G MR RS, L KRR iR
HWIE, (RGHE—2012)/(2012-FFR%50) R T 2012 4ER I RS 2T IEMEE R G S Bis &
Gr 2z ] AR B (AR BB B AR R G 8D , inZE i P i Fe br 13.82 3R 2012 AF AL i & BAn R 48,
HEERRG, HIEHPR REE % RGH R 13.82 A% (SEPr 2 BE M &t ], A2 b A R | T2 K38
B AL I 5 25 ) R E A RERS B S TIFIN RS B RE S FE RS ZRIRYIE R R (Bl
2) JFRAEIRSHT, R AR T RR2E R RAFTER AR, ( BARRGE—2012)/( ARG -F RS WER ML T
2012 4R R GE R AR AR bR iR H bR 2R 40 A0 5 8 o 4 AR IR B A LU A9, (0N, 5 H A AR GeHGIT , A0 ZRURE it FH
0.93 W HAE R 25 AR R4, B R G TR R JRIEBURM R IR 22—, D 2012 45 7 5 R D AT 2k e
F5%20.70 A, KTF 0.30(1-0.70) 8 A R G FH & | H7 I0E F  FS AP0 B R 2 A IR fi % L5
BLBT ORAF LA TRRR 0 e 7 EeAs] Aolk 55 80 01 K& DU L el S5 4 R AU GE 9 MMEIRXT 25 G 48 50 ot
B B WAL ] i R 24t ] & | 7 B 2 FH R Ae s NP T AR Rk F K B IR B A6 3 Rl
K FRMAIIRE S 8 MR RGBT ST IE .

4 ZER5WE

4.1 FETRRICHE] AW rTHF e AN BE O QU E S PP 7505 B AL

BET R LR S Al AT FR 0P 75 V6 B BT 5 3 SO0 AR I  —J LU D7 VR e i, D141 46
TUEREEL: PR A R AT SR o RS A AR RS S F RGME R OAO rIHF 2L K N S AR
AL — P R G E T H A VR B | ol 5 B A AR ORR 5 =P R P i S T 1R P A, R
1 GEAT ok 0 5 HE AR AN R B I A AR {2 s R R 5 () It O 1 Ay T A ROBE R 5 RS P 4 i
Bl T 5 B R AT AN AN FBT A A9 1), R GERUBE R L el 8, 42 T 1 PN R AR HE A 1 X 1 5 R T

http ; //www.ecologica.cn



PO 37 4%

A
P, WRKRRRAR T RS T, AL PPN R ; R T BN AL 0 T fp 2 R SR 16 8 5 1 ol L, 45 2R
oy TR A BT AR R S

x2 202 FTFERBRUATHEL RIERISH
Table 2 The index diagnosis of WZC in 2012

(AR &RG—2012)/
(BlRGE-FRS)
(The goal system-2012)/

(HFR&#5—2012)/
(2012-F &%)
(The goal system-2012)/

2012-FRS% HRRS—2012 HIFRZR-FRS
FEHR Index 2012-the zero The goal The goal system-the

system system-2012 zero system (2012-the zero system) (The goal system-
the zero system)

Jei =
%HEE{EFHEA . L 0.231 3.197 3.429 13.82 0.93
Nitrogen fertilizer application
B R - Lo 2.863 0.694 3.557 0.24 0.20
Phosphorus fertilizer application
%‘?HEE@ﬁH% - 1.909 1.643 3.552 0.86 0.46
Potash fertilizer application
EEFT A H 2R
}uﬁ—‘l_ﬁﬂ}: — 0.900 3.602 4.502 4.00 0.80
Ratio of straw application
=N i
Sy " . 1.676 1.774 3.450 1.06 0.51
Ratio of compound fertilizer application

Z i
Téj}jﬁﬁjﬁﬁi _— 3.445 0.259 3.705 0.08 0.07
Pesticide application
2 a N [ R
HARMELE 3.586 0.896 4.482 0.25 0.20
Ratio of manure application
TIEAHLIT
Ratio of soil organic matter of 2.196 2.609 4.804 1.19 0.54
>20 g/kg area

kN H
AT . 3.873 0.000 3.873 0.00 0.00
Arable land per capita
qj:TJZA?EH{Eﬂ(E . 2.894 0.541 3.435 0.19 0.16
Irrigation amount per unit
ﬁ})ﬁ HEA AR TR ,H: . 1.291 3.012 4.303 2.33 0.70
Ratio of conservation farming area
I e 75 T AR L
Ratio of soil testing and formula 1.304 2.421 3.725 1.86 0.65
fertilizer area
YR AR
Ratio of drinking water security in the 3.931 0.466 4.397 0.12 0.11
rural area
szkﬂ:}(%i 3.490 0.743 4.233 0.21 0.18
Ratio of non-disaster crop area
KRR RLLL L5780
Ratio of college degree labor force the in 0.691 3.683 4.375 5.33 0.84
rural area
ANFJHLE Grain per capita 3.873 0.000 3.873 0.00 0.00
AW Income per farmer 2.735 1.558 4.293 0.57 0.36

4.2 PPUHETRIRR ISR BRIE S

TEPRAVIE DAL S PR E AR 8 AR A F X SR AS [6] , 9 An A HE AR 28, % 31358 7 D338, XA TE D8
TE%5 IS ARSI Z IS BU S BN, ANl 725 B AR = R 2 S 0L T, — oy, NI,
B[R] IS B X0 TE DR, 0B A 5 BRG] e DX R] , 7R Rl A AR 2 TE DAL, AN PRI 5 3 A i, SLRESK
B F b i 0 5 R DX RS R 27 A T D, MR B N BADRR B 25 i 22 ) B I35 1) 7 T 25 At
Ko FETXFNH, FrA$8 bp 4wl E DL B BUE X S [0, X ], o, X AUSRG 3 XAl A i e R AL,
AR bR 2B B IE DO R AR SERY , IR A B 7KK, T RE H Bt I £ AR B i A5, ot P
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Fig.2 The radar graph of the index diagnosis of WZC in 2012

TR B A R 0 LR (E S AR ARARARS , JEHAE IR |
4.3 VU R bR Y T )

PRl B BPRAR PR A & T2 NP N SRR 5 N IO S b R DX TR S R 1

Bt BN, A PR SN FH R DX T2 [0, 180 Tke/hm® , USR8 BIHE AR s (K42 F i A Ab 3

Y=24A-X
Hop, vy (R B E,A R BEARE, X AURE B, F85 I TUE % 0 X1 (g 2 i (B K 2 T2
DIRGER) o i (EFAR A IFAL , — S Z AT bt (45 3 DCTA] N, 02 AR s (i 2 s it AT, =245 B AL B igs
18, A FIRAEEAR XS 5 . BRI AR 2550 bn i (H AR I A B, (ER XS D) — 2R AR bR an A8k AR &
A WA TE e (IO T, BRI R % BRAA, 3% — AT r 22001l
4.4 THHIEBRZ D)

VM FEb R — D LA, H LAY, 2L HAS, 2 A A4, (TEEF) 1 MDGs 7% 64 1515,
SDGs ( Sustainable Development Goals) £ 7% 303 4845, 1 EBl22 B 0] FRal & J' B oT 2 2014 4F 4 & n] 54k
RIERETT VAL R AR B AR H 57 A (i & 45 4>) HEEHE R 415 (G £ 240 1) o 18RI 20 RPE A N
B, BE B (HSCPR EIRAR I ZARPRBLT 5 EAR S A A RR AR T AR AR A BURE S —FE AR E
Y ZAS A XT 45 2R B 52 T o, R 28R PR8 A6 A A] BB XS 45 3R 7 LR 52 ) 5 Z2 48 b e Rk S 2400 1 A [l 48 A
[] 8 S E T S B 5 BRI B E X EHE B, vl DUE B AN R R SR 22, PR 25 R R b A 8l
MABRE 5 A AYERF RN ES W AR E—ERE Eal IR RYE ., B 88U 7eiis -
LT 4 JI3E T HRAR A PR S R A B X, PRI, S PP ERR R A 2R ML AR S B AT | e R R
HEOR TR BIRE 2 AR IR R RS T 5 80 N8R0 70 B S A8 bn B A8 3l Z2 R S ik 45 2R | e 24
N 1520 Db, AMEAE T RGERFME R, HEEMEFREUETE R IIF S 0L T, SCERES R B T 0L 5 18
23 MEPREUAARZNIF LT, S 25 R 0 E o3
4.5 J8b5 Ak

A LEFE AR PR AL = A R K MR KK BT bR [T E TR A B R AR Mt A 22 | ] S A oY
SO BTAEEAR] K BTHE bR R RN i IR AR S B b U AR REE ORI LT . 2T UL L 1E
B, S SR BT B i if 2R T 4038 FT LIV B A 4038 T DURIRTIK Z 2 m 433, SRLIR)Han Aol 4
AR AR AR AR 5 AR AR b B 28 ] LA T A 2
4.6 A AN ATRRE K FEVEM LI I St AT RR2E 4 A T3

FET AR ST 7k SR ST AR AT RRL A SR IP M HLIRIT et b il 8 R AT AR Y s 2 2. KE
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