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Table 1 Different spatial and temporal scales for measure of farming sustainability

JR w R RE PRITERIN I ) FE i T RGN R bR EEFE
FM EE A TR (BUR LA TR FILE A R TR NI
. s HHGUE G AP RDIL A SRR . ' . e GRE TSR RIAEN 2B AR BRI H]

NS © KR I3 L AL S L K e o

A . B TR TUAEE R AR 42U S GG RS A 2D R

WO ZEC N BEES5E AL R RS ERRIY

M ai KA H AR B

PN APFRGEE 2F ERMRLE RS AR

e R ARG A A

WP FORRARH ZUR “rp[H 21 2SO i AH G
MES,  MRTERAE ) 1 BB A e Bl ROBE R pe b ] 4 28
PERT AR B3P b v] REL P 2 4 B AR R S
ARREEE I (0] 222 Py e iy a4 S R X 48
SEYEN P R FERE, PR 5 - S v Rl bE . PP
MV U5 R RE L AR MY IS v R 3 ML S
FHE Y 28 35 - E 25w R Btk & Fir 78— IR I 3 P 4P
B K, B KA B, SEBLRRRE DY 28 5 1 AR
R s FRRE M B T 4R B R YR 5 I T A A
M AR TRIRP K S A = Re 1 I EhRe, RIS IRAF AR,
SEIL AR BHIR AR s RN PR AT R AL P 4R T
b FTEIR AP b 0T Tl A B 95 () 35 % R AR T e AN
s T AES R G (R ARl A 7 B8
1.2 BigifpiEl e R
1.2.1 FERAEANR. AEAIAFREZ

BRI AT AT 3 NS 1 UMY & e
RGAE LA AN A BRE R R G, ANl
Yy BURERZZNNHIL . 2) HFil R g R E
AN A B RG, AAEAE XS (/)% P ) S5 i 4
A~ B DL N OB RZREN . 3) RS T2 VAR,
3T REWFIHN I AL RS, fabs BA vk
ST A N ) i 42

FF i N T M4 (improved artificial neural
network, TANN) [T FER IR AHFD (B 1) , %R
E LSRR ML ] RE SR ) 5 G AR bR AT AT, R
A BB P PRE Y e 5 R R A A (A
5 5 B S b Ay i e TR S W AR S I SR B (S
AP gy R AT A P B OO b ] R S T

Fabr AR B I BARBUE (O HrI) B R bk e B
Wb AR CRURE D, ik b B R R L 5 4t 2
ZUF R IR R 9% Bl i (5B 4R LB A A . TV AR Y
)% N A PR . ] e S A R IR SR AR AR, i e A
R b ] Rk

HRERAA R R AR HARZ . HEZE 1. HEN))Z 2
CEED FIHRAREI 4 E 450, TEHOaEME g%, A
KAWL N L R R R 455 . R PR ARIIA 3
LB R PIRE MRS RS AR, I DA
CRMIA" bR R, DA T R T R AR IR
SR, S BRI R R ) 22 5 IR TR AR AR R R 3
JZEE, KO HERZ . N2 RTRRZ, TR
T 58 A5 1 5 AR b A= 7 1K) 4 U SIZ e T B2 A O I FR A
P bR (AN 5 BEAH FLMT, AN A 0 i 1 e 5 S0 15 1y 2
JK IS AN I e T L R A
1.2.2 Wty

FIRFRISEL PR S S H 2 b (07 AR AR EUE]
B0 BT EAL, FLFREEE SN RS 1. RiEZ H
PREEMEIA RS S, MRS -AE SR R SRR, B
3T RGN [R5 T L, A R APk A e R GerE — 4k
235 06) (B 2) HFTAL R U7 B A . 6447 R Girst
FaEL S, W S0=8, (¢ FoRBHED , KFZTREKE
P TRFEE, AWRC AT RS SR A O TR ATl R
g, RVENSBORPRES, RACGKIARNTE, HVE NPk
Bo AMEERE M, B E, (Fix-4esmhRIh
OM 4%, B3 OM S5XLE OR MJef 6 B5 K, BERILN
PR AR AR N AER, =& 3vTH OM 1E OR
IR OP SRARBL, RIS SRS FEELFRE L N



T

HIH TANN g7 B My m] Ff 5 e Jig U A Y

215

r

HTEIE

________________________________

L TIR

PNy % i)

1 1!
1 ! :
| i
1 t
! i
R o '
| SRR T s o
! ¢ PR 43| smiwsusresr e
1
: »
L g, e '
1 g ()
! At TR |
! ! g
1 . . t
Vo mmes | R
i ser ¥
1 1
1
1
|
1

R

RENE TE

Ty BRI bR

LESUEAT ke

e T IEX

W

A ANZRREA

B 1 AT Bt A TAPE W 408 B 3RAP AL T 3 80 M T AAZ IR

Fig.l1 Design of early-warning processes for farming sustainability of county based on IANN
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Fig.2 Three-dimensional space of warning conditions
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Table 4 Division program for the warning degrees and their

distribution
sy upo | EWEAREIRE MR
AL % LR B HER
TEEX >0.50 9 10
X -1.49~0.50 3 3
X -3.99~-1.50 4 5
X -7.99~-4.00 3 2
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Table 5 Division program for interval of warning signs
PLi IRFERR Yo r T X IR A X AKX JHI A X
ARAEY) BIEFN R FAR L 2R yi 0.715 >1.84 -4.98~1.84 -9.81~-4.99 -12.20~-9.82 <-12.21
BRH gﬁy\qu\ﬁﬁ/}y{%h 0.624 >0 -1.49~1 -3.18~-1.50 -5.31~-3.19 <-532
AR L P E AL s 0.475 >12.08 5.64~12.08 -8.74~5.63 -15.42~-8.75 <-15.43
AR AR (4t é{{{%iyl 0.706 >-16.04 -21.95~-16.04 -28.38~-21.96 -34.63~-28.39 <-34.64
HEl BB TIAAZ I 3, 0.557 >7.99 1.93~7.99 -8.15~1.92 -20.54~-8.16 <-20.55
RZEH R 3 0.488 >-4.40 -20.51~-4.40 -32.63~-20.52 -50.65~-32.64 <-50.66
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Table 6 BP network output and actual values of detected samples
A J5ki 2006 4 2007 4= 2008 4 2009 4
S pR A TR S FR A TR 4 (N TR SEFR A THAE
i 0.3718 0.3490 0.4631 0.3956 0.3694 0.3677 0.3972 0.4491
BRI HL » 0.3151 0.2652 0.2538 0.2962 0.2887 0.3693 0.9000 0.7887
V3 0.2974 0.3051 0.3313 0.3167 0.3148 0.2796 0.3557 0.4206
i 0.8000 0.7046 0.7187 0.6920 0.8177 0.7124 0.5283 0.6444
F A »2 0.6978 0.6571 0.6947 0.6719 0.6727 0.7148 0.1178 0.1325
V3 0.3102 0.3463 0.2866 0.3159 0.2653 0.3670 0.1980 0.1371
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Table 7 Performance and parameters of WPCA neural network

3.6 i BP BiAF FEEMIRMINR

KA BP 5% i B0 & Y 2% SRR T
FEEVL[BP(n, m)]CREAS L N4 85 1) ) S50 B 445 WPCA
PR MG A E]D 43 AIREAT RA TR, I6iF WPCA
P2 104 e FH P b mT 4 8 I () 0OR . S OB
RERIBE (K 9) £W, 43t 10° k&EAR, BP Al BP(y, m)
W9 241598 AT I8 B 52 34 7 162 0.001, 5 WPCA M4
WS AE 2 2] W B LA e M S e R R 25 0,
T 47 T 225 SR ) o] S A O I

®9 BHNEFRMERZRITREMSH

EXAN7E (3 R B Table 9 Performance and parameters of different algorithms or
YA 1% E 02 S () . .
MARBRE RZREE models in Kenli
B 113 662 0.020172 105 sk ek g stum S0 B
HEH 117 523 0.029333 15.8 L B0 gD ezelh ezl
1=V > v — Y. > 1= 5
WPCA-BP % 001 EZ=00007462 g=662 02017 10
}\A?ﬁ%%% (i% 8) %’ 2010—2014 fﬁp}j%}:’:*ﬁﬂ BP 0.001 0.0937742 100 000 9.55 25
A RFSEPE AR A AL R R ) e 5l B AR AT BPG.m) 0001 00044609 100000 033 1o
FREPE PR BONHE. 5 2 DR ] R 4
5

JEAR A FAFATE AT 112 IO P 53 930 g AR AT 0 S 4 o
AL (p3) AURZEHI AR (p) , ABLT WPCA
e P 2 T LR IR

*8 FMEWAFHEMMEERSEIER
Table 8 Early-warning results of farming sustainability and
degree of warning signs
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Il n » » Il i »2 3
2010 3 3 1 3 3 3 2 2
2011 3 2 1 3 2 2 1 2
2012 2 1 2 2 1 2 1 1
2013 1 1 1 2 2 2 1 2
2014 2 2 1 2 2 2 2 1
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50 BAIE yiv yon p3 BES I 0.3440. 0.2619 F10.3941; B L yiv you
y3 BUE 4525 0.4032, 0.3181 F10.2787.
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Early warning model of farming sustainability in counties based on
improved artificial neural network

Zhang Jinping’?, Qin Yaochen*, Ai Shaowei!
(1. Center for Yellow River Civilization and Sustainable Development/College of Environment and Planning, Henan University, Kaifeng
475001, China; 2. College of Environment and Planning, Liaocheng University, Liaocheng 252059, China)

Abstract: Vulnerable to the fluctuations of economy, resource and environment, the development of regional
agricultural system may deviate from the normal orbit and result in a variety of warning conditions. In this paper,
scientific early-warning model system for short-term county-scale sustainability of farming measure was established
with the improved artificial neural network model as a core by combining skillfully with the “yellow” warning method
and the traditional systematic approach. The BP neural network model was improved by the weighted principal
component analysis method to optimize the initial weights of network. In the downstream region along Yellow River,
two typical counties, Kenli and Fengqiu, were selected as the main study areas to complete the four key steps of
early-warning. The results showed that, primarily, the county-scale early-warning model system for measure of farming
sustainability based on the IANN method had good operability. Secondly, the improved BP algorithm can not only
reflect the preferences of decision makers on the indicators, but also obtain a fast convergent and highly accurate neural
network model. Finally, the empirical analysis of early-warning for the sustainability of farming measrue in the county
scale achieved the desired goals and was in line with reality. The warning degrees in two counties from 2010 to 2014
were mainly light and moderate, on which abnormal fluctuations of warning signs from resource and environment
subsystems, especially those having greater weights, had a more direct impact.

Key words: neural network, models, algorithms, sustainability of farming, “yellow” warning method, the downstream of
Yellow river



