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Abstract: [Objective] The accurate prediction and evaluation of agricultural product supply and demand is an important
manifestation for the improvement of agricultural monitoring and early warning capabilities. A multi-variety multi-link model
cluster to construct that can efficiently solve analytical technical problems which are difficult to solve with single links or single
models. [Method] The methodology characterized by "factor classification decoupling, parameter conversion adaptation" for
multi-variety agricultural products was proposed to build a multi-temporal dimension monitoring and early warning model cluster,
which took into account the important factors of agricultural products supply and demand, namely production, consumption, trade
volume, price, etc., the strong linkage among commodities, the entangled complex natural, social and economic factors, and the
multivariate strong coupling, non-linear, time-varying characteristics of parameters in the model development.[Result] The model
clusters were developed covering production, consumption, trade and price for different agricultural products, based on the "factor

classification decoupling, parameter conversion adaptation" methodology. These model clusters could be used to analyze and
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project the supply and demand situation of major agricultural products including rice, corn, wheat and meat in different spatial and
temporal dimensions, and to support the generation of major agricultural products balance sheets in the China Agricultural Outlook
Report. The 6-year average forecast accuracy was higher than 97%. [ Conclusion] The methodology of agricultural monitoring and
carly warning model cluster proposed in the paper has effectively improved the solution efficiency and accuracy of agricultural
product multi-variety model clusters, enhanced the systematic and intelligent analysis and projection of agricultural supply and
demand. The research provided a new technical method for systematically revealing the complex characteristics of supply and

demand of agricultural products in time and space, and promoting the scientific and predictable regulation of agricultural products

market.

Key words: agricultural products; multi varieties; supply and demand forecast; factor classification decoupling; parameter

conversion and adaptation; model cluster
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Table 1 Main influencing factors to be considered in the construction of agricultural product monitoring and early warning model

cluster

A Model variable f(x)

MK 2% Influence factor(x;)

e e "B WL HEE Bk
Production quantity ~ Yield Meteorological yield Temperature, sunshine duration, precipitation, etc.
(oP) BN AN PR TGO, BRI TN RHESE
Input yield Cost-benefit situation, expenses and employment situation, fertilizer and seed input, technology,
etc.
(ESU s PNBUR. STRABGR . IRTBUR. RFHLBORSS
Management yield Input policy, support policy, protection policy, science and technology policy, etc.
SRR ks e 4 WG . S SE SR NI . R R T AR A
Harvested Price competition area  Input-output benefits of the previous period, input-output benefits of the previous period of other
area competitive agricultural products, planting area of the previous period, etc.
A AR kel Ry
Survey area Questionnaire, etc.
TR NVDI # a5 s
Remote sensing area NVDI vegetation index, phenology, etc.
BB EEMIRE., BE A, FHEE, WERRS

Livestock production

Fertility factors, benefit costs, management factors, survey factors, etc.
UNEE SN &/ NS iy

Population, per capita income, equilibrium price, etc.

AR NI RA P B A b AR 4G

Production prices, GDP per capita, industrial growth rate, etc.
R RLAEE . BORMA RS . BN SR A A%

Production of livestock products, feed-to-meat ratio, feed prices, prices of inputs and outputs

B AAMIZE . RBE. HEH CTRCHL, ™ i B D A 2255

Domestic and foreign price differences, tariffs, import and export quotas, production and demand

MR A (EHRD M
Consumption Food use consumption
quantity (QC) Tolk iy 2
Industrial consumption
LN MER
Feed consumption
Tl FHI9H 9 FERTIRL BT H A
Seed consumption Seeded area, seed per mu
BikE R BHERE
Wastage Production, wastage factor
ok HEH
Trade (7) Import and export
gaps, exchange rates, etc.
ks KR 5
Price (P) Equilibrium price index

Production factors, consumption factors, policy factors, incidental factors, etc.
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Table 2 Cluster model production, consumption, price and trade general model form and variable description

R JE AR TEHBH
Model form Main variable Main parameter
ES OPerop=f (Y, Yi, Yina, HA) OPuop: 1M1 Yor BRI Yie BNHY; Yipe: FELE
Production FEy Ay WOERTAR
quantity (QP) OPop: Production quantity of crop; Vi, Meteorological yield; Y;:
Input yield; Y, Management yield; HA: Harvested area
Y,=(T, S, P) T: B S: HIEI; P: Bk 8 BT R
T: Temperature; S: Sunshine duration; P: Precipitation. d: Meteorological factor coefficient
Y=0(CE, FE, FI) CE: JRAWGIH T FE: SUHAMM TR FI ERBARE 0: BB T3ERE
CE: Cost-benefit factors; FE: Cost and employment factors; F7: 6: Input factor elastic coefficient
Fertilizer input factors
Yma =te(Pol, Man) Pol: BURIEH; Man: BURNE u: BURRHL
Pol: Policy indexs; Man: Policy factors 1 Policy coefficient
HA=¢(P, Pyups) P: AEIIRIEEG Pone: SEFARMII ISR EL e SEa TR ECR
P: Crop price index; Py, Competitive crop price index &: Competitive price index coefficient
OPunimat = fAYLD x SL x CR) YLD: HRGHIFANETE; SL: syIHEcR; CR: IR SEmEAL
YLD: Single animal slaughter live weight; SL: Number of animals  Livestock production coefficient
slaughtered; CR: Animal slaughter rate
P QC=g(FC,IC, FEC,SEC, W) FC: M (TR W%k IC: Tk sk; FEC: WM SEC: %0 IR 4L
Consumption PRI S W BUE Coefficients of various consumption
quantity (QC) FC: Food use consumption; /C: Industrial consumption; FEC: Feed items
use consumption; SEC: Seed use consumption; ¥: Wastage
ok IM = h(QP, QC) OP: j7Ht; OC: ot i L NS A TE S
Trade (7) EX=£0OP, QC) QOP: Production quantity; QC: Consumption quantity Coefficient of influence of
production, consumption, prices
ks {F‘V S,(P)- D,(P) = 0} P WA S PR IARE i Dy TSR R 2 AN R 4R L
Price (P) P: Equilibrium price vector; S;: Supply price vector; D;: Demand ~ Multi-product equilibrium price Index

price vector
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Table 3  Cluster equation form of wheat monitoring and early warning model constructed by multi-factor classification decoupling

technology
T AL R TR A e 5 W
Predicted variable Model equation form Variable description
PG T4 Swrs=Dwry Swr: /NEZRES i The total supply of wheat in the current period
Supply- demand balance Dyr: /N R FEK & The total demand of wheat in the current period
Tty Swry= OPwri+ IMyr,+ OSyr, OPpr: /NFEA 77 Current production of wheat
Supply (S) IMyp: /NFEHEID R Current import of wheat
OSyr: /NEWIWIEEAF Opening stock of wheat
AP OPyr, = YLDyr, < HAwr, YLDyr: /N2 Wheat yield
Production quantity HApr: /NEWERTEIA Wheat harvested area
(OP)
LS YLDyr, 1 = wi Yo wr, i twaYi wr, + Yo wr. Yiwr. Yo wrs /DZERGITE L BRI T L
Yield (YLD) W3 Yona, wr, ¢ Current wheat meteorological yield, input yield and management yield
Wis was war NFE Yoo Yio Yo S0 I PR RRAF 2R 2
Corresponding value coefficients of Y. Yi. Y of wheat
e Eing Yo wr i =wi ¥, W7',1+W2Ysm, wr.ct Yo s Wa ¥, e ws Yo wre ANFEUREE AR B G, RS R G DA R KRR

Meteorological yield
(Y)

NGV
Input yield
(1)

L

Management yield (Y,,)

T
Vel
Harvested area

(HA)

g I TEA
Price competition

area(HA comperition)

A AR
Survey area

(HAsurvey)

w3 Ypm, WI, t

YAWT,I = IOg(aYi + ﬂly' Inp_, +ﬂ2y' X

InCE’ + B} InFE® + B} InFI?)
Yonar,=(149)% YLDy,

HA WT,Y=(WIHAcompelirion,I+W2HASUWE)’,Y+

W?HA r:,/)'kADI

lnHAmmpe/ﬂiwr,F a+ﬂ11ﬂHA iong-1+

PR RGN

Current wheat temperature single factor meteorological yield, sunshine single factor
meteorological yield and precipitation single factor meteorological yield
wis wys war NEE 3 AT G TR ZOR A 0T N A AR AR B

Corresponding value coefficients of each meteorological yield model

Pz /N L—WIM k% Wheat price in the previous year

CE';: AW DL ZE M 5t Cost-benefit factor vector

FE;: A TS5 2 & Cost and employment factor vector

FIp: JERMENIZ W & Fertilizer input factor vector

YLD yy: /NZEIERI Wheat basic yield

y: EHLRTIE R % Management factor assignment coefficient
HAcompetition: DZEWHE 564+ Price competition area of wheat

HAgumey: /NEZTAATFR Survey area of wheat

HA,: /NETEIKIIF Remote sensing area of wheat

Wi was waz /N2 ZRRTREIN T ARUN RV PR A TR R H

Corresponding value coefficients of each harvested area model

AD: /NERRK T Disaster area of current wheat

ke RNGHREL E 0—1 2 — B, MRS I ™

Disaster index, a value between 0—1, the greater the severity of the disaster

HA dion1: /N L—IFEFIIHIAL Wheat harvested area in the previous year

BoInP 3510 Py i1

n 1
HAsueryJ = (Z w; X HA[,mrng:I )<k x ;

i=l

Pz /N E—Wih k% Wheat price in the previous year

Popsrrz SEFAERMEAEYI I £ — 30 R

Price of competitively related crops in the previous year

HAgurvey: VAEETFH R X /N ZZ AL Surveyed area of wheat in a certain area
HAjgurvey: SIS AR /N2 1 A5 TR

Surveyed area of wheat in the i-th village in a certain area

wir B i MR Weight of the i-th village

ke MDA A EL TR R R S A G 8 R T R R R B

The ratio of the number of all villages in a survey county to the number of all villages
included in the sampling frame in a certain area

re G A EN TR S 248 A BN TR He 2

The ratio of the area of counties under national survey to the area of all counties in the province
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23 3 Continued table 3

T A e R R X A e 15 1]

Predicted variable Model equation form Variable description

puidmpsy IniMyr=a" "M+ M MOPyr A IMyr: NFEETTHE Wheat import

Import b2 WLIM InPyr 3 WLIM, InXR, OPpr: /N4 A Total wheat production

M) Pyre = PLSHOTE AHA /N Z28E O 4% Tmport prices of wheat in local currency
XR: NRMAZEITIE% RMB against the U.S. dollar
apr: /NZEEHEEPRZET Errors of wheat import

WA AT OSwr= ESwri1 ESyri: L —W/NEWIARIELE The ending stock of wheat in the previous period

Opening stock (OS)

sk Dyr..= OCyr. i+ EXyr. + ESyr. OCyr: /NFZiH % Wheat consumption

Demand (D) EXyr: /NEHI I H Wheat export

74 %% #& Consumption

quantity(QC)

PR B
Food use consumption

(FO)

ARFT B TR Bl ek
Rural per capita

consumption (PCpyrar)

Il A4 IR gl
Urban per capita
consumption (PCypan)
(EERER e

Feed use consumption

(FEC)

bR gl

Industrial consumption
([0

R e

Seed use consumption
(SEC)

e

Wastage ()

i

Export (EX)

OCwr, ;= FCyr, + ICyr,,+ FECyr, +
SECwr, i+ Wwr,

FCwr,:= PCwr, rurat, s X POPwr purat, +
PCyr, wban, « X POPWT, urban, «

PCrurar=exp(ailnDPLyr urar
wInPrr, FosInPyr, FoulnPyy +

oslnPgg +b)

PCwr, urban, =eXp(a1INDPIy T urpan ™
aInPry, HosInPyr, roglnPiy
aslnPsp +b)

FECyr, = FERwr, 1X(OPpk,+ OPpy,.
+ OPwu, ;) +FERyr, 2XQPpr + b

ICyr, , = exp (alnGDP + b)

SECWT’ = SPMW[ < HA WI, t

Wwr, .= KLWwr, . *OPwr,

__ WELEX, p WTEX.
InEXcyywri=or" " +f x
WTEX
InEXcunwre-1 P2 X

In FOBcun,wr:

ESyr:
FCpr:

NFEWIA ST Ending stock of wheat

/N E 3 Food use consumption of wheat
ICwr: /N3 TV % Industrial consumption of wheat
FECyr: NV %% Feed use consumption of wheat
SECyr: /NAERNHTH S it
Wyr: /NE4iFE Wastage of wheat

PCwr, rurar = A NFEJ/NFZ I3 9% 5 Rural per capita FC of wheat
POPyr, rura: RF SN 4L Total rural population

PCyz, urban: WA 15 P Urban per capita FC of wheat
POPyr, urban: WS N DEL Total urban population

DPIyr urar: RAT ANIYT LB Rural per capita disposable income
Prp: FERIYBEHE Rice equilibrium price

Pyr: /NEWITNAS Wheat equilibrium price

Py TR HE Corn equilibrium price

Psg: KM% Soybean equilibrium price

Seed use consumption of wheat

DPIyr wban: SWHENIGTT LHM Urban disposable income per capita

OPpy: BN
OPpy: 1R
OPyy: 7" Mutton production
OPpc: B4t
GDP: [HN/E7= B Gross Domestic Product

Pork production

Beef production

Poultry production

SPMyr: RFH/NEFFHH Wheat seed dosage per acre

KLWyp: /NEHFEZR Wheat loss rate

EXcunwre: 22E/NZEH 4 National wheat export
EXcpywrer: B34 E/N2 H & National wheat exports in the previous period
FOBcuywr: UAAHEE TN 1/ 22 25 2 #%  FOB price of wheat in local currency

AR, RARTE R AR AR R AR 0], IR ¢

In the variable description, the variables without the subscript time indicate the current amount, that is, the time is t
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Table 4 Main variable parameters of model cluster and its solution

R A Y T7 R R AR SR AR T 1%
Model variable f(x) Method for solving variable coefficients of model equation
T (/L @t Ls [ S i ST R AT RE SR AR - R E
Production quantity Yield Meteorological yield Use historical data to establish regression equations to solve coefficients
(OP) (I i [ Sk e s 7 0 = 5 R sR A4 R A
Input yield Use historical data to establish regression equations to solve coefficients
(Esi L TSR EE . BRAWME S R
Management yield Historical data and expert experience determine the coefficients
EERE L CRN T BN RE I ZRIE % F > A
Comprehensive yield Expert manual setting and intelligent training assign the weight of each yield
L ENTTEA Pk SE 4B D Sl ST R T RE SR AR - R E
Harvested area  Price competition area Use historical data to establish regression equations to solve coefficients
A ikce &
Survey area survey data
BT BRI Er
Remote sensing area Monitoring data
ZRETTR LR N LB BE VI ZRIBUE % AR
Comprehensive area Expert manual setting and intelligent training assign the weight of each area
i VB S € MATIVEDIEE S ¥ R 13
Livestock production Use historical data to establish regression equations to solve coefficients
TH 2 TH (R 5% [ S A ST R T RESR AR 45 R 5
Consumption Food use consumption Use historical data to establish regression equations to solve coefficients
quantity Tolkwg 2k D S ST AT RE SR A - R 5
(%9 Industrial consumption Use historical data to establish regression equations to solve coefficients
L ERER [ SR S ST R AT RE SR AR - R E
Feed use consumption Use historical data to establish regression equations to solve coefficients
Tift F i 2t [ S S ST R AT RE SR AR - R E
Seed use consumption Use historical data to establish regression equations to solve coefficients
e [ Sk e s 7 IR = 5 R sR A4 R A
Loss Use historical data to establish regression equations to solve coefficients
A HEW M Uik Ry S ST
Trade( T') Import and export Historical data and expert forecasts
Wi Wi iR 2 JR BB R AR
Price( P) Equilibrium price index Local equilibrium model solution

I FH 2 B Lk M0 5 SR AR SRR I 50k, BRE T
B RS REfy s i, W T B AR AT
VSRR HESE AN 3G Ik o o A8 70 SR figt A 4 [ A 7R
B SEAR — B, K A R SR A (0 B4 S8 I
AWy i S 3 FE VA L I
A AL T P T R & T, AN TS
ESH, 3B AT O RE B P, 2
R “N 2 KA. SEER” HR, W
ROK il 7y A8 BB AR

2.3 BAFAERREEHNNA

2.3.1 BEBREKTHEFEAZTDHE RS KEHE
AT ARYE 34 4F 2 481 AN Gl A H B B A4
31T HIRX 2 000 2 AT ECE AR AVEY = 14500,

IR A R 2 (0 20 SR ol WA 1 0 R A
WEKENNBRAREERZEENLR, WRTH
[ A A A = e R o 7 R R A S B 2R I T
23 () ) A R, I i R XA 30 A5 TR AR 1
A TES G

2.3.2 BAIXERLEERERTFEHRAA ZE
PR TR A T S 2R I R AT S0 B KL A AT T, M
2014 4EE, EXFFREUKFE. M. Bk, HKRE 18
TR = AR 10 4 5B AT 5 1A P L I
P, dEH D EEREAT TR, JECER AR
Sl A7 22520, £ 2014—2019 4EIR], 4EY) (B
4 A0 WIMES ERG0H R & EREoT e, E
TR S 6 AR TN T HER R = T 97%.
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RN RGN, WARAE BB LIREUZ 0 K,
X SCHEAT T e 2/ 7 T o 50 D51 25 19 43T
JE TSR AL () T B . AR S R RS L
A R TMEN, LT 5 R v 4 IR T 5 Ak
HIRRGMIRINE, BB N E, S5 AN
. ARBFEFILAMEZ, PN AR = s i il
MRE R . DR 2BMR” s, T2
s P AR o P R R AR AL A, S5 AR, T
AMFEEEHREE (SR EEm R L, 5T
F2 TR T B 32 kR 2R AR A Ji D) 4 R DG H
JE],  REA R AN [ I 25 o P AR 7 i A R 2L R
F= B MR R FE, X AR = i 14 5% ) R 2 i R A ST
BRI TR, ff T 2 PP DR 25 0GR . S i ok
IR AR A A . AT 50 R A 7= S (0 R 30 Tl o
ANEIBTAGHEREREW . KR EZAEY)
PR B, i AR 5 5 A7 AR I
ZE SRS OB TERE, HARIR B KRR R A
N HBUR SR 23 PR 22 DA 8] s R 35 A5 X S8 53 % 1)
SOMR 22, DR R DR A R 3
ANE], AP S I 3 N 3R R s R A A (7
TEZE St o BRI, ASHIFFULE AL S AR L b 70 53 % 18 T b
Tofo 1) 5 00 D] 35 E AN 7] B 2 4 5 1) 5 ), SERL 7 TR 4
FEM W a7, 535 E . FAO-OECD % JF & I
Baseline %! . AGLINK-COSIMO #%! f1 FAPRI £
RULLA, MRG0 B s A U 4 T )32
A BRI, BIREBEATIR G B R fE
JEE B e

R (AT 5 R TS B HERf AL Y,
WIPE SRR e, B BRI S e
RSEAGE T, ) A AL s 4% S K RS
AR SE, ST RSN BB R, 2
TSR, ARSI Fh, is
H“SHUE ERS” HAR, N 2 762t R Lasso
[V U R A R i P A B, ST 2 I AR
AN ) A 7= A Y Ty FR A 0 e e S SR g . R IR —
B2 ROBE, AT DUAR A 3 — e o= i BB AR,
ok 2 B BE R C S L Sy — P AR P R SRR )
) — A% = i, T gk 2 HOR R A G N AS [R] B R
JE R R A R

FH B — R T a3 M A = i L R B B FR I AR
B, ARG IAAR DGR 75 B, HARAE TR

FEARFE « TR 22 W ) 8. DRk, 38 FH 2 Fh
BER IR G 0T, BRI
B S O M TN AT 25 T e A = R v,
HRFIPN Lk K AR PE 22 e Rl AR L ] 250 A R
IV [ PP BB R £ 5 S R IO (K S i DR B 3
RS RO, AR BAS B (g FOIRS 55 A ST 4R
T T rh, RSP TE I 25 A S ARIMA L VAR
Clr) & A BB FI VEC (iR ZEE IERR) 3
FABEAY, %F 2009—2011 4 F =A% Y 2 e SR AT T
TII, 2 SR WY 4 R IORG P S e BE AR . A T
WL, B APy TR ECT I B . ARIMA
B R BT 5 A PRI AR, AR BTl v 3
AT A Ok R I N A ks AT TN A, 4
3 7 2 B A TR L B A SO A L PR S R R,
PR 2 AR T S A b RN BE TR . ARBIF A 22 IR 35 9y
R R R B (LR b, W AL
B SR e 5B W AT BE A (B L AT B &
gE LA, AR U AR HOR P A R AR A
SLAR 2 3D (0 )5 VR

AW 5T AE o) MR B TR I RN T KB 20 #r
W, I Python IEE IR, I UEHE
CWARMEM #HP2F| ] GAMS () MCP $3%, L
gt m AR — BT R E . AT
Pt R An e CRLFE 1 s Eis R0 S i e i ) 4
AT AE Oracle B FErp,  Hp A) SO 4R 2 IR 7 K
SCAFE R Python fiv A5 N xlIs SCAEH, T A .
PR AT SRR gt e ) ) 24 003 AR 7 9200 22 R T 1 i
eI B AT VR, IR AR 45 38 (K AT I8 5
BE 77 X6 BT ) SR AR HEAT I o A R AR AT R B
AR, B TR R S S s B
P ARH R, H T SR AL BRI A) - f 1 B
AWFFCKH Map-Reduce T HHELL & THFISLIL T £
Sl RN 2 B AT A B AT s WeiE TR
Rest Web Service FJ&VET a1, DB EE S I B
T Ak N 22 TG RNA R SRR RAT o A8 AR P 1L T 2
JFRL K f#h, CWARMEM #7022V 12 45 36 I
(177 LA KL IAZh AR S LT, Af &4 3 T L AE
Y Py AR e (R 2 A A A A BRI O 5 N A g A A
AREE, A RITE R B AR . AT TR
EWEZH R T MMM E S BRKR, B
S FVRRAE QIR AR P2 i Bl (- A 5 R IR AR SR, R
IR 25 3 RIS U P v

ARFE 2 SR LT TS R AR A A, fEARK
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IR E 2 2 18 s KPR AR 0T B R AR 7 i A 5 Ok
ARSI, A5 RE TN WY 25 FE AN 4 1
A R RO 94, ICSESCBLTE 2 A A b e
T o

4 ZEig

AWFFCRIEM “ R MR S8 G R
PR AE RO, TR AN AR 7 i R S i
PIERISCIEC R, AR A=, WE. 9.
ks BT R, DRl I 2 4 RE R SR ARIBR T T FE 4
fENT SRR AR, AL T T2 d A ™ it
TR AR . MR AR A v i 25 5 _E U PR P ) 2
Fifi, e b Rl LR AR () B, I
AT it PPN AT, AR A SRAR R AR AR T T
ik T 22 it bl 2 Ak I 2 RUSE SRR IR SR A At AT 2R
SRR BEAL N MR, Sy B AR U+ 38 iR A ™ i
s AR T AR T
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