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Abstract
As an issue that affects basic people’s livelihood and well-being, food production also plays an im-
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portant role in affecting population mobility. Taking Jiangsu Province as an example, this article
focuses on rice, which accounts for the largest proportion of grain production in Jiangsu Province,
and studies the relationship between rice production and population changes in Jiangsu Province
during the 20 years from 1999 to 2018. In the process of research, the article determined that the
average annual fertilizer use in Jiangsu Province was used as an instrumental variable for rice
production, applied the idea of information flow to causal analysis, and used Liang-Kleeman in-
formation flow to calculate the information transfer between fertilizer use and population move-
ments in Jiangsu Province. The results show that the causal relationship between rice production
and population mobility in Jiangsu Province is significant, and that rice production in Jiangsu
Province is the “cause” of population mobility. The article uses two methods to predict the unna-
tural population growth in Jiangsu Province in the next 5 years and the next 2 years, both of which
are on the rise, indicating that the government needs to take corresponding measures to deal with
the influx of large numbers of people.
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1. 518

WEANOXZ, JFRARMERKRE R, FIIRE A S RN TR, AN Hsh e
FEAWTHEIN, N Rah AU S X R R 7RI, BlinsE 2 558075, 2 MmBARAA LK
ELZ MW T RIS, Rt mAl s, I 28 BARH R — € i . Kk, @ids
VAT B X RN RS EEAT TR, AN AT LA T30\ 1 8 5 5 B 3 e 2 KRS 1 S
AT DU FHA e — @ R _EORA T N AR R 4 2K

2. Ik

H A 2 N sl R R G AR RIS, SUF DR E R H A b, IR, AU R
578 11 B AR, ULRC CMDS-2017 5 286 ANl i it 24, KA 1V-logit A5 71 25 52 25 S i i AR 1k
XA 38T B IR R S S . B R R A AT B e 3 SRR A N R R R, (HRE TR
JIAPRIERR[L] . EHAK, PMRER R TS SRS R R 7k, WEFC T 1880 4ELISKUL I AMO
HAbRvirg R AGm e MR R R, SREW, E2ERERE L, N AMO R R AGE & 115 SR
PO KT RO R PE B, B AMO It KRR Ama S w M, RS 7S A
BAZIR[2].

A AT I8 A, R/ E A7 LB KK AE, WH70E 1999 4E % 2018 4F 20 4, 1T
TR KR RN VARG Z B R . e, KR SRR A A ) R T R, HARF Af
BEAE AN, HAUZ B AR Isem, Glani LR, P g ias, e AR A B F
57 BB AR AR B SR (N DTR3NSk T 2109580 11, B2 ME®R, (e 7K =103,
DR, 76 SEBRAIF 5T H DA B R A 1) T AR SR AT b o ARSI UL 55 28 A B A F e /K e e

DOI: 10.12677/aam.2022.113148 1356 A H ik


https://doi.org/10.12677/aam.2022.113148
http://creativecommons.org/licenses/by/4.0/
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M THAR, P UIEMHEMN DR MR R KR £HATRERIBT T, T RRER D
BRI AL SRR 2RI R K R o (EIEAS 22 2N DR RS 56 A2 I o A S R 2B 10 6 D I A2 G 12740
RS RREN, AREIERRRRR. A2 AR - 5 B 2465 BT E BAL S RS 5 NIRRT,
R WA 2 [ 5 BRI T DU BIRIE IR,  BEfah, MR MR, RIEPIH 2 E BSR4 E
AT LA FE AR “FR7 , WA R . BRI, RS P RASHEZ WS LS T, 8

- _ C11C12C2,d1 _C122C1,d1

o C121C22 - Cnclzz
Horf O MR 2, Cy % B X, FH IR 1 MO RE A 7 22 3],
3. WIRFATEIEE

AR B =M LRSI SRR, ARSCLALIRE ], R = S UL 5 4 R A A 7= bl i A
RIEKFEE B TR &, W90 H 1999 4F % 2021 4F 23 420, VLA F /KRG RAN DAL [0 B R .
N TR SRR RE S N, A ORI B IR SRR, FRIREKE, KRS AR T AR DA SR BR A
LA BB AT B b SN SR AR AR B AR . DL B ok B b [E G it
(http://www.stats.gov.cn/tjsi/ndsj/), F o A R BN EI2s EARBEK N 1, A 45080 P DASE 47 1
HLN LR B AR .

AICEH stata BT 0T, TELEPERCRI G JERE [, BIALRY RO MEA 0.96, 1IE A B AL A R B BT
FESEER oM, AKIEP= BV AR T EEO TN 5, HARA AT RER WAER . BRI AE N A R A
W75 ER AR, MR A B A G i) T AR Bk B kAL &, o7 TR BN B E B R
KF, WARSEA RN, wlAT DUHE S AR AR AT R AL R A AE R OG R o A SRR I3 A S L
AR K RE = B T AA R, —J7 AL B AR A A BOR ARG AL AEAE T3S I,
IKFEF RSN, S5, RN DRI BERRR R, ROz TR R R
SMER, FTELE R BIAKAT T . SCE BT B RIS B AR A AL A0 1 TR

Table 1. Variable Identification and Unit Name

£ 1. BLEFREMBARMBIR

FRiN B ¥ A
people MW ECE =/ E ISy NNE JIN

rice TLIRE KR & Jing
income VLIV FEBRAT DA B AT E SN izt

area TLZ58 /K FEFh A AR T2 b
temp TR ER SR BRI

rain TLIRE B K & LN

fert TLA B A A &= Jand

4. KBIS R

4.1, REMRIE

WG T ZF AN, AAPERIS 2 AP A fER 7 200N, 2 H Hausman £53%; 78R 7 Z1E0
I, iz H Durbin-Wu-Hausman 343 (DWH £556) . R85 WHITE £330 H45 58, K56 p {8 0.3474, KT 0.1,
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R AT DA BRI AE S5 07 22, R HL Hausman £ 56 . Hausman A 5645 S anldl 1, AR ¥E R s gh ST 4,
Hausman #4611 p {64 0.0327, /NFEIME 0.05, B A A A/KRE " BEIE NERARERNAN), FiLFHE
BINT R &,

—— Coefficients ——
(b) (B) (b-B) sqrt(diag(v_b-V_B))
iv ols Difference S.E.
rice -1.300889 -.5618774 -.7390117 .3461028
income 2.164734 2.099222 .0655121 .0306814
area .7427718 .0838258 .6589459 .3086055
temp -58.6281 -23.29061 -35.33749 16.54968
rain .2092569 .1625438 .0467131 .0218772
_cons 8418.887 8016.172 402.715 188.6043

b = consistent under Ho and Ha; obtained from ivregress
B = inconsistent under Ha, efficient under Ho; obtained from regress

Test: Ho: difference in coefficients not systematic

chi2(1) = (b-B)'[(V_b-V_B)~(-1)](b-B)
= 4.56
Prob>chi2 = 0.0327

(V_b-V_B is not positive definite)

Figure 1. Test results of Hausman
& 1. Hausman #1645 R

4.2. AARBIELE

ANAT R AR B0 A2 7 T B AR AN ORI T WA R RN, LR R Ho v T HAR R )]
AR EREARFFAEMAL R A FE LT, 2 75 2 A A Kleibergen-Paap rk LM G it & 47 AW . HRAE
2 WoRgi R, Kleibergen-Paap rk LM Ziit &[] p fE4 0.0047, /T 0.05, 445 R %, UEW TR
D KT8 T WA R AT AL
43. SIATERE

LIS 5% S ER IR IR T RAS R S AR RS B AR OGS . RS IIESL T, TR
AR AT AT 25 R AHECT OLS M2 A ZBOK . FEAEMALFE A GO T, 1ZA e 7 220 H
Kleibergen-Paap rk WaldF Ztit k47 HIlr. RAEE 2 BIRg5 R, Kleibergen-Paap rk WaldF Gttt 18N
15.383, KT-W2EME 15% MG FAE, [H AT DAEW iz R R fE e 55 T B AR &, AL AR B AE A TR
A BRI KRG 7= 2 (B R A G PR it
4.4. FEIRFILLE

AT B RO I T AR B RAMEN . TEAEMAL AR, %A Hansend
Giit BT HIW . B 2 2558 “(equation exactly identified)” T LAE HY, i T EAR BN HON Y A R AR
BN I AESE, ARG RN, e IO AR R EAE N T RAR SRR MM
45. BRI

FEARBBRIRT T, SCEAE R IR - 50 B2 A5 B UURIE WA B A A 1 2246 2 TR Y PR R R 2R
RK - 7w B EE B RS HRIRTIR A IR0 TR B 7 S0 R AU A2, ELI (] IR RRAH ). AR
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PE B AARRR I T g, AR RN DAL PSR AR P AR, A I TR, 23550 1 Fr 91 At — i 22 93
AbEE, P 3 ANE 4 ARG p AT AE . EBRRIRIPR, B TR - R85

S R A
Underidentification test (Kleibergen-Paap rk LM statistic): 8.004
Chi-sq(1) P-val = 0.0047
Weak identification test (Cragg-Donald Wald F statistic): 21,223
(Kleibergen-Paap rk Wald F statistic): 15.383
Stock-Yogo weak ID test critical values: 10% maximal IV size 16.38
15% maximal IV size 8.96
20% maximal IV size 6.66
25% maximal IV size 5.53

Source: Stock-Yogo (2005). Reproduced by permission.
NB: Critical values are for Cragg-Donald F statistic and i.i.d. errors.

Hansen J statistic (overidentification test of all instruments): 0.000
(equation exactly identified)

Instrumented: rice
Included instruments: income rain temp area
Excluded instruments: fert

Figure 2. Test results of instrumental variables
2. TETEKWIHER

Dickey-Fuller test for unit root Number of obs = 37

Interpolated Dickey-Fuller

Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Z(t) -5.345 -3.668 -2.966 -2.616

MacKinnon approximate p-value for Z(t) = 0.0000

Figure 3. Unit root test of population change
E 3. AOTLiBRAIREIE

Dickey-Fuller test for unit root Number of obs = 37

Interpolated Dickey-Fuller

Test 1% Critical 5% Critical 10% Critical
Statistic Value Value Value
Z(t) -4.560 -4.270 -3.552 -3.211

MacKinnon approximate p-value for Z(t) = 0.0012
Figure 4. Unit root test of fertilizer usage
B 4. (LR EREM R MIIRGT
X 25 1] 32 0 EAT I - v L2 (5 BRI R g ARIE e M R AT, x B x, IS RN
KA T, B2 3K
c _ C11C12C2,d1 _C122C1,d1
251 —
C121C22 - Cnclzz

AT LA AR EAE A 2t A R B S AR 24 0.04934, ARAZF R KRB L EEN, FIIEH
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X AT BB AT IR (4] SCE I T AN A 1) B35 K 90%, 95%7F1 99%, 43l TH B = FAS [A] i)
FZHACE R EGXE. Z 0 NMUSAEBGX AR, B NZERELREREN. ZFARKERS
XA 2 fias. NESEETTLLE HI7E 90%F1 959% ) B Z AR, AAEfd &R A DR sh 2 [AIAELE
EHREMRERR, MR, W& 3 TLLEH, NOaH e H &G A S 85 X R asE o,
R AT DA E AR R R G RAN 35 . WP LU T DAAE R, IR E R N s “IR7 , #ildE TR
B GEASC, B0 IS BB KRS BB NS A BRI R KR EsLbriz g, ik
BOTAT LR A T 2K RS P AR, A5 KRS B R B K kB R R g, IR SR % A
IR, THRH PT & B KRS () N 1 30

Table 2. Confidence interval of fertilizer usage on the population mobility flow information
2. WiEEREM A ORDESHENERFERXE

E KT EfE XA
90% [0.01284, 0.08584]
95% [0.00598, 0.0927]
99% [-0.0073, 0.10598]

Table 3. Confidence intervals of population mobility for information transmission of fertilizer use

F 3. AORzsiEERERERAENERXE

EMEKF EEXIH
90% [-0.04966, 0.01494]
95% [-0.05573, 0.02101]
99% [-0.06747, 0.03275]

5. AOFm
5.1. £F ARIMA #E A Oz

FEWIRA 1L o5 B KR XL M DR A B R E R KRR )G, AT — A HAARE R
KRG BRI AKIL I3 8 N O BRE) . fEARIRTT, BTRMGAAENERR, PrelA e p
B B fie /s I B BEAT [R)H . AEAS B AR 2 5, ARG 1990 4E & 2013 ARV A Rl 1T
A EKRE M AR . IR E R K EANLIR A FKRE&E, FH ARIMA BRXTZ 4 SHEFREEAT L
&, JEHEH 2014 4R 2018 & FRARAOTRINEL, MR 4G 1A A4S 3R oKk 5 ARVEI5 A N RS TS ,
I+ 5 SEBR B AT LU, A TRINE AN S bR BRI, BRI A T VA FE L

R 2sls [M[HAF 2SR, RS RERR p 1E08 0.00, /N EFEME/KF 0.05, BRI iz
B EMEE, WERERYF. BRI .

people = —0.9*rice + 0.18 * rain — 0.35*area + 2.22 * income — 31.66 * temp + 8133.31

BB TILIB RN OB J5, SCERFH ARIMA B 1990 4E % 2013 4RI 8 4F1)S
B YLAB GBI TLIE S KRRV E S KR~ AT &, JE3 5] 2014 4E % 2018
SELARFR T . H T 5T X AN [F] 28 B A AR RO AL, SCE DI KR~ & oA, 1T ARIMA
BRI A

T, CEAVLIRE FKFE T BT ADF BALARR S, 5 I 8] 7 12 SR T AR, 75 Bk AT 22 4 b
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H, AN, B TEAE . RIETHE R4S ADF Stit & h-3.426482, p fE4 0.010089, /)
T REMEKF 0.05, A, FIZTFy& RN, £ LB KK, LB RgiT& % EM /KN 0.00,
NTRFEMKTE 0.05, FUGZE BT AW P A % AR T A B AR DR B A G, 2
wE 5 ps. HEME W, LGRS EMHECE LR, fEHAXE 1HERE, 15 ARIMA
RS E B, 3 L E SRR ARIMA (1, 0,1), ARIMA (4,0,1), ARIMA (5,0,1), ARIMA (8,0, 1)
FTARIMA (9,0, 1) 7l B HIZ=ANBRI AICE, 455005 40 MR4E AIC HEN, JEEL AIC (A /M
BERY, PR TVT IR AR KRG R B ARIMA (4, 0, DR, MR HE AT 000 H RSk 5 4EVT 954 K AR 4R 7
, 2014 % 2018 “E/KRE = &N 5 1790.38 i, 1825.06 Jii. 1836.22 i, 1828.57 Jjlili. 1809.69
Jinli,

Autocorrelation
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Figure 5. Autocorrelation and partial autocorrelation of annual rice output in Jiangsu Province
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Table 4. AIC value of each model of annual rice production in Jiangsu Province
F 4 IHEEKEFERRE AICE

LAY AIC
ARIMA (4, 0, 1) 296.002
ARIMA (5, 0, 1) 300.598
ARIMA (8, 0, 1) 296.823
ARIMA (9, 0, 1) 297.835
ARIMA (1, 0, 1) 300.473

G AIRLI R TR TLIRE SRR AL VL5848 R34 B /K e AIVL 7548 R AT LA B AR AT A
WNHEAT ARIMA BEAUILE IR0, 93)45 Rk 5. RIZUALERTE T H 2014 £ 2018
LA AR BRI KN ORI TN, JF 5 HSHE AT B, SR N1 6. 38 I 5 FUIEL AT S AL AR X
bE, AL BME A S A S R R, M2 AR RO HER R BT . SR TIUN H 2022 3 2026 4R
CHRBEAFEARRAD, Wk 6 KK 7 foxs.

Table 5. Predicted values of various variables from 2014 to 2018
5 KRTE 2014 £F 2018 E£FNE

N TRIME
AR i AR gt

2014 2015 2016 2017 2018
IKFE = = ARIMA (4,0, 1) 1790.38 1825.06 1836.22 1828.57 1809.69

FEXSIER ARIMA (8,1, 1) 16.87 15.25 15.6 16.34 16.3
HERIRR K B ARIMA (1, 0, 0) 1029.11 1071.79 1063.94 1065.39 1065.21
e AR ARIMA (1,3,1) 2104.98 2086.24 2106.11 2149.86 2198.22
FRALL EBIEN  ARIMA (5,2, 1) 363.6 370.9 381.41 404.56 457.41

VL7748 AF H ARG 1 F0HE A0 B S B X B

8200
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~ 7800 ____‘,.___s»—rff:
< 7600 T
R 7400 ___o==T
~ 7200 R
® 7000 __._ 7
I 6800 =
6600
< 6400
6200
DO d N MO S N O N0 OO 4 N N < 1N O™~
A O O O O O O O O O O "W «w o o o o oA o
O O O O O O O O O O O O O O O O o o o o
AN AN AN AN NN AN AN AN AN NN AN NN NN NN

---- HSE Tt E

Figure 6. Comparison of predicted and true values of unnatural population growth in Jiangsu Province

B 6. InaIEERERADTNEMESEILE
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Table 6. The predicted value of unnatural population growth in Jiangsu Province in the next five years
= 6. KK 5 ELAEIEBREKAOFNE

Fy TL7548 AR F ARG KN DT
2022 8431.6778
2023 8457.2622
2024 8619.2578
2025 8607.6518
2026 8775.885

ARASHFILIE AR B AR KN DIHME

10000
—~ 800 o emae-- z—_’—’
2O
R 6000 ---
& 4000
i
< 2000
0
o N & O 0 O N & VU 0 O N < VU 0 O N & ©
A O O O O O O O O O o ™ = o o N oN N
O 0O o 0O 0O O O O O O O O O o o o o o o
I = =" A" A AN AN AN AN AN NN NN NN N NN
Fr
---- ASHE Tt

Figure 7. The predicted value of unnatural population growth in Jiangsu province in the next
five years

& 7. Rk 5 FIAEEBRERADTNE

5.2. ETHEERXRNADQRINTIM

b T RSB FREEARIET 2sls LG, A HLER ARIMA B8, (5 H &R E R TiI
DR, AT 2R AR AR BT 548 JF B AR K N D O TR X — Rl 5 34h, A SCE$RH T A4 —Fh oy
Fo AICKEFTA ARV IE B AR K N i a4 T, RN DO G, Kigm-Ees
AN OH RS BERRR KR BHAAE, ] DUBE KR 22, BT IR8 A Dis)
AR IEAh, T B AR R S S 0 R AR 81X — B I ER A AT I B/ 3[Rl H, RIS TR R
N FVHCE 2R, 3 ] DU AN R - O, tF AR &4, 1L 3R BRI KN H I T .
Sy e AN R A, BT T AR E R ERARK - w B SE RN E, SRR A0
o fa 2 4, EIUTIRE A IEAE A LI S KR = ) TR R T, (il = MAEE
RN DB AR B MR R R, TARERES ARG 2 FLIrdEaREK A0
IR - 7 B2 E B 8 fk 7 FoR.

AP H, Kleibergen-Paap rk LM Seit &1 p {64 0.0055, /T 0.05, #H48)5 R, UEM T
AR E DR TET WM RN A5 THARERRY, Kleibergen-Paap rk Wald F 4t it
N 11.374, KT REFEMIKT 15%MIEFAE, KIZBR A A THA R, BTzt TREES A
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AR RCEAEE, B e B E AR . BRIk, TEZEAL R, VLA R EAE N
TLIRE KR B0 T AR R G ER . THEILIME FIE M EALIRE S E B R AN 2 A i 2
R-o0 25 B EE XA, ZRE 7 Prox. WE 7 BIETDEH, 782 EVE 90%A 95% H7K-F T, 1k
B B0 N TR S A B A% 36 PR RO AR ) LS X TR AL 0, BRIE T BLIA A RR 5% 28 A2 7E 90%1 95%
R ZZ A TR R . AR T RAS AN A AR B s AH I, AT BLA YL 58 R K RE - B AN S 2
FERNLARAEARE RN O Z A EG B ZRBR R R, HARBE> 82N DREIE “B” .

IRAE IR B/ iR L% AR AN G 2 SERITL IR AR BRI I N I 2 ) A PR R, 15 3846
BN

people = —0.77 * rice + 52.92 *temp + 0.46 = area + 0.03 * rian + 2.06 *income + 6577.25

ZL MR R? O 0.9241, p {HM 0.00, /T 5 KT 0.05, 5 B iZAR UL & FE B Ay« ¥ 2020
A1 2021 4EVLVE AE KR &, YLAA SRR, (LR ERRK, TLARA G SRR R
DL BB IR, 7T RATHEL Y 2022 AT 2023 4EVT 7548 AF H ARG KA N D30, 4> %/ 8333.812
JINF18574.089 5N, AHELTZ ATHIEME, LA IEARMEIAN OB E FFHEH.

Underidentification test (Kleibergen-Paap rk LM statistic): 7.712
Chi-sq(1) P-val = 0.0055

Weak identification test (Cragg-Donald Wald F statistic): 13.855
(Kleibergen-Paap rk Wald F statistic): 11.374

Stock-Yogo weak ID test critical values: 10% maximal IV size 16.38
15% maximal IV size 8.96

20% maximal IV size 6.66

25% maximal IV size 5.53

Source: Stock-Yogo (2005). Reproduced by permission.
NB: Critical values are for Cragg-Donald F statistic and i.i.d. errors.

Hansen J statistic (overidentification test of all instruments): 0.000
(equation exactly identified)

Instrumented: rice
Included instruments: temp area rain income
Excluded instruments: fert

Figure 8. Instrumental variable test with a two-year lag
E 8 HwEAFENIATERIE

Table 7. Confidence interval of fertilizer use on the information transmission of population flow with a lag of two years
7. WIEERENTFEREAORMEREENEEXE

i E VKR BEXIE
90% [0.02407, 0.17859]
95% [0.00956, 0.1931]
99% [-0.01853, 0.22119]

6. 4578

AT E g VIR AR BRI N DB, R IV A IR P A i K A
TR, WHRHATRIR M. fi ARG, R AN S T HAZE R, AL
A KR B TR R LA, iSRRI E I AR RN D HZ BRI -
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SRR, R, LHE IR EALE A B RN DB A RE N RIRCR, HAIEE
MERANORENN “H” o R4S THAAEREA, 00 DS ML IR KRR =ML TRE N LR
HEEFRRKR.

EXLHAE AR AR K N DR TR By, SCESRA T MO RN & AT 528 . 58— P72 AR 4
AT H548 AR B ARG K N DOBORIVT 5 4 SR RUR . T B KRR I AL . TR S MK AT 54
TEKFE B AR, @i 2sls Jrvka s T RARE RIS . 3N DA & 3R RIS, Ed
I (B4 3 Mridk, XL IR R KRG S5 H AR B AR AT RIS, ol & B B #S ARIMA B4,
FHd AR AR 5 AT . 2% AR BINMEE, @R T A S b A,
THEHARK 5 FILHE N O S E ML SHE AT S, Mk R e, I LA T
TYLTRAE ARBRBI N . CEREL 1999 £ 4 2021 EVT A & A BHE, 1538 2022 £4 2026 4EIL75
BAEEAREEAND, FHANOH R BT A

ot S N eI PR SR AN X =W NI - b0 DS 2w SO 7 o = WA W0 = Ot = R L) N M Pl o ]
P - RS E RN RS R RN DR SRR AR B R G R IE, 0] DUR
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