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Fig. 2 Average comparison of irrigation water pressure index and simplified irrigation water
pressure index of each province in China from 2002 to 2017
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Table 1 Descriptive statistics

Ak iRes FEE P2 /M R AE AR
WK 148 50 % 0 33.92 35.33 3.08 158.59 432
AERFK i/mm rain 957.74 557.97 142.71 2555.80 432
Fj4E=10 CHEUR tep 231.19 64.11 119.00 363.00 432
HROHEE T AR LA/ % irr 45.80 20.56 13.70 98.64 432
A 55 8 1A /T lab 2364.44 2010.21 132.01 14886.07 432
Sl sl AL 51/% fir 0.43 0.12 0.19 0.81 432
INE A% I(OT/kg) P 1.13 0.51 0.10 3.51 432
IKFEMNHE/(OT/Kkg) P, 1.17 0.36 0.10 226 432
FRAAR/(TT/kg) P; 1.03 0.48 0.10 242 432
UEMHE/(OT/Kg) P, 2.67 1.45 0.71 7.78 432
HAMAE/(OT/Kg) P 2.77 1.05 0.65 9.67 432
MEMIHE/(OT/kg) P 223 0.71 0.82 5.48 432
Bisk Mg /(OT/kg) P 1.40 1.19 0.30 7.77 432
INZE PR T Y, 414.00 714.63 21.78 3705.20 240
IR /T t Y, 1042.85 665.83 110.60 2819.30 304
T Tt Ys 835.69 752.43 100.20 3703.10 336
TRETt Y, 78.09 112.78 9.70 719.00 384
BT Ys 13131 101.41 8.18 531.10 432




734 H % % | 2% i 35%:

KB/, Fon HEEMERACE A SIS FORVCHED, AR =i B s B AL
WK, ANREIR IR A 7= XA A B e e, e e 7™ X A EARBR I . 7227 M8
(. HIRX) JEEIN, A0 52 2002-2017 4F 59 F- 2 77 8 5 4 [ He R T
0.5%, MIANRIZMEEDNIZIX; 2, WDEZREIEDNT=IX, 2780, N,
KRG ERMG =X 2 E = B HEA AT 15, 7719, /21 FIHT24 8 6y, ™
X 55 T B

1.4 SSIEEBEERK

et (10) (OFERE |, 78 2% Nerlove SEUFREHY 1) [ SARTEOE N «

6
In Yik,z = bo + b1 In Ynk,z-l +bz 1nPik,t-1 xIn 51,:-1 + b3 lnPik,t-l + b4 In 5:‘,:-1 + Zb4+j lnP;‘/,,-l
k
(11)

+b,, Inrain,, + b, Intep,, + b, Inirr,,+ b, Inlab,, + b Infir,, +b,,CP,, +

b,WP, +bRP, +1,+v,
Kb P FOREIREAED I XA (D) (FRRED, =2002-2017; by~bis SRR
RIS SEG w i MARRUN s v IR ZET Y B Yo A8 048 10 R0 =1 WG58 A M
TEr=a (70, k=1~5, 06N/ NE | KRS, Bk, T35 o3R8 0 -1 IARHERE
IKFEHFREL (%) ;5 Puc 38 i 0 (=1 WIS KM EBEMI A s (Otkg); P38 iG1Hh
-1 RS kMR RIS R VB A% (Ot/ke) (=1~6), BIBREE kR EAEDIIY 6 Fh
LAY 4 A YAS R K 148 BOE T TAFEAERT , A8 R AU Nerlove BETIR Ak — P
3 Nerlove FERY R /K F 3 % (L 45 5k A S 0T R2 0 by, KIISE AN a=bo/(1- b)) 5 HR
BB B &), =b,+b,xIn0,, . KNGS, =€), /0-D) .

B SR . 58 I FIEIR S F SN RSN (1), BIRLAUHE T R Bk 7 i BE
AR, A EOKIGRHRAEBOR (CP) . /NERARSIE M ASBOR (WP, FI/KREHc ik
WA ASBOR (RP,) o /N3 FK R i AFCMAC I 1 SRS 194 SIZ it BsF [ 43531 24 2006-2017 4F- 1 2004-
20174, LB SRR NS BRI PATIE) F—5%; FRIGRTIR i
R I S ]2 2008-20154F, BARSGEV L FEA N SEdT . 77 &k, BIBIL,

2 SR

2.1 BRI RIS AT

Nerlove BB A7 4 475 B figp TR0 et — ity R IO, A A4 e ) Al ] 280 oy A B A 145
Ao TEShTHAREIEAGTT g, REe) UEATT (GMM) SRR, IR RER T
VEARTR 93— Al R b it . TEA RAEAEOUT , PR HE R bR D 22 A
W2, HOR M —Br Bl 4 2R e T R AR E PR GE T, PR Beflii i ge it
T A R R R

ARG GMM AT Z /T, 17 ADFAGE: . LLCAKGSS . PPARIGMIIPS Kb, 255K
J A S B TR 1% KV B BAAAR, AR s PRT S, RYGMMALTTHZ
J&, — PR PRI 56 5 26 GMM Al T8 T AR f MG 25 A Rt A 7 00 . — 2
Arellano-Bond ¥, T It R4 GMM Al 1B PL sh 5= B AETE F ARG, ANAETERI R
H— B BAFAEFF SUAH DG Z [ Be B [REAAEAE R SRR G ;- & M Sargan K656 L 7€ T R
AR T HA RS EARE %, R 27, Sargan #5561 Arellano-Bond 6 56 2 IH FIT 75 it



3 W & A HERUKIET . BRSSP SRR A 735

B PR T HASE A n] %2  Nerlove A K Sargan #3551 Arellano-Bond #: 3
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2.2 HEMAKE 3R A e S M B e KR RK wX B
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Eﬁ'ﬁK%)ﬁiﬁ ( 11 ) ’:P{E{EEJJ(HT Arellano-Bond #6556 AR(1) 0.023 0.003 0.012 0.048 0.036

j]if’g‘@[% lEl f)’H‘% E‘Jﬁ_‘éﬁlﬁ ’ iﬂ:ﬁ:j‘#ﬂﬁ AR(2) 0.845 0.253 0.671 0.996 0.432
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K BRI BT AR AL =48 TN STt I /INZZ A A e 2 AR E A, R oy i 3
PSR HEVE R 5 ZINZZ SR AR WA A1 IR SR X S 20 7t AT S BRI E T, /KA A A UK
XfANGZ . AN E 2 B IR
2.3 EBKENFTIREELEMENFm

FIFHAE 2280 Nerlove Y E— 25 AT HE /K 0 xR B b sbE A5 . e 4 ml
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#3 Nerlove =R OF4E R

Table 3 Regression results of Nerlove model

At INEE KA ESP/S CES SN
Ing,_, -0.140"" -0.316™ 02217 -0.145" -0.216™
(0.029) (0.060) (0.036) (0.066) (0.059)
Iny,, 0.555™ 0.603"" 0.608™ 0.604™" 0.718™
(0.050) (0.039) (0.042) (0.060) (0.046)
P, 0.899™ -0.030 -0.153 0.066 0.465™
(0.188) (0.080) (0.110) (0.208) (0.152)
InP,, -0.907"" 0.782" 0.469" -0.202 0.076
(0.200) (0.098) (0.123) (0.221) (0.103)
InP,, -0.116 0.213™ 0.661" -0.301" 0.268"
(0.163) (0.077) (0.104) (0.148) (0.114)
InP,, 03627 0.147" 0.179" 0.283"" -0.097
(0.129) (0.055) (0.052) (0.101) (0.106)
InP;,, 0.037 -0.077 0.062 -0.043 0.181°"
(0.092) (0.074) (0.054) (0.103) (0.009)
InP,,, -0.011 0.188™ 0.083 -0.102 -0.308"
(0.117) (0.059) (0.061) (0.115) (0.106)
InP,, 0.138 0.061 0.040 0.067 -0.432"
(0.123) (0.070) (0.061) (0.124) (0.089)
In rain, -0.341" 0.074' -0.029 -0.029 0.162"
(0.077) (0.045) (0.054) (0.086) (0.069)
In tep, 1.448™ -0.366" -0.107 0.045 0.631°
(0.274) (0.137) (0.190) (0.250) (0.332)
Inirr, 0.459™ 0.060"" -0.034 0.092 -0.443"
(0.116) (0.015) (0.077) (0.136) (0.122)
In lab, -0.075™" -0.020 0.094™ -0.018 0.188™
(0.052) (0.030) (0.028) (0.046) (0.044)
In fir, -0.049 -0.201° -0.085 0.166" 0.589"
(0.255) (0.104) (0.131) (0.207) (0.204)
CP, -0.224" -0.054 0.098™ 0.105 02427
(0.066) (0.037) (0.037) (0.098) (0.062)
WP, 0297 0.054 -0.074 0.074 -0.312"
(0.082) (0.049) (0.055) (0.081) (0.092)
RP, -0.223" 0.103™ 0.002 -0.117" -0.174"
(0.083) (0.034) (0.043) (0.062) (0.060)
il -5.266" 5.073™ 2.173" 1.982 0.608
(1.531) (0.854) (1.008) (1.420) (1.568)
RURIUR(ER 225 285 315 360 405

e TR GMM — ARtk 2 ARED; L T MR R IR 1% . 5% 10% K LR, TIF
A TSRS P HRSIE S ORCRBESS | BRI 0578 RS A it

BIPEIEAE FH 2 F R o TR K 18 B0 B 42 55 1A B A 7K RS A T K AL 5 5 43 3] 2
5 0.199 F10.169, KA A 0.341 F10.335, FE/mHEME /KR SI7E 2002-2017 4555 7 B i



3 W & A HERUKIET . BRSSP SRR A 737

T4 TEE Nerlove EHEIFIEIFER

Table 4 Regression results of heterogeneous coefficient Nerlove model

At (FARXEOE ) N IKFE Fok TR BEN
VAT /K 7748 B a3 45 21
InP,, xIné, -0.254" 0.199" 0.169°" -0.308"" -0.157"
(0.145) (0.089) (0.071) (0.118) (0.091)
P, 1.665™ 0.557" 0.645 1.678™ 1.159°
(0.476) (0.283) (0.611) (0.253) (0.326)
Ino, 0.268" -0.089 0.248"™ 0.161 -0.009
(0.010) (0.057) (0.039 (0.135) (0.110)
Iny,, 0.541" 0.417" 0.495™ 0.618™ 0.509""
(0.051) (0.043) (0.043) (0.061) (0.060)
DATRTALTHE R K He 348 25 m] A g 8 2
InP, xInd,_, -0.337" 0.508" 0.305 -0.213 0.367
(0.154) (0.122) (0.091) (0.113) (0.158)
InP,, 1.944" -0.640"" 0.228 1.263™ -0.380
(0.449) (0.180) (0.057) (0.265) (0.410)
Ino,_, 0.079 -0.078 -0.066 -0.323" -0.507"
(0.087) (0.063) (0.058) (0.133) (0.179)
Iny,, 0.591" 0.750"" 0.700"" 0.533"™ 0.367"
(0.043) (0.039) (0.040) (0.050) (0.157)

TE: 25 AR 58 3 T Arellano-Bond 16 36 Fil Sargan K636 19 B 5 HA 4% 1) 48 5 5 Nerlove #7 [1] ) 45 S AH
L, AHS

FIKFEA F R P AR, R AUIEPLR M . S A . MUARAERE . /K
G5, PN E ARG . M N AR AT K AR B AT
FRRIEESE, fRiACEBK R 148 50S AR & afe st . | — 1= it i REOK/ N R A ARk,
RS 7 [ FAB R /AR —F, i HEERARR B3, VLA R RE IR K T 48 br 258
Wi (L5 AR A A X, (R GBI 98 58 X AN [RIVEIE /K 48 LA — i B AR fe

THEE 7K R AR 7= i 1) VR R RK R 25 3k (%) s e 7 T 2R B 1, %o LA e
EAED R 7 e AR R Y, TR IR KA B K R Rl R AR AL I ek, Pl RER
I HEWE K 0K AR 7 w0 A IR E T, K “HERCRIFIS” %, SR E
F2 7 XK = L DS T R S — 8. 25 1, BEEVEBK R i3, g G2%
FEALA M S IRAC, KRR FORBEA TSI, 5 2, HABEEAL T, Br
FORLE YA BEIAH ) A s, VT KR ) 1 2 3 ek ) 2 A P B v KR R K P
Eb, BPSEOR S AL =S F A S K o
2.4 EHKENTARRBEFXHHEAEETH

FEF AT DXHEE A A8 5L, nT AR LS SR i 23 AR sh i T3 (R 5).
201745 2003 4EAH b, BEA FEWEAK R I3, A B 25 sk AR Sl B AR B/l ok
(3.704%) . KFE (3.663%) . EH (-3.427%). /NE (-7.014%) FIE2E (-10.748%) .
MESRIA R, 4 EA AR EVE AR B SIRE/N SR T AEHE R T R AR 7™ o 1) L
AR AR B s I R E T, 4 ER B A P2 a5 R4 A8 A ok K L ) R e o
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F5 MAEIFXERKENSHRRREDKARSEEZ MR =T
Table 5 Spatio-temporal changes of irrigation water pressure index and long-term supply

elasticity of grain in main grain-producing areas of China

TEWEK 985 [ 2 B

SIS % INAE IKFE BN SRS RS

UNEERA 2003 4f 28.773 1.768 2.102 2.889 1.684 1.286
2008 4F 33.288 1.688 2.152 2.959 1.566 1.240

20134F 36.314 1.640 2.182 3.000 1.496 1212

20174F 36.026 1.644 2.179 2.996 1.503 1214

FRE 77X AN/ 13.491 2.188 1.844 2.529 2.295 1.528
LR 6.094 2.627 1.572 2.151 2.935 1.783

Ak 8.993 2412 1.705 2.336 2.622 1.658

ik 25.598 — 2.062 — 1.778 1.324

77 24.896 — 2.053 — — 1333

il 13.542 2.185 1.845 2.531 2292 1.527

S 15.436 2.353 1.847 2.387 2.384 1.526

e a7 X . 147.866 0.863 — 3.669 0.364 0.763
INZR 61.755 1.346 2.363 3.253 1.068 1.042

b 70.360 1.274 2.407 3.315 0.963 1.000

e 28.555 1.773 — 2.886 1.690 1.289

BRI 9.758 2.367 1.733 2.374 2.556 1.632

o7 75.453 1.235 2431 3.348 0.907 0.978

bk 46.442 1.503 2.266 3.117 1.298 1.133

S 62.884 1.480 2.240 3.137 1.264 1.120

T b =" FORZA A RTREEY X, A8 TIHHEER R IR, BOTEARI g

INFZ RS KRS LU B S R . S LB R

MZS IR, 2002-2017 4 V-2 K 1485008 T 60% 044 4y i dl . 7,
@ﬁmﬁ,wﬁ%%ﬁﬁﬁiﬁﬂinké,mﬁﬁgﬁﬂﬁﬂ@m%%m%%%ﬁ

o XTI HEME K B AR B T X, KRR A A2 BIREE K R, (PR iR
ﬂﬁﬁﬁ@ﬂ&ﬁﬁi?ﬁ%?%ﬁmm,A%Hﬁﬁz&ﬁ%iﬁnm ALy
M E X m G T SUAR, 8. WG VEIR IR AR /N R
WA X, INE ., R AR, 2B R AR R KRS 45 b
FEXTAL /N o A1l DX FOR LG B4 R T ARy, B PR K AR 7 ELA 36 1y 5
FRA 75 ZEAE A i B LA, AR P /K P-4 e i A R £ 7™ DX ) R R AL 28 S A X
R SRR RS R BRI E = B EEAEA, KT )
IS AR AU 7= X R OR MUK AR = FL s, m iR = XN ROk =
() | I € e e 1]

3 énlb 'ﬁﬂ‘l/t\,

&it
KT ) 2 BRI AR ™ i, i a2 Bt 2 Sk (A e 1 P TR Ay 4
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¥ o AEF AT R T G EAR TR B h e A E R BOR T 52T, KR AR &
HEPEEE R ) (R A O AT O . AR SCE T8 R Nerlove BRI A1 2002-2017 4227 44
Oymm s, AFRASE T

(1) BEEREB KK, EEAERDE TR, bR = & N, iR
MKREBNIN KRS, # GRAVNE, SR EE S5 EMA K. 7 H NS
M, /NAZ. KR, Bk, BIERIESAEY L2 s 43001 0.899 . 0.782, 0.661, 0.283
F10.181, K HIHELE BPESr 1 2.020. 1.970, 1.686. 0.604 F10.642. M 35S 1EYH
B AREA S SCRFBOR . ARQEB ARG 57 s s E AR . it SRR B A
SRR B A 21

(2) FEWEKE SRR UL st i 52, B TR /K e e 1) A 7 B ol B Fs 850h
RIS EAER , RO T BUER N 15, /N . G2 MR Kt
P43 5 R R 0.553 . 0.806 F110.320, 7K A8 A1 K A < 1 1L 45 5k 43 531 #1255 0.341 F110.335,
Ktk 7EFTA AR SR AS SRR RIS, K R 2 38 it 2 i 1L 40 s e 2 41 0B /K e A T
KA BN, R A PR A A S INAE K

(3) MBI, ERE/K S st A E AR T 2002-2017 4F4 [ £ oK™ & L
BRI, SRR E ) N, MIHBIXE, B R B AR a4 stk K
F/N R ER B NE L KREME, T RE B KR E A KB £
Ko KFE. ANFE . BSOS SSAHEMKIE S HIEER, BT IXUNE R KR
RGN . K FE ™ e LIRS, VEE K R i b Ty X R KRR A ™ i L g, Mk
FELERIEINAEAK, BT CVEBRRCREEL” A,
3.2 i

TR 7™ £ AT Bl 2 VWK R I S I 2558, R R AR 7= i 4 PR b K
FEAE P WA AT R KBS R AL T e, XA SQIBSRE 1l AT i s E A o

(1) TR T 38 5 D R — 5 T kg B A I i S8 48 v 2 AR T M SR K 1) oK A P2
T3 — 5 TR AR A 25 15F , BU R BE B 1 R OK L R AR RARTEAR Y A 11 P — 32
Peo FEALZAHE b, RPN oK 327 A A RO T KA T R A A A — e b,
XoF B R AL AR i DA TR AN A% A2 S KK R T, AR P00 ] 180238 K A R
BB R AR DISCIANE R L, MR FORIE R H A, WA RS IS
Then, A B2 3o 2 im B A X TG i ORI A

(2) HEWEKESIRIKFEAE A HAERR VRN, (BEORSE D R AL b 1l
Yk e A K RE A P IR AR R, B AR T AR I I e VR T, 3Rl “HERERICR
FER” BB PR RIIR” . AR, T RS . I ARAEK IR Sk AL REIX
P K FERIRE AR AL 00 B R T R R, 4R KR R A= i, K ]
RERFLRIG I, K IITCTE R KA R AT RS e A . DRI, A7 A B X b I KA = IX
SRR RUKFRERIRE Y ACK B, B IR RS KRS LK IEREAT R, A&
FAORAE SR B AR B ML K BRI A R

(3) MEFREEIATARN T . Rl A= KRR & AR A 7= S RRBOR
RETNRIT & ) o ARE SCRFBOR N 0] LRI . ARV AR ST T il AR, skt x) s—
WEVEY L Rg | R e b FPEER, M S 20 &A= S5 HE A A . 5 —J5 1,
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XK T BRI HIX, W LAY A= 7 FH K 803 B v ms L AR 20 FH /KRR AR
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Irrigation water pressure, supply elasticity and grain production
structure based on heterogeneous coefficient Nerlove model

YANG Xin, MU Yue-ying
(College of Economics and Management, China Agricultural University, Beijing 100083, China)

Abstract: Although scarcity of irrigation water restricts grain production, it can promote
agricultural technology progress to increase supply elasticities of grain. To shed light on the
comprehensive effect of irrigation water pressure on grain production structure, this paper explores
the effects of irrigation water pressure, grain price changes and their interaction on the yields of
different crops based on heterogeneous coefficient Nerlove model and panel data of 27 provinces
from 2002 to 2017. The results show that: (1) The direct effect of irrigation water pressure on grain
production structure is increasing proportion of corn yield and reducing proportions of other crops
yields. Specifically, the magnitude of that impact is in a descending order from rice, potatoes, beans
and wheat. (2) The indirect effect of irrigation water pressure on grain production structure is
decreasing supply elasticities of wheat, beans and potatoes while making supply elasticities of rice
and maize even larger, which contributes to the increase of proportions of rice yield and corn yield.
(3) With growth of irrigation water pressure from 2002 to 2017, its comprehensive effect on grain
production structure makes a significant increase in proportion of corn yield and a significant
decrease in proportions of beans yield and potatoes yield. Regional analysis reveals an increase in
yield proportions of maize and rice in main grain production areas of Northern China, leading to
more irrigation water consumption in this region where scarcity of water is severer. And this finding
of our paper is a support for "the paradox of irrigation efficiency".

Keywords: irrigation water pressure; grain, supply elasticity; production structure;
heterogeneous coefficient Nerlove model



