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[EIBR R BR BT FE DU & H H i /)
—REARERDOEFRIGER & T ORI —

INAR—AT « FEJIEF™
RIS R BR R A EA sE & —
(BUE : A4 EEEY 7 v PETHRRFZ VX — - BREEEG KR
“JIRCAS (BUfE : RS SRR A i v 7 —)

Abstract

Nitrogen fertilizer has been excessively used in China's crop production, resulting in large
environmental impacts on the atmosphere and water systems. To assess these environmental problems,
JIRCAS has conducted a collaborative research project from 1997 to 2004, entitled “Evaluation and
development of methods for sustainable agriculture and environmental conservation”. The research
was carried out in three intensive agriculture regions, i.e., Huan-Huai-Hai plain, Taihu catchments,
and southern red soil area. Field experiments and monitoring identified croplands to be a major source
of nitrogen loads to the environment at all the regions. Especially, large amounts of ammonia
volatilization equivalent to more than one third of the rate of fertilized nitrogen were detected both at
the paddy and upland fields. As options to reduce nitrogen losses from croplands without yield penalty,
use of controlled release fertilizer, animal manure, and deep placement of fertilizer are recommended.
These options are expected to contribute to reduce environmental impacts of Chinese agriculture,
coping with a new direction in Chinese policy for “green society” that was recently incorporated in

the 13th Five Year Plan of the government

1 1IL®IC

HENI SRR OB D EE - HEETHh 50, THREBITICE b 5 iifsm k& ik
THNAEME, TEORBBEFEZBARIE, BELCENICLEMICO KA ST TE
oo K. /NE, NUERaTED [8W) 2, BHEAEHZMZT [ (PEEETIX
DFA ) OFMARE I, FEAMAT 1980 A RHIFAICIL 3 /8 2,000 T R BRETH -2
DA, D% 2000 R4 OEAFEM 2 BRONTH 2T, 1996 21X 5B F oy 2011 FiTiL 6
BhrlcEnNENE L,
CORBHREEEEIX. MLV b SEIERBEHIFOEHICL D LD TH DA, FFIT,
LR ABDOBINOFERRE WV, K 1 IR T L 512, PEOERIEEHEE &M
X, BRAEEOHMEIZIZWATL TR, PEITHARKOBEEEL 2o TWnD, FEIC
BT 2 AL S & 72 0 )R FADEHEE &1L, 2000 FRIZICEBWT, T TICERBERRKCK
SEEOEAEZ TWe, &I, FETIEL, FrfesE L [FERIC, Hulkiz X 2L EEHEE
BICELWENRD D | BRSO RILIIRO gAY 232 U5 TlE, 1990 R KD . 23
I X 0 HIT DML EDOHR] 400 kg N/ha 8 2 D BHZBIEEIRFA SN THLEIRTH -
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7= (Zhu & Chen 2002; Zhang F et al. 2013)
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DX D iR R FEAER OB AT, FFEOBREME L 5 & 29, H AR IIK DK
B, WRSCNE O EREL, BAET HIREBET A1 & 5 ERIEREL, REE A il
B ARG Y BRPERE L K& ROk 1 (PM2.5 72 &) OO E T % (Mosier 2002) .
ZO XS R, SR TIE T CICRE BB & 7o TER Y | bR A &I 3R
BmcdH s, LarL, FETIE, RECFEEOBAEN R, BELHREVKFETH 5T
ROKE, WAKBMNIAFECRTT 2B 2 LT, KRIGROEZLISHER S FHETH
Do = RHEIERICHT TR AE A b L TS < e BRORHFOMED O
ST A FIEROBANR L EN TV D,

2 BRI - BR324 B P kRS

1) EFEFZE T ey =7 hOE

[EI B AOK BEEMFIEE v % — (JIRCAS) TiX, PR 9FEE LY 1SHEEE T, HEICEBIT
2% 1 MG 7 v =s b THENCEBT 2 EEERRE IR O R A P K Ot BRI R E il o
BAF) ZFEM LIz, A7 r Y7 b THEE INTZDIE, (1) BETFRAEESEDOZEITHIS
U 7B PETREA Y AT A DFEEE, (2) HEREHE W O R L 24 8 A= PEH AT D BRI |
(3) VEEM TRIHBAM OB TH Y . REICK T 2 BEHEEZ RGNl mn bR L, X
0 TRELTENRAETE) b3 ooREHIMmAZRIET 2B E LT
Too LML, BRHEEEZ B LT-BERINIT. Z2< 056, Z0ADOMIE & L TREAM O
WRELELT, 2OZEN, BMET D [ZELZENRANR] ZHETDL TAO7 11—
KX 7 12720 indadanyy (1K 2),

Z 2T, EROMENEQUCEW T, TFHMAERE] OMELZ MY 2508, [BREReR
R PERT OFEAM & B ERE S AL, WU L FIERt O BAZ L E L, mWEmA
PERZHERF U, BREE L FRFN L= RER A & ATHE & T D BB R o RS 21T o 72, =
OMBEICBWTIE, TOHEL LT, ey 7 MEAYSEHC P E O EENE R L TVl
TOREERME (F—27 2AFay) EZDILEEEZT

O PTEOENBREBEES AT ML, BEICEDOR SRS AT FE2EXTNDHD
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T EGERER &R O RERERELFE R L. (R D, B 11T, PUEra T —/NEEE
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32 [EI R B 3R 7015 4 No.87

F 1 BB R 2 FEHi iR & b S sk

20| wm weww eur oem 100 TR g lwmiolman 1| Tt ofFRal A4 FRIS
o] =um(°C) =(mm)

(1)_1 =TT 2L > < >

(1)-2 #EETR LIRS lelf;/ 75 125 00 | >
(2)-1 | suzEis | b 588 <t -
(3)-1 - >
2 sk STRE AR-0E R 61 1075 | == >
(4)-2 g >
Eg;:; S | HRIE KEEE BB 180 1310 | ¥ = :

<P FESER < LEHE

3) HLEFZEE e Y s NOR RO

FIEEARRRIIBTAEZELZTLE LEEEECZOFELZHE LR, T XToMs
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$ ) EOFIH, WEMEENAETH D Z & 2R Lz, i, IEZhaRETRAREr o B 70 i
HICEY, 7UoE=7THBELT KBICER T2 2W6NI L (¥ 4), £/, KH
H 7K DK i E D HIBUZ DWW T S AR OFE R 2157, UL EOFER L0 | St Gz s
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D3RS S 7z (Yagi & Hosen 2003)
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& A L7- (ZhangSetal.2010), & DFEHE, #T iR ;
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(2) KIADAKEIHGT BT 3 IR AT O F 2R
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725203 LU0 kg ha'! y! EHEE S, FENEHOREIERSNICHE KT 523, KigEE
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4), WABRF DKM LV | KRB EITAZITHEIN L, BT O 50%8 0 i I & T KDL
BEF O NEINEITE T Ule, #BERFOMMIC L Y REREIC L 2BEREAMED
AR Sz, BLE2 D SIS0 KRR 1308 ) 70 N 20 3 5 AR 2 B A T e i 2 o>
50%IBAE T 5 Z L S HELRE S 72 (Wang et al. 2010)
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Abstract

Chemical fertilizer plays a very important role in promoting agricultural production and food security.
However, currently the amount of fertilizer used is too large and the utilization efficiency of fertilizer
is low. As a result, chemical fertilizer has become a major source of agricultural pollution. In order
to coordinate the relationship between agricultural development and environmental protection, China
and Japan have carried out a series of studies on efficient fertilization and environmental assessment
since 1997-2016. This paper reviews the main research achievements of the 20 years of Sino-
Japanese cooperation, expounds the main achievements and revelations of the 20 years of
cooperation, and puts forward some thoughts and suggestions for future cooperation. It suggests
some new ideas for Sino-Japanese cooperation in future with high quality production and

environmental protection in agriculture in mind.
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1 oA &R & BRI R R AR Y K D
1) BREBECREM AR FERT DO BH % & FEATAFZE (1997 £-2003 42)

FERED B BT EBIED OAFERZEC L AFHOR BN LB RBEHERT 5720 ThH D,
L2 UEGHE 30 4R35k, HE L AR F B IRkRE IS AN L7223, R RRAE P B D s
IR e o 7o (RESHTE. 2008), FIRFIC LSRR OIEG B 2 HIZ k- T, BRELS
ROMENETETRERO IR o7 (TR, 2017, F1E0E, 2017), (LFAEE O H
CEBREOBBRESET DD, 1997 5 2003 FE T, FHMS X 7 ERMICHZ5%H
BUNE O )7y =7 b THEFEEAEERORRAE S SEFM) 27 —<IZ LEaf
THEFETL, TONEDOO LD E LT IEBRERSIRIEAPERIFOBRSE & -l 236 -7z,
Z Oy DN T ERER SR D HEAREMF TR R, R ER R R R AR SR & B ARE RS
EMKPEZEN S 7 — AARREREEMITEIT SO T L THEE LSO TH
Ho RT Y=y MIP-AWHIOFHRITTEED | B EERFEM B ORERH T 0P =
J N Chol, KT Y= FOWHEIE, FIZULT ORI T,

(1) LBEOFEREHE BT 2R P ER ORI — h O

LSRR T E DI T b L — S BIXREMICRIN S, — L B o PIsiR e S i,
FOMITEFIEE O EE S & R ENTWD, Wik L5 R L, #HFAIC
B L, E2TMEKIZHEA->TLE S CRIEE. 2000 ; Guo et al., 2004; JEHERK, 2017 ;
BB, 2014 ; REARSE, 2015),

HEAE T His D/ E- b U E w3 L ORERIEIZB VLT, T U E =7 ORI EICKIRD
BEEIZmW R Er a v OAFEICRAE L, BEROTAFEIL 194-713%DMTHDH, L
N UNEEBTYICB T 2 ZBHEOFRISRITDOTI 1.4-2.1%, FEF 7RO — HI1EKmEH
FEIZRWT, BV OR E BOWROROEFTHICBIT 57 V=T OKRITIEFIC
<, K25-41 % (CE¥BIE35%) TH D,

EROWBIEE, LD TIENEEE MR L, BREETDT 2% b0 Th s, TEIL
TS O/NE- N T w3 VEEIERI ISV T REN IO SN D T vrE=Y
DZEDY | TUEST IR S MBEERICE L, TUyES UV LAGHEETT IR
L., ZHEHEBREWNBEICLET 20, MBREEROGHEENMRAIZES Y, Z0%IX
TR LAGHRE AR, KRIGHBEOICE D LSV EHEFFL 0D, ERRThnb 2k
(X, IEILHUE OBERE S A T DB o TV D EHIZB W T, BT ORI EE
BNAAL L THD, ToE=ULEAENES R, HBEICRESND Z L5720,
FEWE R D B RIEBUL E IR ER ORI CH 5, 7 HIR O —HIERERESIE 20
T, KWAEBMOKBITHEMICEWNHIMICH DREOKBEEZRA L, RRIZH HRER
HHTWDLT720, BEREBOBL L H L0, EROBENEITOTMEEED 1.4%Th 5,

] 0> B 5 MU X KRR DS 23 A A > T BT —AE R b DK EPEK AR L,
—H O Rk T IL A OB OFEEZEHALTWD, SHICHOBEKENSZ L,
MEEZRNEDLIRKOEDLZ W20, M CIHEMORE I TAAZERITRKICTK S
D, FOT=, MIFEORKIC L AEELFHO EEHX DOERREOEZE L — N ThHhDH, &
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FIMKFEIX84%-112%ThH D,
(2) FEZNMERERE & A HEAEHE FH P O RF LA L, BB A IR Bl 2 #2242

FENMEAE 2 JEAE 35 2 & T, IEEOF A E RIBICRES &5 2 &R TE, EROFIH
Ram T (EBEES, 2011 ; ALK, 2018 ; IRBIRS, 2015), LocLEZRD1ED
X DHPENR b2 e D OENRH Y | BARHEWICBIT AIEHAREL bi#E >, PEILS
gk D /NFE— b 7 v = SERERIEE IS Meister $EMMEAEEE 2 U 72 /N R AEPERITRFE K
DAL FEMEIEEL O /NZIT KT D IPEERIZRFBIZERE LS RV EFEH LT D, KL
Hicks hvEua AEROETISE 0 R0oTo, BAMEIRENIRSE & [F U4 B %
FFT 2L 0O KMFOTT, BEROFEBEEREIMRIZT2D, £ Vo Meister] 50 kg N/ hm?
L DT, Em oM & CIREt ORI HEL 6.9-133%M L2 Z LT, AR
FEORZ L &K, HDEevE< o T, RERT O " HI7EREREREICB VT,
KRN MEREEE 75kg N/ha A H U 72RRE T, AzpE &L 150 KgN/ha DJRFEEFE--Rg & R L
NUUZET D 2 ENTE, EEOFIHRITHIGIC R Y RFEFEOFHFET 25-35%, 1
1% 30% ; FEZNMENEEFZE ORI R 65-75%. FEHITK 70%) . SO Bad UIZFERICIH 5
VY,

AR & MRS IREL 2B A LT T2 2 S Ic L » TERORAZ D S8, fL2iEk
OFIHHFEZ W E S 2 \BEREEZ R RARKE., 2015 ; 5RIRES, 2015), PEES
sl > “HAVEKERIER B OBFZE CIX, ARAEBTHMF O 7 = THEHA R, EFEN
F Ceta. BAEME X —7  MUEFIERE T 265 (NPK) B4 & ALFEk & AR
B (NPKM) Z@E LERZ 6 9 5. 7o B THRBOEHB LB I ZNENMIE &
D 37.7%& 182%% L, AHIEEE (M) ZEH L7cG6 7 v =7 O &L % FIEHE
JEED 0.7% L2\, BERGo NPK ALUERIZ 61T 5, 7 v = 7 fl P8 %8 24 2 B | 3t e
D 37.9%% 56, NPKM & M ALFRD 7 o & = T HIRE RN D 72 < FNENEIEED 7.2%
E1.0%%x ED D, Hip HRIEAIIZ X 5 BRI ORI G B 6202, 5 FEREER O
I, ALFIER S 2T 258 O BRFHRITD T 26.2%, AHEALE & M,
ARNEEZBLE Lot OEFEFIARBELENICE . ENEI 354%L 37.8% ThH D,
WAERND RS &, AMERIEEZE A L-HA T —Fm < (LFEE L YD 8.3%I4E L
Tz FAHEIEHE ARG Lo IEEHIM O A E R A DRNICKETE LT T, EFRERO
FIAEEZEZE LM ESED 2N TE, BEAEORRRRBIREZEBT HOOEE
G TH B,

2) HELRIA B H L IR O BREE U R 2 BRI & EARELATAFZE (2004 4-2016 4F)

L EEEHE R &2 S LI L, BRESVGYS A 2 A, &0 b RE IR o ff
MER SN2, BHIHIZ BT 2L P IREHGRE O e EE L Y B> T\ T, BH¥EO=E
FLV VEIARERERBIEA~OERRRT (BRI, 2014), BETHHLET v E=T13%
[RFECTHBRT v E=U LA LWHIRT VE=U L&KL, ATy 70D ERY . KKENA
EEEETLIEEME THL (HHE, 2018), HALEMOARE Y 2T A L RER rT6E
RO, FEHRFIEE MR ey b THRERREIC ST DR IEE OB
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B Y 27 G & MRS ) A B L. SUTHIRIE 2004 4E-2016 4, AHIECOMFEIZT —
SR, FAEMIEE A A T LT, MR BN I1T 5 TR OBREE Y X 7 STt
ATV, BHIO TR G ONT AR AR L, S HIZZEDREE Y X7 OFH8 A RS
%, $@7mv:7%®%ﬁﬂni BHITLL T OB & > 72,
() FIEEICBIT 2R LF AT HHEEHRE U BN L RENRM
nté@ﬁﬁm&ﬁkéﬁﬁmwgi U T EIbFIER D HkTH Y | fLEIEE
DFRHEAE BN 5 O DEIA X 70%LL ETH D, BRRAPERM, RMHE & BRMoEHR, U
FNTHERSTIRAET, BRORFRITEMEDS —FE < (532.6%) . MV TITEFEAM &
BHEEEM (61.5%& 31.6%) THDH, U U BEORESRIZE M E BEES—FF<
(700.4% & 615.7%) . BkE/EpE BN —FIE D (66.6%), SRS &V VIEDOAFE =R
FERIEEL L D E (EREE 2016),
(2) EF, VUEBHOREYD A7 W LTz

ERORFEIEN 20%LL E72 L | BRBEICEENERZ L0370, VU EORFERELS
T, &KIE 150%% 8 2 TIZWIT 720y (Zhao et al., 2009), {44 O B 3240 & b= o
EH, VUBEARRIT T CICREEES RE <A — =L, BEICHT DIENE R b i
ICREV, FIRFICEREE Y A7 #3005 2L 28ME L L, 0.5 AT EREICY A7 1370w E
k95 (B, 2014), ACE B3R, SR & Afg R pE oo =FE O R HF R
ADOEREEE Y VEOBEE Y 271 30WFind 0.5 21 TWD (BB, 2016), €D D
LRBAEFERMOZESR, VUORRKEY AZIXKREY 27 REEOZEHE, Vo OREY A
ZIIHEY A7 BRMOEFE, UV OREY A7 X TICHMEY AZIELTWD, £
DIz, FALEITESE, UV UROEAERD L, 1A X X85 o, Ao
BAREZRE LT H5XETHD (FWE, 2016 ; wHIEE, 2015),

2 i HERhRME & BB AN AY 20 4R O ) T 72 IR & AR

W R SRS & BRERGE T 20 MO W AR T, PEOBERET) K AEL L
<HIE EFenie, &0 DITEMMHEIEHIET 2781, BEEROEFE 2 fr—L
JRBR L BL7p DM, SR DBV AT AR T 2 ER RN A FEL L, EERE LN
JNZEE L TV D, SER TR O R it & K o0 22 3R ARk BR B O b AR B AT 1, 230
B S E AR Lz, WAk > T, < DANFEEH LIz, 20 FERF, WK
T L7 ANBUE 80 ALLE, BT —2 > a » 7% 9 [mIBAME L, -1 LR BEEHMN & (%
DEBEEE N ZE L <M LS, WO E KIGEERD -, W/ LTz 20 4, HN
FIXEROLF 2R L, BAEEZME LAV, BEMORKEH I — vy 7R %
T\, ZNMOL ORI e =7 NI L, BINT 5 NEREL< 251z, K
FiEH B E R BRERRA A ) R—r g VICHER D REREMN TEDLEEZD,
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3 b ARG BT 5B 2 LB

BREBEOREL LI, BE, S, FMEME, REREZEICHTI2ERbETE
TR 720, FEPFIRERFRE ST, &0 b EmhEe L BERESICE T D W
LETETIAC D, Zoofkicieo TE e, HARGOBANEE BEEEOFH LVWFEEL
WAHNCEZD L, REOWIIFRA » FEUTOHRSICENTED LA,

1) =R RGEAREAT OISR & IS

BRI EM R B AE O & 7 ' R T biv, BRI &5 T, IERtOFI %
ERRIRIZEI & BT, (EYOERER L WEOM EE2RGET 57210 TR, BRO 7 ARE
AR L. AREREAZTS (A, 2018) , BUERZEAPE CEBRIZIRZ RETW D E
S SE RN 1L TSI TR AT A REROBEAEE IR . FEMERE AR R, R AR T, 3E
HREAEE T 25 5, FRCRHAEAROIE L & bic, EREEBWHIN, 72 2 bk
DEBY AT 5 B EENRBEE BRI, RET = — O (KLEB, (EW R
Bl & A RBBR B OR A O Ja AR BT 3 | oRF R @ 2 RS AR A 78 & IS O FE R M/ D &R
bivd (BHEE, 2018) . 207, HHMG TR 5 EEMEL, FFERIEM T AT LI
it U, BREEAAFRL O @ B RSN 2 Lo AdL, &0 bigfiFE b Lz, @R, Bk L
7oy MHEIEEAL, JEVHIRIZS W CRORIGA A2 BB L, B0 R — & ik
L. = a TRERENEFEM 2 LD TN,
2)  HEEE O BFFER S & A

B AEEIBRFE O E AT EFIILL T O LB 0 T, HIEESVEREE, AR ER D D, $E
ZHEREE & ITIERH & F 5 25 DR E SR T, BIHEEIAE L . B 51EM D
PR 2 B8 L 3 2 Bk R OV E AN S W T, R, (L3R07F LCTEDFS 0 ©
BOOBEEZFTG L, 2 be— L, REMSEKOTFEIISZ NI THD, £D
7o OFEPEREEHE 21 AT B R IR & BIEER TV D (BB, 2016) . 2
PEREEHZ I T L FRER ORI R 2w E S, A& & MARE A E L, Ao 2 S 2K
S REBRALEL BEDONE 2R ESERE0A ) v AH Y (EMES 2011;
AL 2018; BRTED S, 2010) , PAEMIEE L IX—EHOIEE TOAMEM NG EN TV
HRFERGEOZ & T, BEAFEIIHOLND & (EDIIRERIEEOREZE L S Z &M
TE, ZOMAEMOB T —FIFOTH 5, MAEDILEHIHRALE L LT, BHIc&R AR,
FrE R EMORE BRI L, ZRPOERLEESE, TEPICEELEY v Y U AL
FEBH L, BECED TV LIESEHHICRETE S, S OIEMDOREDTZOIZHKIE
S LWAEMBREZMEY | (L ZIREME I ROHK, BREERO%E. BIEMSE DR 5
WCBWTHERERZF > T D (EFRKEE, 2003 ; KinfmE, 2013) . FAUREMFE &
PEFELFERAARET 2121%, B E LEBEROLLRDFNHPMETH D, T HBITIEE
ORISR & BB e ) 2 s b U, FiRLUIRRHF B R O E 2o L, #iil
JEEFOWFFEBRFE 7 T v hAR— A2 L, FERIOFREE Y vy =7 &2 Az
Bt v 2 —%ANLT D7 Y, BEER RO 728 LOBMERFZED R % — U RS L |
I HHAEL O BR%E LIS E R L, ERtOFIHREZZE LM ESE, EIEN L6985
BB L RIRRICIZ 2 (EFRMRE, 2004)
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3) EFESFHmoOBMEE N ER

W7D 20 DM 1% W, DI EHEE W) & R AREE L, & 0 DT EIROZNRE 72
FIA & BRERAICET 2 HEMRW L W1 2RO D 7-DI12i%, A, Frdlh, 1HHacH & i
INZEBR LR2T TR 6720, [Fo TW A ERAMIMNT, Fio ThWEIiFZENIZ) &
WO FERDE Z IFIZHANWT, T HBIIES & i & AN 2 BB L. B4 5-8 ADKR
ZHMERF L. 2-3 FIC—EIREOEERSHE AT 2, FRICRTIIRFFAEDO BRI
TH, EFETITO, REREDO L~V EBZR ESE, RPICOES W IR EERT 5,
H A EERIEEAT ORI & H B A O T2 DICFERIICE R 5,
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Abstract

Heilongjiang Province is located in the northeastern part of China, and rice production in this region
is sometimes affected by low temperature due to interannual climate variability. In this research
subject, we attempted to construct gridded (mesh) daily meteorological data for developing an early
warning system for agricultural meteorological disasters. The mesh meteorological data was created
by interpolating the observed data at stations into the gridded mesh which allows us to understand
the distribution characteristics of meteorological indices related to crop productivity or damages due
to meteorological injuries. We had created the mesh data of whole Mainland China for several
selected years and of the areas around Heilongjiang Province in the period from 1994 to 2004
continuously. Using these mesh data, some meteorological indices were calculated for areas of rice
cultivated in Heilongjiang Province. The results showed that the areas having serious cold injuries
in 2002 were identified clearly by the distribution characteristics of meteorological indices, which
suggest that the mesh data have a potential to be the effective tool for rapidly understanding the

emergence of meteorological injuries on crop production.

1 Hme HEY

2004 HEFEMND 2008 FEFEIZ/T TEBINTZF 2 7 ey Mg THEREOEE
ETHOEIIHIET D REMIE T AT L0 (PEAREE) 13, 3 5E Ry
VAT LR ZEACD T O ORER O A2 @ LT, PEO NS - B LI
LT HEEREREOTERETEANE LD TH D, 2O THA DY L7 EIx
(A v a&fE - [RBMEE W REERR K ETIMFEORRE) THho ., BMER T AT
IEFEOT OO L 72 D RGE RO EZ B L LI2bDTH D,

AARECTEICH G & LI BRI A TP EORILICAIE L, EfEiT 45 54 T km? L AR
HELof 12 5 ThY ., KR ESZAT2HETHOAROBRA T TH 5, KL
RIE 22 KM T o ZA— U GETH 0 . 4ER] 400~600mm FEEDREKD IEITETE (6 H~
8 H) ICETT 2, o, BEEOTIIIERICRIRN LEm<S, AfELZNEND
RAERRED T ¢, ITHFEKTGREEE S KBBUC BRI U, A EIITREMICHEML T\, L
DU D, BEITA TR BENICRBIEOILIRIE TH 5 2 L ITIIE b Y 7 <. KRIRDKFE
APEICRT D5 FERHIRER &> TWD, ZD7D, KEAEEITFE 2 DOKIRDOZEEIZ X
DRESEEIN, BARBEICLDBICRERTRELRELTWD,

BHEVLAE O K BT L d K OMAAEIL R AR A < 7040 L ABBRIZERNT (Ak#E 50 B
AT TH D, ILFPHIC AT Do IRIC L v 228135 508, BHIIR 5 HHRAar5 6
AWANC, IXHEIX 9 ARIZITbND, L L, AEMRMECE CREARN) (CREREN
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LT AUE, BB BN TR SO 0 | BRI RE A & 723 Al R
< 72D GRIERmE), £7-. MM OMARE (ORI EM S BIER) 1CRIRKIRDS
20C% Flal % EAFREELZEZ L, Al d mREtEnm< 72 (RERGE), BRELE
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Abstract

In this paper, we firstly introduced how to calibrate the high-resolution (~50km in
horizon) climate scenarios of climate model's original outputs in China with mesh
climatological database generated using the interpolation method of Moving Least
Squares (MLS), then introduce how to identify the priority adaptation issues based on
the risk assessment with the help of the calibrated high-resolution climate scenarios. The
clarified agricultural adaptation issues address how to utilize the agro-climatic resources
and agricultural water resources in the high-efficiency ways, how to adjust the strategy
and measures to reduce the agro-meteorological and biological disasters, and moreover
how to adjust the cropping systems, grassland and livestock systems, and the agricultural
ecosystem in coherence with the altered climate conditions. Nine typical adaptation
examples in China were selected for case studies to summarize the incremental and
transformational adaptation pathways. The perspectives on the future adaptation actions
in China are proposed, especially with the emphasis on the application of System
Approach methodology to unearth the theoretical mechanism of agricultural adaptation
to climate change, and how to formulate the guideline for the monitoring and evaluation

of implementation of adaptation actions.

Introduction

Anthropogenic climate change poses great threats to human beings, agriculture and natural
ecosystems. While coping with human-induced climate change, measures should be taken
not only on the level of mitigation but also on the level of adaptation. It is essential for us to

understand the risks of future climate for trade-off decisions on mitigation and adaptation.
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Greenhouse gases (GHGs) emission scenarios from the present to the end of the 21st century
have been developed, typically as the GHGs emissions assumptions in the Special Report on
Emissions Scenarios (SRES) 'l and Representative Concentration Pathways (RCPs) 2. Then
the predicted atmospheric GHGs concentrations were fed into global climate models (GCMs)
to project the future trends in climate change. These generated climate scenarios were
adopted as input to the impact models to assess the risk to key sectors, e.g., climate change
risks to agriculture. For the assessment of agricultural impacts of climate change, the
resolution of the grid in the GCM model (on the scale of approximately hundreds of
kilometers in horizon) is not precise enough to meet the requirements in regional and local
levels. Downscaling techniques are employed to convert the GCM coarse resolution
scenarios to a higher resolution. The PRECIS (Providing Regional Climates for Impacts
Studies) 3! modeling system, which is developed in the UK Hadley Climate Centre, was
introduced in China for dynamic downscaling. However, how capable it is for the PRECIS
modeling system, there would be a bias between the simulation and the observed climate,
causing uncertainties in the future impact assessments. In the following context, we firstly
demonstrate how to use the mesh climatological databasel*! to calibrate the model's
simulation for the baseline (1961-1990) and how to apply the calibration methodology to
future climate scenarios for future risk analysis in section 1, then introduce the research
advances on the critical issues regarding China's agricultural adaptation to climate change
based on the risk assessments in section 2, and finally discuss the shortcomings of the

present agricultural adaptation research and what are the future trends in section 3.

1 Calibration of the Baseline Climate Simulation

The simulation domain for PRECIS has been demonstrated in reference [5]. All analyses
regarding the risk assessment presented in this paper is based on climate scenarios under the
SRES A1B GHGs emissions assumption. The bias of the original output of model simulation
minus the observed climate is shown in Figure la and b. The bias in temperature simulation
ranges from -3 to 3°C, which could be nearly equal to the amplitude of global warming at
the end of the 21st century in the RCP8.5 scenario [®]. Meanwhile, the bias of precipitation
can reach —0.3 mm/day to 0.2 mm/day, which means that the bias of annual precipitation
could be ~100 mm. If the original outputs of climate scenarios are applied directly to the
crop model, big deviations would be caused for the agricultural impacts assessment.

Calibrated climate scenarios in Figure 2a and 2b indicate that the bias is greatly reduced.
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Figure 1 Comparison of the model's original outputs and the calibrated results for
temperature (a) the bias of original model's outputs of temperature minus the observed
values in baseline period (1961-1990); (b) calibrated model's outputs of temperature with
MLS-generated mesh climatological datasets minus the observed values in baseline

(Unit: C)

Figure 2 Comparison of the model's original outputs and the calibrated results for
precipitation (a) the bias of original model's outputs of precipitation minus the observed
values in baseline period of 1961-1990; (b) calibrated model's outputs of precipitation with
MLS-generated mesh climatological datasets minus the observed values in baseline (Unit:

mm/day)
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2 Priority Adaptation Issues in Agriculture

The calibrated climate scenarios were adopted for agricultural risk assessment of future
climate change. Adaptation issues were clarified based on the risk mapping. Systematic
analyses had been done in China to identify the priority adaptation issues in agriculture. This
section summarizes the advances in the layers of background, utilization of agro-climatic
resources and agricultural water resources, reduction of agro-meteorological disasters and
biological disasters, adjustments of cropping systems and grassland & livestock as well as
agricultural ecosystem, and the case studies and perspectives on future work ],

Background

Changes in the average trend and extreme climate events were initially analyzed based on
the recorded climate in the past decades and projections of future climate until the end of the
21st century under GHGs emission scenarios, then the impacts of climate change on Chinese
agriculture is estimated for the bio-physical component. Subsequently, the present
vulnerability and future risks of Chinese agriculture to climate change considering the socio-
economic factors were assessed, and the effects of the adopted adaptation measures for
reducing the vulnerability and risks were evaluated. Moreover, future challenges and
potential opportunities for Chinese agriculture to adapt to climate change were envisaged.
Utilization of Agro-climatic Resources

First, the features of China’s agro-climatic resources under climate change were summarized,
including heat, radiation, and water resources. Changes in the productive potential of main
crops under climate change in different areas were assessed, especially focusing on changes
in the multi-cropping index, suitable planting boundaries of winter wheat, double and triple
rice, summer maize, and tropical crops.

Agricultural Water Resources

Impacts of climate change on China’s agricultural water resources can be sorted into direct
and indirect impacts. Direct impact occurs due to changes in climatic factors, while the
indirect impact is quite complex, involving the freshwater ecosystem, management,
technology, and the regionalized distribution as well as the interaction with the crop layouts.
All these factors were put together to clarify the priority adaptation issues for agricultural
water resources.

Agro-meteorological Disasters

The frequency, intensity, and damage extent of agro-meteorological disasters were presented
with new features due to the enhanced occurrence of extreme climate events and

unreasonable human actions along with the development of social economy. The principle
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for clarifying the priority adaptation issues is combining the factors of crop, climate and
human activities together, and always adjusting the disaster reduction countermeasures
according to the new features of agro-meteorological disasters.

Agricultural Diseases, Pests and Weeds

Many new features in crop disease, pests and weeds arise from climate change. These
include the following: advances in initial and outbreak periods of disease and pest, increased
number, generations and extended range of pests, prolonged damage periods and increased
damage areas, aggravated harm degrees due to the outbreak of the former less important
diseases, pests, and weeds, etc. Besides the use of pesticides, monitoring, planning, and
controlling the biological invasion, and other biological measures should be considered in
the comprehensive adaptation actions.

Adjustment of Cropping System Structure

According to the definition in the IPCC (Intergovernmental Panel on Climate Change) report,
adaptation is a process of adjustment to actual or expected climate and its effects 81
Adjustment of the cropping system structure is an essential component for Chinese
agriculture to adapt to the climate change, but it is also a quite complex issue. We simplified
our summary of the issues to include the following: increase in cropping index, changes in
intercropping and proportions for cropping patterns, northward expansion and transformation
of layout for crop planting, and adoption of late-matured, stress-resistant (drought, chill,
heat waves, etc.) crop varieties for the crop variety layout.

Grassland and Livestock

The adaptation should address the following factors: changes in the phenophase of grassland,
reduction of biomass, loss of grassland biodiversity, direct impacts of climatic variables on
livestock, desertification of grassland, snow disasters and chilling damage, drought, cold
rains in spring, grassland fires, pests, rodents, and harmful weeds, etc. Specific adaptive
features in China were highlighted for off-site fattening of livestock, and combination of
farming and animal husbandry in the agriculture-pasture eco-tone.

Agro-ecosystem

The challenges facing adaptation of the agricultural ecosystem include the following:
alteration of nutrients of cereal food due to the elevated CO» concentration, impacts on food
production and quality due to soil and water deterioration, changes in the temporal and
spatial distribution and structure of the agricultural ecosystem, enhanced soil erosion,

desertification, agricultural pollution, and loss of agricultural biodiversity.
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Case Studies

Typical examples of autonomous adaptation actions already accomplished in China were
selected for case studies. These include frost prevention for winter wheat and water-
preservation in North China Plain, adjustment of the crop varieties layout in Northeast China,
rain harvesting for drought-resistant crop planting in the Loess Plateau, shift of cotton
production from North China Plain to Xinjiang, selenium sand melon planting in Ningxia in
Northwest China, adjustment of planting structures in the hilly region of Sichuan Province in
Southwest China, agricultural development in Tibet River Valley, and northward expansion
of tropical crops. Based on these case studies, the features and criteria for incremental and
transformational adaptation actions were summarized.

Perspectives on Agricultural Adaptation

Summarizing the abovementioned analyses, a list of priority adaptation issues of Chinese
agriculture was formulated, and the putative bottleneck is proposed to be the theoretical
mechanism for undertaking of the effective adaptation actions. Therefore, a systematic
adaptation methodology should proceed to lead theoretical innovation, and then provide
guidelines for the monitoring and evaluation of adaptation actions. Methods for
strengthening the decision-making for adaptation and enhancing the risk management for

agricultural adaptation are also proposed.

3 Discussion and Looking Forward

In the present paper, advances in agricultural adaptation research are introduced. An initial
step for the work is risk assessment, which is based on the simulated high-resolution climate
scenarios with calibration using the mesh climatological database generated with the MLS
method. Our work mainly focuses on cereal crops, grassland and livestock, and agro-
ecosystems. We propose for the priority adaptation issues mainly to address the following
aspects: utilization of agro-climatic resources and agricultural water resources, reduction of
agro-meteorological and biological disasters, adjustments of cropping systems, grassland
and livestock, agricultural ecosystem. The work still lacks in terms of analysis of cash crop,
horticulture, aquaculture, agricultural eco-services such as eco-tour, and the tertiary industry
for market, insurance, food processing, storage, transportation, and consumption. The
research is also needed to strengthen on the evaluation of the cost-effectiveness of
adaptation measures, and subsequently to promote wider and more effective adaptation

actions for Chinese agriculture.
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Abstract

Remotely sensed data has played an important role in agricultural monitoring across space and time.
This paper reviews ten years of collaboration studies in agricultural remote sensing between IJARRP
and JIRCAS. This successful collaboration has made great contributions to the development of China
Agricultural Remote Sensing Monitoring System (CHARMS) with the support of the Chinese
Ministry of Agriculture. The monitoring system has been in operation and running since 2002. To date,
CHARMS has been applied for mapping of crop planting areas, monitoring of crop growth, estimation
of crop yields, monitoring of natural disasters, supporting of precision and facility agriculture.
However, the CHARMS system is still confronted with great challenges. Advancing algorithms of
agronomic parameters and soil quality for satellite data are favored in future research, especially to
improve the performance of remote sensing monitoring in the fragmented landscapes. In addition, the
thematic series of products in terms of land cover, crop allocation, crop growth and production are

required to be addressed in association with other data sources at multiple spatial scales.

1 Overview of IARRP-JIRCAS collaborations in agricultural remote sensing

Information on crop acreage, spatial distribution, and growth conditions is critical for governments at
multiple levels to make decisions so as to ensure national food security, particularly for countries like
China with a large population and limited land resources (Shi et al. 2014). Since 1972, when the first
Landsat satellite launched, remote sensing has been developing rapidly and has been widely used to
collect agriculture and agronomy information over time and space. Based on this information,
stakeholders can spatially identify the areas with large variations in production and productivity and
make appropriate decisions in response to these changes (Atzberger 2013; Tang et al. 2015).

The application of remote sensing technology in China started in the field of geology with very
obvious social and economic benefits, which subsequently drove its application to other fields. In the
late 1980s, due to the urgent demand from the agricultural sector and the advancement of remote
sensing technology, satellite images were used by some agricultural scientists for resource surveys,
production estimation and disaster monitoring. At that time, technology innovation, model

construction and system development largely lagged behind the application needs. It was critical to
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develop the monitoring methodology as well to improve the research capacity through joint research
and talents training. With this goal, the Institute of Agricultural Resources and Regional Planning
(IARRP), Chinese Academy of Agricultural Sciences, and Japan International Research Center for
Agricultural Sciences initiated their collaborative research in 1999. The ten-year long collaboration
comprised two stages: 1999-2003 and 2004—2008. The aim of the first collaboration period was to
develop a method for monitoring major crops in China using remote sensing and geographic
information system (GIS) technology. The second period built on the research of the first stage and
expanded to develop the method for agro-environmental assessment. In both stages, there was frequent
staff exchange between IARRP and JIACAS. Several symposiums were also co-organized. This close
collaboration has generated several books, proceedings and journal articles. There was no doubt that
the JARRP-JIRCAS collaboration in agricultural remote sensing would definitely contribute to the
development of the agricultural monitoring system and provide strong spatial data support for the

agriculture sector.
2 Development of crop monitoring system and its application

Crops in China are grown in complex and diverse landscapes and commonly mixed with other
vegetation. Based on JARRP-JIRCAS collaboration achievements, the IARRP established the China
Agricultural Remote Sensing Monitoring System (CHARMS) in 1998 with the support of the
Agriculture Remote Sensing Application Center of the Ministry of Agriculture to effectively and
efficiently monitor crop conditions at a regional level by combining remote sensors, in situ observation
stations, and wireless sensor networks (Tang ef al. 2010). Using data generated by this system,
discriminative crop diagnostic techniques incorporating complex quantitative inversion algorithms
were developed and deployed nationwide to gather data on major crop and agro-environmental
variables for assessment and analysis. The system has been in operation since 2002, providing rapid
and reliable agricultural information to support important decisions regarding the management of
crops throughout China. However, foreign satellite data has been the main source for CHARMS since
its establishment, resulting in huge costs for the long-term domestic application. The launch of the
China GF series satellite in 2013 enabled the substitution of foreign satellite data with Chinese satellite
data for CHARMS. GF satellite data gradually became the essential data source owing to its superb
spatial resolution, scanning width and revisit period in agricultural remote sensing monitoring.

1) Crop distribution mapping

Monitoring of crop distribution and planting areas is the basic task in CHARMS (Hu et al. 2015).
Three different levels of requirements exist for the monitoring of crop planting areas using high-
resolution data: crop inventory survey for the entire country, monitoring of the dynamic changes in
the crop area in the entire country, and early identification of the crop area for crop growth monitoring.
The time and accuracy required for monitoring of these three aspects are different. The crop inventory

survey requires the satellite data to spatially cover the entire crop cultivation area or at least the main
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crop production area. In terms of the time requirement, there needs to be at least one-time phase in the
crop growing season during which the target crop can be identified. The current minimum mapping
unit is approximately 10 m x 10 m, which cannot meet the requirements when satellite data are used
to monitor the area in South China where plots are fragmented (Liu et al. 2014). The highest
requirement for dynamic monitoring of the crop area in the entire country is full coverage, which
cannot be satisfied in most cases. The frame of spatial sampling is used to randomly select the satellite
images for the targeted region, and then the extrapolation method is performed to obtain information
on the target crop in entire monitoring areas. Regardless of the method used, it is necessary to obtain
images of the same coverage area in two periods — the current year and the previous year — so as to
calculate the dynamic changes in the area (whether the area increases or decreases). The minimum
mapping unit for this aspect is also approximately 10 m x 10 m. This likewise cannot meet the
requirements when satellite data are used to monitor areas in China with a complex planting structure
(e.g., areas where crops are sown with drills, different types of crops are sown together, and plots are
fragmented). Monitoring the crop growth conditions requires early identification of the crop area; the
information related to the crop spatial distribution should generally be obtained within one month of
sprouting. The current minimum mapping unit is approximately 250 m x 250 m (Peng et al. 2011;
Zhang et al. 2015).

The 2 m/8 m resolution data collected by the GF-1 satellite can be used to perform crop inventory
survey and dynamic monitoring of crop acreage in the entire country. If a revisit cycle of 42 days and
the duration of the growth period of early rice (100 days, the shortest among the crops) are used for
the calculation, 2.5 relevant periods of data can be collected. After removing the invalid data due to
cloud coverage and the early and late periods of the crop, at least one period of data collection within
the growth period of early rice can be acquired. If the duration of the growth period of winter wheat
(240 days, the longest among the crops) is used for the calculation, six periods of data collection can
be acquired. After removing the invalid data (e.g., cloud cover data and the data collected during the
early (the sowing period), middle (the wintering period), and late periods, during which it is difficult
to distinguish winter wheat from other crops), at least two periods of data collection can be acquired.
Furthermore, the 16 m resolution data collected by the GF-1 satellite can be used to perform early
identification of the crop area (Wang et al. 2015). The 16 m resolution data have a revisit cycle of 5
days. If this revisit cycle is used for the calculation, nine periods of early-period data collection of the
crop can be acquired. After removing the invalid data (e.g., the data collected during the period after
sowing and before sprouting, during which the crop cannot be identified, as well as the cloud cover
data, etc.), two to three periods of early-period data collection of the crop can be acquired. These data
are expected to be able to meet the requirements for monitoring the crop growth conditions and for

performing early identification of the crop area.
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Fig. 1 Extraction of plating areas of winter wheat in Jing-Jin-Ji region in 2014 using GF-1 16 m

data

2) Crop growth monitoring

Currently, the Moderate Resolution Imaging Spectroradiometer (MODIS) data are used as the data
source for monitoring crop growth conditions in CHARMS (Zhou et al. 2005). Acquisition is
conducted once every 14 days for all of China, with the spatial resolution of 250 m. A total of nine
crops are routinely monitored, including winter wheat, spring wheat, summer maize, spring maize,
early rice, late rice, one-season rice, soybeans, and cotton. The main shortcoming is that the monitoring
period is relatively long. The correlation between the growth condition index and crop yield needs to
be improved, the number of economic and sugar crops that are monitored needs to be increased, and
a higher accuracy of the early crop identification needs to be achieved (Huang et al. 2010). It is
expected that these gaps may be eliminated or mitigated when the EOS/MODIS data are replaced by
the 16 m GF-1 data for crop growth monitoring. The monitoring temporal frequency can be shortened
from 14 days to 10 days and the accuracy of the early identification of crops can reach 16 m, which is
an obvious improvement in comparison with existing resolution of 25

0 m. In addition, the observation capability of growth sensitivity of different crops also increases.
Consequently, the accuracy of the growth condition index and the correlation between crop growth
and crop yield can be increased. With improvement of the spatial resolution and spectral sensitivity,
the capacity to identify economic crops (e.g., peanuts, rapeseed, etc.,) and sugar crops (e.g., sugar cane,
etc.,) is also improved, which in turn makes it possible to monitor the growth conditions of these crops.
3) Natural disasters monitoring

Several types of natural disasters including droughts, floods, accumulated snow, diseases and pests

frequently occur in China’s agricultural sector. Currently, the routine operational monitoring of
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droughts, floods and accumulated snow are in effect, but the real-time emergency monitoring services
are not being conducted. The monitoring of plant diseases, pests and freezing is still in the research
stage and has not been put into operation. The GF satellite can be used to partially solve the issues
with disaster monitoring. The increase in spatial resolution of GF-1 visible bands is significantly useful
for improving the accuracy of drought index and water bodies identification, such that the accuracy of
monitoring droughts and floods can be improved. Moreover, the 16 m resolution data also helps deliver
an early accurate identification of crop areas, which makes it consequently possible to perform a
precise evaluation on the affected area and production loss caused by droughts and floods in small
regions. For snow disasters, however, due to the lack of a 1.63 — 1.65 um snow-sensitive channel, the
snow monitoring capacity of the GF-1 satellite will not be significantly improved. It can be used to
evaluate the snow-affected area over a small region. Similar to the snow disaster case, the monitoring
capacity of the GF-1 satellite for plant diseases, pests, and freezing will not be significantly improved
due to the lack of an accumulation of multi-year data and sensitive bands, although it will be possible
to use these data to evaluate the affected area in a small region based on information on the level of
impact of the disaster.

4) Crop yield estimation

Remote-sensing based crop yield estimation in CHARMS is normally conducted with two different
methods: a statistical model based on vegetation indexes such as NDVI and EVI, and a mechanism
model based on the photosynthetic efficiency of crops (Yang et al. 2008). The former method can be
completely replaced by the GF-1 data, which can facilitate to obtain a good yield index that is
consistent with the crop growth conditions. Nevertheless, the vegetation index-based model has a
relatively poor stability and applicability when it is used to monitor crop yields in different areas at
different growth times. Therefore, it is necessary to modify the model based on the time and location
at which it is used to monitor the crop yield. The mechanism model based on photosynthetic efficiency
needs to use remote sensing data to calculate numerous parameters such as the photosynthetically
active radiation (PAR), net primary productivity (NPP), fraction of PAR (fPAR), and ratio of the dry
weight of the yield to the dry weight of the crop. Although this model can best illustrate the effects of
crop growth conditions on yields at different growth stages, it is only used to monitor the crop yield
in some provinces and regions due to its relatively large number of parameters (Huang et al. 2015).
As the GF-1 satellite cannot provide data for calculating the PAR due to its current spectral band
settings, other satellite data has to be included. Therefore, the GF-1 satellite data can only be partially

used in this crop yield model.
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Fig. 2 Estimation of winter wheat yields in Jing-Jin-Ji region in 2014 using GF-1 16 m data
3 Conclusion

Requirements for objective information will largely increase in the future due to expected changes in
the agricultural sector. Agricultural remote sensing monitoring systems should thus be able to provide
timely information on crop production, growth status and yield over large areas and at low costs. Such
information needs to be provided as early as possible during the growing season and updated
periodically throughout the season until harvest. However, some great challenges remain to be
addressed in crop monitoring by using remote sensing at regional levels. For instance, crop area
extraction is the main application field of remote sensing agriculture monitoring, yet the classification
methods are still to be fully investigated (Qiu et al. 2015; Waldner et al. 2015). The algorithms of
agronomic parameters related to crop growth conditions and soil moisture content are still lacking,
which is the research focus of the future application of remote sensing in agriculture (Potgieter et al.
2013). The remote sensing data, when combined with ground measurement data, can used to monitor
the nutrients (nitrogen, phosphorus, potassium, etc.) in farmland soil as well as the spatial variation of
crop growth conditions, which can support the management of precision agricultural production.
Moreover, with the increase in spatial resolution, accurate estimation of crop yields in small areas will
become an important application of remote sensing data. Remote sensing can help analyze yield gaps
and monitor related agricultural practices. However, simple vegetation index (VI) -based approaches

are often not sufficient as they can be used only for a specific area, and the crop growth model also
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contains some uncertainty in parameterization and calibration. The integration of individual models

seems to be the future development trend as well as a great challenge in crop yield estimation using

remote sensing data (Huang et al. 2015). All of these features require more in-depth and innovative

studies so as to build a consolidated base for the operational monitoring systems for diverse decision

making.
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Abstract

Technology of observing ground surface features using satellite borne sensors has been rapidly
developed since 1970s for public purposes. Characterization of state of land use especially
agricultural land use is one of expected target of application because it might be difficult to obtain
reliable information for wide area by only ground level survey. Under this circumstance, Institute
of Natural Resources and Regional Planning (INRRP) of Chinese Academy of Agricultural
Sciences (CAAS) and JIRCAS started the collaborative research project adopting this technology
in 1998 and continued until 2008. During the period, it was objected to develop a method to
estimate sown area of staple crops in major producing areas, i.e. winter wheat in the Huang-Huai-
Hai Plain and rice in the Heilongjiang Province. In either case study, it was revealed that high
temporal resolution satellite data with wide spatial coverage was capable to monitor the sown area
with considerable accuracy by means of introducing sub-pixel estimation techniques. The project
also contributed the capacity building for young researchers of INRRP, who presently become

leading researchers of this field in China, by providing opportunity to study in Japan.
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Abstract

Firstly, we analyzed China’s agricultural development in last 20 years. Secondly, we pointed out three
problems with which China’s agriculture is confronted. (1) The steady increase in costs of agricultural
production. (2) The rise of prices of domestic farm products and the increase in imports of foreign
agricultural products. (3) The decrease in or stagnation of production of some agricultural products.
Thirdly, it was pointed out that agricultural policies of Japan and China have heterogeneity that
originated in time lag of the entry into the GATT/WTO, the difference of land ownership system and
existence or nonexistence of agricultural cooperatives, though agricultural policies of two countries
also have strong homogeneity. Finally, we indicate that three research themes are very important as
agricultural economics research cooperation scheme of Japan and China. They are (1) the research on
the agricultural management structural reform, (2) the research on the appropriate agricultural

protection strategy and (3) the research of the means of improving farmers’ income.
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Abstract

Circular agriculture (CA) refers to the circular use of agricultural waste and the conservation of
resources, which has attracted increasing attention in China in recent years. In this paper, policies of
CA were discussed, and the implementing projects, methods and future researches were summarized
as well. In general, as a development guide for CA, current policies on CA were ineffectively executed
by the government. Lots of projects of CA have been tested and verified in demonstration areas in
China, but some of these projects did not lead to widespread implementation. Based on regional natural
conditions, industry types, resources endowment, etc., various successful models of CA are formed in
China. The technology and operational mechanism of CA are expected to be further studied in the

future, which are helpful in promoting cleaner agricultural production.
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Abstract

This article analyzes the development of ecological farm in Beijing based on the survey of 14
ecological farms. It is shown that most of the farms are financially supported by government finance
and funds in their establishment in order to support the development of ecological agriculture. The
main products produced in most farms are vegetables with livestock as sideline, and half farms have
no authorized certification of non-pollution, green, or organic products because of high cost and/or
credibility, which is unfavorable to the development of ecological farm. The universal problem of
ecological farms in Beijing is that the scale of production of most farms is too small. In other words,
the development of ecological agriculture in China is somehow out of line with the market demand.
More attention should be paid to some key issues such as production management models, operation
philosophy, etc., in order to meet the market conditions and behaviors, as well as the demand of

ecological environment.
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HE O RV SRR & SEEENCRE T 5 JIRCAS & O I:[EIHFSE

BROktE ' - mERTAE 2 - B/ VEC
VPR A BB, * P E R R SRR G R JERT. *TIRCAS

Abstract

Research on China’s food outlook and the impacts of climate change on China’s agriculture was
carried out by collaboration between China Agricultural University and JIRCAS over the past 20 years.
On one side, the simulated results of China’s food balance projected to 2030 show that China’s net
grain import will reach 128 million tons, and net oilseeds import, and net livestock and aquatic
products will reach 84.24 million tons and 8.93 million tons, respectively. It is important to reshape
China’s food security strategy for policy makers. On the other side, the climate change impacts on
maize yields are quantified using statistical models with panel data from 3731 farmers' observations
across nine sample villages in Hebei Province of China. The impacts of climate change and the
simulated impacts on maize yields based on scenarios of Representative Concentration Pathways 2.6,
4.5, 6.0, and 8.5 from the global climate models of Model for Interdisciplinary Research on Climate
version 5 (MIROCS) and Meteorological Research Institute Coupled General Circulation Model
version 3 (MRICGCM3) were then calculated, analyzed, and explained. Based on scenarios in the
2050s, the biggest loss for maize yields per hectare for the full sample accounts for about one-tenth of
the mean maize yield from 2004 to 2010, and all of the villages are impacted. Hence, it is important
to help farmers adopt an adaptation strategy to tackle the risk of loss for maize yields from climate

change.

1 JIRCAS & O3L[FEIAFZE
[E B MK EEZEMT S0 % — (JIRCAS) & OfF & B WIERADOIREHE ORI AEDD
JIRCAS D Z L ZHI > ThbinE 5, M EEEH L RERMEICE T i CE2ME L Tn
LHERET, FIEAND TJIRCAS IZET LVOMEEEZ L TX7 6 L Sbih, BAEDHEIT
—HEMET NV OMERT JIRCAS 2R T, REEAENC Lozl bbb, /MIKENLE
TNERDSTZ, FOBRTEIIEAESCH AR LT EL < D JIRCAS OB & AN TE
7o ZORIRIIO L DR EREITREE T L OREMEE F T,

JRER ., MUY LA D DR, TIRCAS THFEEA L OLFEMZEEOKE LA LN
7oo D% JIRCAS & ORI Y v ¥ = 7 MBI LERSEA & o L[EFZE S kR L. AF5E
PR O HERE S K F P R O [FFRE A U &l U C R RAFE A L S, IR S B
bz,

LERFZEIT E IR T TR BB 2RI & RN T 5 IaLb—va 5
Br s 7o, T [2030 EHEAEEFARZE] & R 20FE & TRl (1)
MR L7e, 2406 O3 #11d International Food and Agricultural Policy Simulation Model &
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FAO ®*“World Food Model”72 5% < Dk > b33 o7,

20304 B3R B R
et

B 1 LR

EEPSMNC, NRITOME BT K DS 2 2T~ O 24158 (Chen, Y., Chien, H., Furuya,
L&memoqzwwm\)w~k%rw_%o<m@£@ £ 2 ERIEY ~ D BT
72 (Chen, Y., Wu, Z., Okamoto, K., Han, X., Ma, G., Chien, H. and Zhao, J., 2013131 ) f[EE4}
[ EBM AT — 2 TS < BEEOR, K[UFEER & B/ pEDWFSE (Yong-fu CHEN, Zhi-gang
WU, Tie-hui ZHU, Lei YANG, Guo-ying MA, Hsiao-ping Chien,2013161 ) 73 X% < O L& ¥ FE
L7,

JIRCAS & OFIFFEDOH | AMERROHE O KFFEAEDEHEIC HIED 1, LFEFIEIC
RFBFEAEBSIML, 2 A, REFEG, ARDOEEBR, FvEray EEBoORHkRE
%2 OFFRICEDY | falb < BRI N, HlxiX, FEOFEEHAREOTFEE P (
W s, B 1, 8/ N, 2014[5) W EIR A ATk T A B9~ D P78 (BRI e, 5 [ 3, R i i, B
AN, 20110 RAREER, PR LE b o o CHEINOEI O & e, Bk, 8N,
20127) | QUAIDS FiEIC S < W EIR SIS R R T o & FHH#  (Xinru Han, Yongfu Chen,
201617) & o [ PE AR T AT AR T R A T 2 O 52 2 52K (Jingjing Wang , Yongfu Chen , Zhihao
Zheng , Wei Si, 201418)) &L Ha[E2 K 5 & A Kilig AJE R OER 34T & B (B S, 7 0700, %
N, 20070) 28RS,

2 LA ILRBIIERR

LEBFZEIEHE & ORI T 2 Y = 7 FOPFRICHAA EN, BEVZEREICED D
R & B ARDEZEBUR O FENZ T 5B RICBET 2980 Tz,

EFHE 2030 FFO PEREIFERRL] 1XH 5 BEWH TIE JIRCAS & OEFEFFEOMIETH 2,
HEAEFERET /L (China Food Demand and Supply Simulation Model, ##: CAU-JIRCAS
CFDSSM) & it D k7€ v 2 v FFFGE 7 /L (Hebei’s Maize Demand and Supply Simulation
Model, W&FR CAU-JIRCAS HMDSSM) (L FAFFEIC K - TR S 7z,

ROFPCTTTILARINTZET ML DV Iab—va VOREBEO—MEHRkLTZ 2
Tk 5,

FIERERFEE T /L (CAU-JIRCAS CFDSM) @ 2030 4=l Tlx, 2010 Fa~—A T A
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AL, 2011 5 2030 FEFE TOFHIE e - TV D, MR HIZEY (A, /NE, FUE
0oyl ZOMOBY) . e T (REmENCE E£Nn D)., SEY KA, 4R, F
W, ZEW., ZEIN, AR LKEHTH D,

(1) 2030 £ THEOEMMAS IR LD MMEIZH 5, TfaFx v v 713 0.66-1.99 & k> T,
FALPRICIE 12818 R oy BRRRIZ805%ETICFA S, Do bH, bUEw kbl
AN < 2030 AR A &IE 0.72-1.60 (B A2 L, FALTFRITIE LI2 & N2,
HIERIL 677%ETIRD, BYUOTRHEEN LA TH, EFEOF CTAERAFEEDOEIAENK
LA T DI L, TEHTFEOREIITRBIZHEINT 5,

Q) Kz hyER 2O TEMTHFTEEZAEFERED 30%LL FIZHIIRT 572 51X, 2030 F0
FEZEWE 5 BEORIVIEILHMEA D 21282 7 F o bffiliH o 25426 T R E£TERY,
HL P IR 269.8 7 b T, BAMICHBRHER TE S, T0o b, hrvEra VX
fEHZ 72 0 o AL TN L 2 il X 18382 1 R ke b,

(3) HEMEY LM OEBEFEX v v AL E BITHER L, HEOAERITIEANICENGE
IZXISTE D, FEICEIT 2 HEHEY Ol A £I% 2030 4212 6605.7-9374.1 J7 b AT L,
AL T Tl 84239 75 F o TH D, MO ERX ¥ » 1% 888.1-1073.6 5 b > T, HIfiL
THNC X DA SRR 1010.1 75 b T, HEOMEGHEIX 452.8-2039.1 7 b2 T, FALTH
TIL1496.0 T b ke s,

(4) 2030 FFE-DEFEY) & KFEM O EFERITEAMICENTEIIH 2T H M T, BHE0O L
DIl o 611.1 5 b s Bl A D 1698.6 5 b2 £ TT, PALTHITIIMERA D 893.4
TR RFPHIENT, D95, £ I2ab— a3 VB TUIFREFBROELF v v
TBFIEL, AR E 2o T D, RIS, BHEY L KFEY O &AL TR Ol A & OS5 A
EANTOFBIFTFENKY . FrvEra oM AL 1 &~ LU 2 aRetEsm < 72
Do Tibh, HEY L RN SREO R RERICRARBRO RHEEENGFIE L, 5B Ok
TARRBBORO T mME L BIRICKE S BRI,

U EOFERRN S 5005 K912, BREMER, EERRBER L ZOMOBERIT FTER I
DEMERERELELAT D LD, REMAREIX E L 2 Rod, 5% b
VET A VOFMREEIRERARHEEERH Y, SVIREIE FUEr a3 OFRRMET T
EOREHL RO LR OB THGICE s TROEBITOREWT 7 7 X —L7xo5T
W5,

r7EBE I VOEEMO—DTHDHILE TOMIETIL, CAU-JIRCASHMDSSM (2 L5
Vialb—va VORRERS L 2030 FITHALE O N U E R a3 UERANT AT
994.0 7 h UM H B A 28460 5 L ETHOL U P TIENS, £T°. HTFA L KEERK DK
INA~OEBEAZRE L2 OAHE TOTHITIE, 2030 FE0dEE b v o UARERT 3129.7
T hAZEL, TEMFELZHIREL2WSEMET, 2030 FORE TOFFE &I 3252.2-4080.7
TR, O bHNRERER CIITEERIL 3633.6 T bbb Z ORI CTIIAERfho
BINDOBARIL 122.5-950.9 77 b BRET, 5 HHFNRFERESR CIIMB A &L 503.9
T hrbhsn, fIChUEr a VI THTELHIRT 256, 2030 FOIEED v ER
TR EIT 978.3-994.0 1 v LD, RIZ, RE & BREEROBINA~OEELERET S
Bty 2030 FEDOBRESMEDT I 2 b—3 3 & bR BIZE D 2T, o HilikH»
BBATDIVLENRGHY . ZOEIE161.9-2846.0 1 h L7 b, HE-> T, LEbLH Ttk
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BIZE - T, BEEERCTERPTRVF—EEITIN VTR a vEEITIINETIIAR
UWHBEZ LN & TV 5, [FIRFIC . Bk pER O AP IJOKE R & TR OHIN A £ £
2D LD, FDTD, BUEESNIIG U Tl b 72 EEEBURTRE 2 X 5 B B 1) |
b BB ZERELROEERFETH D,

BIRE MDD Z oD E G T D&, KREOBORIRE L L TR L SR IEL MR T
D 72D DOHENE &R & BRI T v o r L & DOREE BB T, AR BRI ek ER R E
WEST D=0l BRI,

E AL BREZ R T 272D OIS OB AN G| EWNREAPEL BEEGE LR T D
ZERTFTIER L EHEERNTS ST~ OB 5 A b T RETH D, 2D
\ZIXEN O FERFZEE 7y & BURF O BAFREE 231 71 L. EIBREERS & O ) T EER MG IS
SEHIERE 2 RO v 7 — 2B L, EERR RS OMRE-CEN 7 A B » b
U—7 AR L. B, = — L Rk, EROZREMAET5EADO LT, &
W72 AN BIRBE IR R AT 5,

BRI EREORE 2 E X156, $TRHMFEZERMRHARER S LPRET, B
EBRENOE L L REMNEZRBELY 0 7 40 COBBREEL, BHOMIEKA L
Iz T BRI R R K & R A b T D, SO ITEBR RIS O%
E & RN RIS O R 2 FTREIC L, ZEMZRMIIR bR SN D, RIZ, SEM DT
B U, NS EM OV 7T A F = — 2 OFESL, i NEIEFORERSE %18 U CE NG EE
KEDOFfeI R E RIZ L, BREOFEIRE & E OIS 22 22 hiFT 5,

FAEMZDMERDD Z LiE, ERRO Y I o b—a URERIE, B4 LRz X
— 2L LTCEH LR R T, HEETREZ LTI IN O ORRIT—oD R Z R L, k%
RIBH®REDZLTHD,

FEEDSMITR b RER S, LR TRELREIC L 0L 7 E w2 o~ OB (An
assessment of climate change impacts on maize yields in Hebei Province of Chinal'’) %™ 1 >
Thol, ZOMRDOMERTIL, [RIBEFICEAWAE NV Eo a3 v~ BL~ A T AT,
BERIE T T A D8 e Lic, B 39.832 B &L VAR &R 114.839 FE LY @0 Ox
T OIRBDOADEEITL D RENWZ LRG3 oTz, 2050 FFD T I = L— 3 URERTIE,
N=A T A L HdED U Em 3 VHEIE 1B ORD ORREMEZ R LTz, € T, R
fEXIGR E L TH L ASNAAORAKREY — AR AT LAOBET LILERH Y | Kl
TORIEH DA _EDRD BTN D,

3 RKA~OHIFF— W) & Rk & M7 OwFseE b

1997 4E7> 5 @ JIRCAS & OHL[ENFFEIT 20 03 X, 5% ORI EZLL O 2 & TG
L72vy,

< RBFFREOMGE L BT E > T 4 D 4 VOBIREEL,

C WFSEAEI A RV AR, e — VR BRRE T LV OMERE | KB TOREIL AR

BEAFZE~ L PR T B,
- 1B BRI COMFEOTHRAL,
c FrT2 72 LV O SR RIFE S E IR T D
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BRI i ST £ AR B0, B/ N 45 2 ARSI P [E B AR 2o AT e T I T 5 JRE s | [

PRl R B o A B A 44 [0 o [ 2 S DR - (X 11,2016,37(07):15-26. (FPIEIEEIFR /G2

Bre Tl BHORES, EEREEET LDV I ab—va ORR)

o e/ N1 BROK A BT RS TR B BOSHFE——2& T 2003~2010 42 52 I )

BB R AT [J]. H [ R 3 IR - X #1,2016,37(07):78-86. (LA IZHIT L FvER 2w

DPEHEFIEHTIE—2003~2010 FEDEFSF VT — ZIZFD < G7HT)

5585, BRUK AR T 75, R 2R, 85/ 1. B R SE SCRF BUR I A T B 55 M B R[] P E R e

551X #1,2016,37(07):45-53. (H A EHFFEER O & T E~DEIR)

RN AR, R E S SN Bk T ESEMT R LA o MREN. RER

£.2015,11(05):72-81. (FEZEMTF LB HT & RE)

RN, PR A R, B N2 T (] H AlTA BRI 75 SR B 2850 270 (]2 3E BT #R1%,2014(08):60-

68. (FEOHEHEBROFTE RTINS HLED)

A i, B NV UK R A K PE ZE BE AR A 12 RO e BRIEAIT 98— TP FRERZEE IE

BRI FERE ST [I] SR B H TR 15,2014(02):85-95. (FRAEKDNY 2 —F = — 281

DAt FE AR FE D IERI PRI FE — BRIERR ZE IEE 7 /T K 2 EIEDHT)

JBR & 5, PR (@, BN BRI SR IR G- RO R —— R T AL P fE £ K F

TR SERE /AT [I]. TP = AR 5,2012(11):11-20. (KRN, AL by Er a2 U H

ILDOEGI — LB BR O~ VT LAV T U K D EIESHT)

SR, 2 5 R A A, 5 [T 0 5/ N ST ) Y BB 1P 4 ol 7k S i f 6 LR M R S Rk B B i

TEBRIRES ] BehiF7E,2012(04):56-60. (BUR &M & 2 BT 2RI 4 % e Ea i o

HERR BT % Blam & RRBR O RET)

PR 7 e, I [0 SR i e N T o 36 A JOR Al 4 8 B RSB TR AT 98— 6 T DBl i At 5 B £

B FEZE T[], o E R 2R 52,2011,44(15):3279-3288. (T EK Ik DIERL A 7 = X AT

B9~ % IFFE — Hitsl F oD B BEARAE D FEFE S5 4T)

Bk K, /N2 P E S B R ) F SRR SR A BT —— LA B A R B B W 2 i 2 A 2 R )

]2 3BT 95,2007(01):72-79. (P EE D B A~OH BT 2 B > Hr — A

KD P HEFL R Wy i B2 D 2L % F5I )

B 7K i, 8 0 L, B /N S oy SR TP O B R ] R OK Y SRR O B K e SR D). R R R

£2,2007(01):24-28. (FEICI T D Z A KO ALK O ER 54T & RE)

B A i, 85/ NS 3 0 #0.2005~2010 4F H [E AR F5 46 T-IRI[J]. 90 e 2 3R 5,2006(09):13-19.
(2005-2010 A= E D =2 A F5ia 1)
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Abstract

Rice is an important crop in Heilongjiang Province, which has the largest Japonica rice producing
area nationwide. The characteristics of production are high yield, large scale farming, mechanization
and safety. Based on these situations, rice cultivation in Heilongjiang should be further developed.
Considering the circumstances of Heilongjiang, we hope to support development of high-quality rice

production areas as China's rice production adjustment policy.

T LI

REO 3 A EFEPHEZ BRSO, 2 A DLEREBE S . Z O T 72 FBITK L,
VEREREZ DT 5720 EORERMOE S T b, S HITRBHRIENED 5T 5,
IO O EIXEREILE OREAEEICREREELRIZTT Ll b B2 6504, K
FEIT RIS & o THEENISEDOBENTAEM TH Y . 5% OFIER RO MM 2 M
REMETH D,

1 3 ADEERSR

0 30 b E 0 BEITE O = A EREERITHIMER T o 2Bl R 2004 47 b i
NTN 2 REBORIZREFTEOM LICHRA % 2 & T ABESHIICHE 26T T D, £
D% D 10 FHREITE T 16.2 77 ha OEAHEINA & 0 | 22 [F RS AL N5 o 83.8%
D, REMOKRBEENOR LSV TH S (F 1), BREIIHITHEOR D E
HRRREEEHH & 2o 72,

F 1 BEILEAFREEREORIN (7 ha)

F BELE | thoBoas | 2EAF
2004 158.8 2679.1 2837.9
2014 320.5 2710.5 3031.0
E R 161.7 31.4 193.1

Woys =7 83.8 16.2 100.0
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2016 28 O KFRVEAF i FEIE 320.3
73 ha T8 RAEW DA HRE D 25.8%
Z O KT R 3RS
O THD (K1), 3 A ERER
CKY) 1322553 75 F >, BRERAERD
382%& 725, 2017 FEDOVET ST
3223 JJ ha C, &E®D 2 AEEED
10.7%% (5 5, =2 A EPER 2300.8 17
hoy ZEIAEED 11.0%E 72> T
W5, BA1 20164F BT B EVEA R

T —% ¢ PEERERGE#2017

2 JKRRAPE DKL

EEDRRGEM A R T BE{LE OMIEREORE RN R E < REEMOF RN 5
< KFRAEFEDOBEMAL P HEAL TND, BIKINZA T 4 DFEKOEFENRL L, Yy R=Jfd
KOEFENDIRNTH LM, BREILEZIPEOLZ2 L THABL TR THHICHAL Vv R
=ARDOREMTH D, BHEILE O3 AEPEITLL T DR AR > T2,

1) EWHEIAHERFS LTV D, BEITA O 2 2B ATREMIRIAR STV 503, (BN
WML, BILEH EAS>TETWD, FEEYO MU ERaY a3 X KEDOIHLaXDH
WA @< BEMICHERE LT D (K2), 2013 405 2017 420 5 4 FEIHILT 7036.8
kg/hm* T, FUEr I LD 16.0%m< . KEDO3IFEL ETH D, REO RO = 2 B
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Abstract

In this report we have discussed the effectiveness of technology development by using the ideas sought
from the farmers that they have no relationship with the stakeholders directly. We have shown three
successful cases as technology development based-on the following non-stakeholders’ ideas; (1) the
idea was offered from a farmer living in rice producing area to the alkali-saline soil area in
Heilongjiang province; that is to improve grassland on soil intercepted of capillarity by chaff as coarse
layer., (2) the idea was obtained from the livestock sector as a vegetable cultivation system with multi-
functionality in Inner Mongolia; that is to cultivate organic vegetables using heat generated by cow
dung, (3) the idea was sought from the farmers living in semi-arid region to the famers producing rice;
that is a labor saving application technique, which floating organic material is put into the paddy fields.
This report concluded that it was effective for solving the complex regional issues to encourage the

participation and creativity of the various farmers involving non-stakeholders.
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X — 5025 98D 7K P T 7K 5 P 287K T 9 2Kt B 21 R R R0 o MRS LA B T R, 3R
2L T AT T 40 5 AR B = B AN JE B, K B 7006 G th DX PN 3 i ARV i T U g 3
HO(F2),

IR BTG T K ATAE JIRCAS 28 65 5 TAEHRE (Hosen 20100 H, DUF M2 ARSI (1)
FRREEE

(1) AL PR S RGP R RN I
O HriZHh X A A LY KB EH

ARG R R A P R R RO X . FRATTFH B RPN I 1979 4F-1997 4 [A] 248 Atk
1T 14T, FEEHE 7 24 M R/K/KR (Yagi et al. 2010). 7RI EARAR H 35 K% JH 4
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WS E KENR, HEAEARRE IS (B 5) (1997 Fr-FE—FERNR ST EE TS 288 kg
Nha' vy, (H7E 2 b T 7K A I ARAGI H RV B AN R 575 G . 454 T 7 H TR I8 45 B 404t
X E A RN R R RS R R TR B 2 2 S, AT 808 7355+ (Yagi & Hosen
2003).
QB2 B M 25 P85 17 R (1) A7 H S L S04 it

TEINARE RS, it AR R BE DA K AE B AR R 5 B AR &5 R SR B 7= B i s ma gh AT (1)
¥ (Zhang R et al. 2002; 2010a; b) FH, FEFHZIEEIHEE (450 kg N ha' v ') HHT
Tt AR ARG F K 2 ST AR R R R AR T R MR T S L R, 165410 kg N ha' y ' (A
MFAER RS SR 37%) MREAEHEERMAR T o MESEERZIEHEIETIRE Scm &1
M, BRKEWFKE 972 kg Nha' vy GHYTIERFZUS S &I 22%) . k2,
P HRIA Tt B 7 VA R AE TR B Sem Ab RN S R & XA R T AERT 1Y) 59% (P& 6. i e [F]
FE TR FE 2R FH 90 it AR 2 it A RHA T AR IR R B T, AREHAE R A ENN-
0.5+7. 1 kg Nha'y' (ZOAMERPESSER 0%, BEEREEEXIEE K (H 4. 7F
TR (BEZE) e — & fo B WU 2 K & N 235 K . i BRI/ INE P 2 iR A R 3
I H CERI AR R > 33%) HIRRIRZMALH CRFESE) BEIH K. PR B se
PO IREE G SRR BRE SR H G, SO KSR AR R 6% B ARIR R, BUR
FRIRZHAE GRS 7%, /N2 R EUR R R 2 A CRAAEED
@A At AL & 5 A R RER RS T 40k =

FEAG BT & IX 2 R v A0S0 DX 5 T 4% 2R T M V2 7K j ) BERH s 23 V8 A
KET T =FTEWES (Zhang S et al. 20100, WELKIEREMBRICR JRE MM
KIRFE) HiifEa (0~450 kg Nha' y') &M F, HNB/KE LN BB MR K =I5 HITE
E6~T73 mm y 50.3~2.1 kg N ha' y X[H, ¥AARMHEEXERK, sl x
(JRE 450 kg N ha' y') /e XabEMA . Lok HAES R IERHEH Fi2iE N S50t
KRB SE R AR .

(2) KK 575 B T BUR TS G2 5200
O V& FUBL A 520

FE I PG A0 7 1 DX B B A 5 ) T Qg X T 3B (33 P 7 A HL, 3 75N LAH AR
TERHEAT T R AT BB R KA S, FRATHR 1 X /K H A 4 (A S A s . 9 HL
EHA V& AL B HAR AN TR K& N S H R IRTG R KE R A e M A
RS B R A HA R F A RS Je T e 483 (APPD), FRA T IX — 385 E AT T
PR, 2 IE A T ORI, IR T DL EEE A T S A A A B R AR IR R R
. R AR ARAEAE TR AN . KB MT5 44840 (Guo et al. 2010).
@FEKX OKPEBLEEKZE ) FIURE P R

LA B TR HER (1,22 P AR R R X — M R KX . 5
A b Bt 2 A% VAL T 3 B0 OB U K B ) 9 XN % 1 IR ) 8. 5% 5 3. 2%, B 20.3 kg
ha' y' 5 1.0 kg ha' yv'o X—HFBEREETERIEVIHIEIA K, BAEKREAEKE
BT H-9 AR TR WNEASEIREEKFEREIEEE 2 R F X — sk E (E
), X B IR R T EEN (F)15 2004; Gao et al. 2010).
@B IR
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FEVL IR AT B IR H ARG X, 385 MK RS N S kAR R h B SRR I AR R
FAEIER . — A RER L RN, N B YR B R AR, R IVEIE R
RIS YR (Li H et al. 2010). SHSIBEHRE, HUURHIEERNRE, 2%
REHN109+13 kg N ha' vy (IR EUR AR 37%), 1 LA AEE (6 50% 5600 JR 2 i 2845
REMAEE 4247 kg N ha' v (IERA R SRR 28%) . N5 A AR 50%5 33% AR
=i, FIERETRDSBIFME 24 1kg N ha' vy (ERFEUSEERN 1% 5242 kg N ha
Ly ERRRE SRR 2% (B 4. T B AR IRE T SO m KRR A R, R
PR & 50% M B RER, KEFERAEERE, HEN/NEZFENEGHT FE. GKREH
RERA S /b Hh R AR IR SR A5 G o FET DL BB UGS SR, f U MR K R I R DA i
AR T RLAE KL, FF HoR A kb R B AE Y 50% (Wang et al. 2010).

(3) & T4 A PR LR Y K H b 3 A R R 7
OF: TV G AR K FEAR BT B AR I 5T

TR R B AR BT S, A T AR R R &3 K SRV = SR, 5 I F) R it i 153
fEE (300 kg N ha' vy B, HSHBHERIRENBR T, ZIEKEN 102116 kg N
ha' v CIERMPEUS S RI0 34%), TMifE B ELAC IR I I K B A R E 3248 kg N ha
Dyt OIE AU SR 11%) (Li T et al. 2010). Hn AR & 50%H AR E (150 kg
Nha'y") B, EIELEN 15418 kg N ha' v (EEHPELSEK 1%, FRED~ &M
HOBREREX LR ZEZR (B . KR REELS R, @i nT DU E M
ROUR T AL AER), 5 E e A ek /> 2 A5 AR 1K 50%. [RIES S F 70 3 B JBE ALt T 8 S BRLE 9 /D
RIEREMFR LR EY 21X —Bhr (B 8) (Xu et al.2002a; 2010a).
@7 %R FH 7K H 3R AR H

A AP BB L PR K X (254 AW 20t b — S s (oK g pe (X . 85
I R AR 2558 IR AR ST A 7 DL FE TRRAR B , Al B 1 2K ROl
HERRGETEIE (Xu et al. 2002b;2010b). BF7E45 LB MM NE )Y 467 kg N ha' y
LOMAE ., B SRR 2 5 95%. 3. 1% 1. 6%. EISMABEEN )Y 464 kg N ha' vy "
HREDRNCE .. K E. HRRARESH T BERED ML 52%. 38%. 8.3%5 1. 5%, i

RTINS R EIR, KLY S RN E S A B EASERK, FIHRIHAR X
— IR SV B K I

3. BHEPESERTHIX KK

HFEN 21 e Dk, P EEEE R BAA TG L —F Gl RIS KS
Fo HM 2000 FELLKEE 5 I N ENEFESIE K509 2. 8% (2000 4-2004 4F), 2. 0%
(2005 ££-2009 4£) 5 1.3% (2010 £-2014 4F) XJLHEIE AT LA S, JEEIEN &
R TR (B 1. K9 A,

{H 2 2% 18 [ B AR B AUIEAE F A, AR 2 2 M 1 SRRk 0 R R [
T AP AR AR EBUS A ST SR BRI B ks, HER SRS
1997 4F & 2008 - 11 4F [A) A B -tk th i AR 2 9ek2> 1729 6% O™, 2014). PRI E
BARFIEHEA BT R, ] DAERT - E AL AN R RIEEFERSE 2002 4-2014 4E[A]— EHF
sk (K9 )
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IRORAE HH I AR OR B 22 57 R J rh — B2 — I LA R, (A SV R A2 Uk b R
ARV EHTHE T 8. 2016 4 3 A+ kR ANRARKSH IR SW il 17 (b
RO [ R G A R R AR+ =N TR ED), B “2pth” X — R ESRAF N “ 0
KRS E” Rz — 508, il I, L= —FgERt . s 2016 4 11 B %A
A 7 (H=TESAERY IR, R RSSO B e 2 [ S J2 T, [ AR s 4 H
4T B SR 5 BARTHRI TP 5N T 58 A B IR R S R M A R EOR . R T
2018 4 1 H, EEH ARy BE) IR, R, SEREEIO A B 12 1E 2R
IR PR prE “EERE”, HEERI BN SR, R AT 9 # R B E a4 455 )
B A% FE brap fr kA B SR 1E

AR SiX — W, 2 RAHE B e 5 EIE I A E A R, BRI AR —17
THIH S, 2RI H A5 5 E ZUIEH 2 8200 T 20 28 70 440 90 AL 2Tl 5 £ 3L K
WY (B 9. FIIER, BEIRH T E b A R R 22—, (EAE S
I 2 ik (1 5% L H S B T HERAE A o 4 F A 51 BEPR OR TR AR M 25 2545 il £ IO T i
B YA ZAKPER (Yagi & Minami 2005). FHAE 14 fi A BEARF OR$5 it ) o B AR R 22
FE b H i [ 8 2 I R E B

FERTFRAL R ERTIH G, T HEDY 73— PR TSR — BAER S EH . 1 2017
F 2 ARSINEREET A E “EHERREHRG (Towards INMS)” 1, 4k BLEH H (A&
bR, BUH BT “RWHDORTESR ", KR E#HESFER RO EN RS EmA S, 73
IR B GRS S PR 1R = LIRS S, I Bl Sk S8 e T e ARBTG5 X
ANV FR S0 T [ B 141 (MARCOD 45 F-28 70 ) 55— Jiti [ BRAF IS 2 “ ARSI BB S LIRS R i
AT 2018 4 11 AJAzh. MIfFARAXFNE P& ERE Mt — R, FEE A )[R G 4
SRAHIX, SERARME A S ARG A RUVE B, ST B K BIR B2 FH A [R] e 4 FLRE PR 5 ) 7 1
M PR B /N — U

25 CHR

1  Gao, C. (2010) Nutrient exports from agricultural land in a rural watershed in
the Taihu Lake area, China. JIRCAS Working Report No. 65, JIRCAS, 35 -40.

2  Guo, H. et al. (2010) Study on agricultural non—point source pollution
potential index (APPI) in Taihu Lake region with GIS. JIRCAS Working Report
No. 65, JIRCAS, 27-34

3 FNEEMS  (2003) o EALE P K H ZWWEIRIC B0 2 7 v £ = TR 20O
. B RAMOKEE DT FURCR G, 10, 17 - 18.

4 F)IEERS  (2004) A EKEIHUR O SRR KRS 5 OIEIKIC & 2 EROULH.  EEE
JREMOKE ZERT TSR B R, 11, 19 - 20.

5 Hosen, Y. (2010) Evaluation and Development of Methods for Sustainable
Agriculture and Environmental Conservation in China. JIRCAS Working Report No.
65, JIRCAS, pp. 8I.

6 Li, J. et al. (2010) Effect of polyolefin—coated urea on rice yield and ammonia
volatilization in red soil region of southern China. JIRCAS Working Report No.
65, JIRCAS, 65-72.
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o H e R S PR B VAL A A 20 A RIS R

R 0, R, Bt AP, =R
1 EARO R B SRS AL X RIBT TR . B B HOR E X TRE SRR =,
2 E AT AR B BRI T, 3 EBRARAMACT AT T 4 H AR
SRR TR

REAE R ARt 7, FEARHEARMD A P AR 2 b AR T B SCHAE ] (kAR
55, 2008) , Rpl R E E1E T G TR RS T A 22% N R, A AEAERR
R R T L BB AR, R I BT RE 40% A CRIER SR, 2013). H AT,
Hh A AL SO R B R =2, MALIERI ARG, ZUEFIAZEAL 35%,
HEFF KR 16-20 N E 70 rle BT IERFI AR AR, SEREFRIRHZER T A
TEAEKEZT, BN T EERTS YR Oy 7RO R R R ITEIR AR, h H WY
H 1997-2016 A EREAT T “HBARIBURN A BRI R 5PN 7 Je b [ 3L R HAK
FE RIS RS PRAN 5 N AR ™ SR 7T, DU o [ 32 B AR B AL IR AR IR, 1]
I HEAT TR SRR PR U 70 b, 3R HR AR B BRI BORTE I, 45 S LA 57 7
IR, SREAIEA AR, fRyAR SIS

Lo A e 28t AE -5 R BE VF AR A 5 R SR [0
1) BRI AR A = HR B TR SR BEFE (1997 4£-2003 4F)

JEAER H 2N T SEmfEvr= &, REARKEARERFHEK. ML 30 24k, TEL
REFH B Hr 4 M K, TR B B A IS CIRARBISE, 2008) . [ BT A& 248 AL AE,
T4 Sk B PR 48805 G 1) B H 2500 Y (R ScHA%, 2017; X0k, 2017). T Wh AL IE i 550
Bilo% &, H 1997 45-2003 4, FHXWGIFE T 7+ HBUFEEERE < EFERE
PHRFRS A AR T, HNRZ R “HE R AR A P RR I R S5 7.
X 53 P 25 bR o LR PR 2% e L AR 78 e o o BB 2 Bt 7 ot 3B 7 P 5 H AR [ Bk
VAT FEH O« H A AP IR AR T B 55 BT A 1 58 1 AT R T - H AR R,
et HARNVBHEAERAREEDTE . ATH K& ETIT, BT T 00 E 2050
(1) I B 7 R 3 EERAE S B B R R N R4t

BN LS, — e, — &R AE T LI, HAREa AR
FAB 53, PAIAEBHE RN KA WRIEE N R ARIAZR T AR K (RIER, 20005 Guo et
al., 2004; J@wt, 2017; BEBRHESE, 2014; 1RUIKSE, 2015),

H AT /N - FORE AR T, SRR F R A TRIRR SN KA E H, AR

WoRE F 33 2018-08-31
TEEFN: B (1961—), 5, BRIGRIIA, ARG, Brm: LRI HAE 5B 352, Email: xuminggang@caas.cn
BEIWE: EREATRIRIDE (2016YFE0112700) Al-HEFRE{EHH “ b MRS g iPn 7 .
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REAE 19, 4-T1. 3% Z 0], MAEDNZAFW, BRBURRIT 1 4-2. 1% FEET N ERER
PEdilr, SR RE AR B IR I R IUR AT, 2008 25-41 % (T334 35%).

BARMIBE TR ARLEIL T BB A T #ARMC, #RBLOR 2%/ita . HEITT -
FORFEAERI R, PREFE N L 13 DUG R AR, Bl S RORN 4k S5 A R A 5
BARSEMEMEK, HAEERE TRKE, MESESBERIN R, W 5%EEAY
AL, IR AR FRAR B = K, B BRTE AR /K petth b, 3 s AR S BN .
BT # A S B AN =, T EL R 33 TR B, B DK et 1 260 3 Wbk 32 B R A A UK RIS
O ERE R RS, B TAEKREEE Y, KEERKE RN REE —EK)ZE, FH
A—EMFEE, MUBAEERRPMERR, HEERROHERAEMN SHEEER 1. 4%.

Hh [ R UK FE A R, FEHTE— 2 R AT 2 0GRS HPK, A1 ERILXE
ST, M AN ERR, RERRNKEZ . BREKR, FTUIEET,
TEARTRE R KR MR R BEAR R AR, PR AR A S 7E R 77 B B X A2 203 1) E B R
@i, HERBAENS. 4 %-11.2 %,

(2) W BE G HUERA N RF A ER, $E 7R LB oA

it P 2 BEJIE AT DAKME FE PR AR NS 5 2%, S IERERI I 28 ORI A%, 2011, BRALH4ER,
2018; TREAKIAE, 2015), HXSANEEYIMIHE =8OR 2 AR, TEANFEY) A 5 AN [ (13
At HEIETTI/NE—TOREERIT, R Meister SZRENLRIKI/N G P= BEAR RIEMC, *
B R AT /N2 (3 = AR AN QR 32K, T & AL BR IR FoK = i 2 S A B R . SRR TE
TREF S IREME B AT, BT RKRPEIC TR R RIKL, Kol Meister 150 kg N/
hm fOALEE, 3B T IR A R R RI 2 6. 9-13. 3%, P& 558 R ZF AL PR F-F 508 &
ob [E B 05 (R W ZE AR A VR T, it P 28R E 75kg N/ha HHER, P7&E R[4 3] 150 Kg N/ha JR&
(7= K, BRI R AE m A —f URREMFIHE N 25-35%, T30 30%; MR AEA
IR R K 65-75%, 392158 70%), EAT 4 R 45N Rl 5.

A HUAE S TEHLAE S & S D S R k. SR IER RO E IR R E EEAEH (4
BB S, 2015; SKIBUESE, 2015). i3t b E R 7 M XCERESC AR 0BT 78, JKFEA & TR 2
HERGRE, SRET, BRAEAE (NPKD) LB A PUIE (NPKD, ZHERREHKL
B0 NI 37, T%F1 18. 2%, AL OD MRS ENEEANER 0. T%. #:
% NPK Ab3E, 45 K B AR SN B 37. 9%, 117 NPKM AT M AL BEZE K25, 23 3
NN 7. 2%F0 1. 0%, AN 7]t AE A 22 ¥ A0 22 B AN A, 56 5 457, Bt AR A
FIHH 240K 26. 2%, A HLAEATAHLICHLALES & it FH 1) 503 R H 2805, 43 51 A 35. 4%F0 37. 8%.
B EUANLHUICE &5, e~ 8. 3%, FRuAHLIEHLEL & A AT A 28 K #5
FrE, T HAE R RS R R A R, RO AR R ] R R R 1) B IR AR

2) [ AR FHARIE A A5 RS PN S IEHORBE TS (2004 ££-2016 47)

BE B AL = ARG K, s g H st el R mle b EAEE A EL &, S 8h
R A FH AR JIE TS e el RRSOACIR TR 2R SO R, AP U 3R N RO /KA 8 IR A I 3 2R A
CRIgRE:, 20140, AOVIERH & A2 KPR IR # AR IR, EATR K E E P4
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B 43, AR S KB B OB (%, 2018) . R T ARHAZS RS RE A0l T
Frok e, hHXOG R TH G ETH b 8 R B A0 AR B3R 58 XU PP 5 e IR B
K7, BATHIN 2004 4F-2016 4F . AAWEA £ Z BRI . AN E, TR K
FH 3975 43 R BT A 23 BT 9, BRIAAR F 38 9% P ADIR L, 328 170 W A L B 35 XU AR AAE
AT H AVETEIL, BUS T W R R B TR
(1) KB T AR AN [FR 7 0T IR R - N\ 2 B AR R

T b A8 SRR FE P U N 32 B DR AR 32, AR 7 R AR R By T0%RA b R
M. R GEFI S A ) R AR, BB RFE R RS (532.6%), SEHARE X Z
(61. 5%H1 31. 6%); AL R LASEH AN R b fe iy (700. 4%H1 615. 7%), MR HAE (66. 6%)
HEk BRI R R TR (BB, 2016).
(2) B T RUBEFR 43 I 858 XU i 4

BT RERRBERT 20%80 A0 FREE = A WAL B, AR AR B IR K V&N 150%
(Zhao et al., 2009). VA]Jb44 iR S [l (1) U A 4 R 28 L8 P SR, O PRI A T8 £ Jk
JAERT IR o [ B HE A 858 U FE 4 0. 5 E R 22 A LR, KT 0.5 X ERERIRA RS (X8R,
2014). VAL e . SRBEAURE 3 FpANRIF H 7 2R AL AN AL R A 58 XU Fa A KT 0.5
(ZEFA %, 2016) 0 o AoRR FH 00 1A PR 458 XU 2 B 85 R 3 R, SR el 2l 11 B 355 XU 2 284y
o RE RS, T i R 110 B 5 XU, S 7R 308 3] 77 o XU o DR VRT A6 4 ) U AL ) 45 N A
BRAK, HoN T EArshIt e Sy, ROIKE PRI LG (ZEFR4E, 20165 4B R4, 2015).

2. H SRS BV S 20 4 BWGRAE R

T H RO AL S ORI S A 20 SRR, SEARTE 1T MW ST RE S ANBIE TEKT Rl
PERENERIAT T, SR IEZ R W ENLE A F Xk AFFE R 5N s B0t IEseAR, 183
[ bR o it K5 BT B 5 R A oK B SIE AR ORI R AL BOAR,  SRAFAML B R k20
AR, SRR T AN 20 K, XUUTAZUR 80 2 NIR, IR EBRITT & 9 K,
WFE ST T - H SRR A R (0 [ PR EE I 7, $ERE 1 XU B SRS - 1 20
Bk, R HXUT IR EILE, S EAN, @O T KRS R R BB AR A1
BRI H A2 5 N Aok %, 005k Dy i HOACGF AN e H R 81T & VR E 25 0 B K DTk

3. SATHREEENESSEW

bEE DAL A R, MHARB R B J0 . ISR I EORBOR R, o H XU A
A B IS USRS a1 A e RO N5 A B R 3 D T B 5 PR K SE iz A 2 etk . ZRE 51
T X5 LSRN A BRI R, RR A A ] A P AE R J LA 5T
1) ORI AL A B 7E -5

e RO AE BN AEVE D E TR BE R &N L, SRATBUEAR TB B R BR 2 s v R A
FZER, — D5 T T8 7y ORUEAE 07 B A R ) 3 e, o — 5 TR D REPRIR B, DR3P £ A8 3A 8T (H
M, 2018) o HRTAEAR A o A4 A T B0 e At IS AR 1 ZE 5 AR A . A v
JEBAR . BEBMRILEA . BRSO HHREEARSE . FeallEER AR R, &
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BOEFREWIBIR . P R M E LR GE FR RN R R 8 IR — AL B AE)
B IR IR P BOR N A AR5 OR 7 1T A S5 A S5 2 AR oK vt R0t T B A 7T -5 82 1 2 77 1)
CHHIE, 2018) o BRIt HXU7 AR AFAIX IR R @ EY RS, SRS A e
BOBNEEAF B, Rl 2. Bahfb. PIILREERR, AT KIXEoRIERH ,
R BRI, BT SO B B RO

2) SHrELALRAT AR 5 N H

BRACRIT A B S UG BT R Ge EREALRL SUEMIACRISE . 22/ R AL RHE AL
TR REBOE R 28, BEBOVEHS, KA R R 6 LR S A K, SR EEL, A A
A AR TR 1 IR 70 OB 2 B A RV E D B K BT UKL, DR b R f e A
BHERR A “21 A HBAMRACKL”  (ZFFRSE, 2016) o &2/ RICRHR AT m L IER A 2.
TR AL RE . FRARAE 7 A . BTG e SR AR R A O RN
S5, 20115 PEAIWESE, 2018; TRAEFTSE, 20100 o SAEAIACRHETE R EH A R E
flldh, N AR, AEYIREVS IRAF RS I AR, AERXR RN (7 A2 v, ] i e i
WAEYERBAE R . BUEVICRME— Mo IR R, N 38, 8 I R E T PR 1 R
B, REREDE KAPER. B e SHBE. #nR, ARSI GRS
RAE, AR EE A R LIRS, R &, BS54, §2
A AT TR B S (RIS, 2003; sKEmARSE, 2013) o HESDHT ALK
FMPAAC AT, TR TR, fERAFZMEEHMT LKL RS 71, o B X5 B G
KB EAL BINR SR TH R BURTRE 7, I H BRI A BTN, 8 S0 R R A1
&, BOLERE LRI R TRESOR 05, SUE AUH S & MR, SRR
BIRACRIT R S R, R PRI AL R R, BRACHEAL A B 0N, GRETR GRS, 2004) o

3) AHEPRZ S NARETR

X7 20 F G VERA, SR XUT 15 5 20U, e A2 4k 80 o BT m 20N AN
AERY T BRI S &, BARANA S Bk, FEZRES&E. £F L%,
SIEER” B RSB, T B XU AT R &R, WU REA LA 5-8 Nk, & 2-3
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4 ARIgH, B 7 ANEEXTFEREHTIGE CEAE. g, BHL, 5N ZE R e
B, X 7T ARYR: BFERFERY . 5ZWRS . P ALY, BEBERE . ZHEDG
K. EEBEASRY . DEYPTHRERRE, A BRI REE CSA K& PGS INIE. TEHAR 7
MWL R, RUEA AR E KGR SRS VGE, BHEAE (R B LA FINE,
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N 12 N i AHEHAAS RIS IEXIR T A S 18 4, AMIEHT 60 4, ZH 140 47/
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JLT5 JIRCAS EAFWT 7T o W) 2 e A A2 1k e 22

WRAKAR" - BB fl T - BT
ThERR S AE B T EARREBAR P T PR AR MK T S

1. 5 JIRCAS fy H & 1EWF 7 Iml B 5 B R A 41

H A BRI ML Hty (JIRCAS), XA 702 NFR H AR T e 1| S A= 6 5L kW 2111,
Y IEAE R R ERR e 2T R S0, I “UR%E JIRCAS £ ATT At .,
TEFNEENAT, 76 JIRCAS 222) T 29— R [a], i RBUeA bR, S ELUEIREE /N L5
D], WESIR T ERZIMA R A AESEIR 2 JIRCAS A7 N . IXIREE ) 52 aa BBV, XHEH
o g [ ) SRS TR B 1 RS ) A

FIE G, e LdedE e mEE B, 2] JIRCAS S5 Fu BT & 1E 7. b)E, 1E
JIRCAS HHEIIH 25 T &R IMPEIEH T, Bl &R S A, a1 — 2R3 30n5E,
FHAG T —EMEERR .

FERR A 2 MR T T, SEHAR T PIARZESE, B (2030 A E ik ) Al
CHEF IR PR S (B 1. XHAZEERZH A5 T X T (International Food and
Agricultural Policy Simulation Model) FIEES EARAAZN (World Food Model) ffj%:
o

-’?(')30% * TRKKBER
W

-5 R

A3 Rl A SRR S, I AR THED A AR T34 520 (Chen, Y., Chien, H.,
Furuya, J., & Koyama, 0., 2009). T2 57 EIRR 1) S AAR A0S o [E AR AEVIRIFERE - (Chen,
Y., Wu, Z., Okamoto, K., Han, X., Ma, G., Chien, H. and Zhao, J., 2013) DlfZdET
H I A [ R WL R AV BOR . AUR RN . (Yong—fu CHEN, Zhi-gang WU,
Tie-hui ZHU, Lei YANG, Guo-ying MA, Hsiao—ping Chien, 2013) Z&,
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f£5 JIRCAS HIAVEW i, IREE MR 7 — Mt A A, IERG1EFT M SR E 1
Clith) FIREBETE ORI SR HARRIEGR . FORARDR LR 25 7 TH AR 7 4 9518
30, E H AT TR SR B R A 20 (BT, BRKAR, B, 2014), EAREN RS R
PR LRI 7T (KA, SIE S, RS, B hF, 201D, AREEIE . IR E TR ™71
K Ok 72, BRAKAR, /T, 2012) JEF QUATDS J7 ¥ v [ 3t X R IR & 9094 % (Xinru
Han , Yongfu Chen, 2016 H1H [E V5 #SIH TiT AS AW B 248 A 75 K2 X K (Jingjing Wang
Yongfu Chen , Zhihao Zheng , Wei Si, 2014). tfEPY K3 HZRE KKK R K /4 & B
(FR7KAR, 2348, B/, BEE, 2007) 4.

2. BIEMIAIERTT

I JIRCAS FIEEMAFEES S THREIMMPETE My, FEERFEYR4AeN
RN H A A B S A I (9 5 7R 9 TR I A

TEZAE T, €2030 FFE R EEYHEREE) —FrT L2 5 JIRCAS & EW 70 R 4B,
[) Bt e [E] A 22 1 o [ B SR A B (China Food Demand and Supply Simulation Model,
fAIFR CAU-JIRCAS CFDSSM) 144 Z 1 e SR, A Ak 1 b F KA SR A5 Y (Hebei” s Maize Demand
and Supply Simulation Model, f&#k CAU-JIRCAS HMDSSM) FBF%E N %E. FEIAHZFd, %
T IR B AT R O, VRIS RN IS S IO A G A N A .

MNEETrp [H AR AR (CAU-JIRCAS CEDSM) () 2030 4F [ A4 fit sk Fi 45 5k 5
TRIFEI N 2010 £E, TSN 2011-2030 4E, FRMSAMNEY) CBFEAK. IE. Tk
HAASY) . Wk L H S CRENMENEW) LR E W (BHEEN. 40, 20, 830,
BE. DD AR

(1) 2030 4 E AP0k £ I RR R, HEsRE O 0. 66-1. 99 12z 7], H{7J7
KIS RN 1. 28 {2, BTG TFESE 80. 5%, Hrp, F K EEMAYGHE K,
2030 HEFRIFIAR] 0. 72-1. 60 420, A7 RIIA 1. 12 140, BRI THE 67. 7% A
VI T SR GEMI KT, & F 75 SRAE TSR AR BT 5 b 3 IR B, 1T ol 55 SR BT o Bl 2 K@ B4

(2) A5 TR B Tl T 75 SR BRI 72 7= &1 30%LL T, 2030 4F H [H A 4000 &b T 34t 1
2128. 2 JIMi A i 1 2542, 6 JIRERFE I, A7 E T e 269. 8 JNl, BT LASEIELH
HHEE. o, BB ORPRAE, A R R 1838. 2 Jili,

(3) JHURMEPD AR ) B AR SR i UK 3 — 204K, TRA 2= B T 56 4 ] DA f2 B N 75 3K
rh R Y 115 3k 1 DR AE 2030 £ETA$) 6605. 7-9374. 1 Wi a], FAr i il 8423. 9
T3 AR I BE SR B 1 888, 1-1073. 6 Jifiz (8], WAz 77 &R Sk C Ty 1010, 1 5
KO T LAV 1 452, 8-2039. 1 Jilli, H47 5 ZHith 1496. 0 Jni,

(4) 2030 58 7= i AR P it = s A 2 B N 75k, S S EITEE e 1 611, 1
2k 1698, 6 JiMliz 8], A7 EROT T 893, 4 Jild, oAb, A RIS AIAE SR
K7 R T BAEEHERER O TR — DU, & 7 S AK P kB AT SR e,
ST O O B N DR BT 2, T oK O R /N T LA, X RARKRE -
TR Z [F 13 OB ARAFTEE A e, X T AR BUR T 2 3 1 B2 A iR g et

ML ESEE AT UE H, ANERZ 5K AT AR LR RBGE U HAL R R & &
KPR IE R AR, TR RO AL | M =T, RRERMERTIGFESE
EUR B AN & PR 08 (R Pk, Xk — A R W AR R v [ T KA SR i) @ AT 2 v [ 22 4 )
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A YA S E R

FF CAU-JIRCAS HMDSSM FAAR A 45 IR B IR, 2030 ARk T K A0 A3 SR -4l 376 1 HY
994. 0 FFHEZF AN 2846. 0 WL [A1AEZ) o B 5, FEANT R R ZKOR A0 PR 3 X0 B P2 5200
2030 4, AL E K EAGIA ] 3129. 7 JE, E ARSI K TR, 2030 4, db T KK
BHIAF) 3252. 2-4080. 7 Jiml, Hrhh 45K TR T ERE N 3633. 6 N, FHETMH
A8 N B 2K 122, 5-950. 9 Jilli, oAb £ 5F K 7 BRI NN 503. 9 Sl R
H K TN, 2030 SEJATAEKE A4 HE R oK 978, 3-994. 0 Jimf, R, WiiRACE AR
PR Z0 B =50, 2030 AR AL FOKRTE &P 707 R 3 AR RRINA S, T Z M A
TPANEK, HHNESE 161.9-2846. 0 Wiz fal. A WL, 7E TIAGFImi bt fE g, Aok
M ICHR AT BEVR 25 PIAH O 1) TR P ML IEFE G DTl T R I gs AR (. [FIR), AR 32
DX PHR B 2 P bl SR b 52 o) 1 FL K SR ERT SRR g o DRI, IBSURE A 0 B2 R ) R REAE G 7
R, RS, MUrBCeEs S, AMRRE R %a.

G DL B AT, AR R S AR B B A 0 B ORI ) 22 4 T R RS R 5
WEPRAN T T S SV RORIEA LS &, TESAE ek R, Bl

M [ 22 A (il mes HE O, B S AU S 35 [ P R A 7, B Ak [ B i
Y SR ML oG, ARG B BT RIF AL T T RIBUR ST o 3, 5 B E bR o & o,
ST A AR ] s A A B T LA AN S B A Bty TR E bR T s AR ML AN
FE 7 A RCRH BRI LS, S REVR R B YEng 5 E K e A H WAy — 1k, @57
KA E R 22k R

MR Y2 s ok, |, PEAVFE “EhE” , 5EHEERELNEZIT
JEANM ARSI “HepR” o L SR AL B ARHE S SRR B i e 1 5 B (RIS, T3

RGP TR HIX , XA AT A R E Br & T 37 1 Aa e I TF R nT RESE LR R IR, aT LA
B IR VI SR RN 22 4 o JLIR, TR AN W In i & 7 75 0K, MZEf R 1 PN 1) & 7= il A e
BV R ARIE E N & 7= S e RF g R R, PRI AR R 2 R0 [ 51 R 22 42

T BB, FREEE R, RO AR I 26 & AR PR BUEAT 16 S I &5 21,
Fob R B R AT T

EWSCTTH, SPEHAR T AR AL K PEAT (An assessment of climate
change impacts on maize yields in Hebei Province of China). iZSZiFZERFH, KiE
XA KA 3 RN, KA TR0 s A7 T 26 AR T 39. 832 BEFIZ & T 114. 839
JEE (R FE T 32 S AR T R AL 1) S T SR A A S K. 2050 SEIUBEINGS TR, S3EWIAMLL,
TR ST 15> 2 — o Rk, A EEEE AT LA FEZEA AR SS O A% o (R S I 1 5
W, SCHERTSRZ T IVEY)IE N RE T -

3. RRMHAR-INERAERRZSR, HEshh HiE Tt

M 1997 FFF4G, 5 JIRCAS BIB1EMF T B4k 20 243k, W T ARSIERNE WK
AR
HIRE 5 JIRCAS WA 1ERE FOR AN B ISR,  SEILXUH -
IR AR TEYR AT, RESIREVER, BEIEREZmMEY 4.
WIRF BB TE h H A BUR ST T TR IN K & 1E )1
WP HAERE E— 2.
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S5 3R

1

10

11

12

13

14

15

16

17

Mrokas, ShET AR, ARBOME, B, 2288, AR SCH. v E AR 20 B R i - BT 51 5 P
I B EE BRI RASADL 3 A B A [T ). o B Ak B35 5 (X 4, 2016, 37 (07) < 15-26.

W, BN, Bk AR, RN IR TR LS SR 5 ——2E T 2003~2010 FE4& F )= 1
fEh A AR 73 [T, o FE AL B 5 X R, 2016, 37(07) < 78-86.

B35, WRoKkAs, BT AR, RBE, B/ P H AR SRR BUR R SOl %5 R s [T, v EAR
W FHE S IX K, 2016, 37(07) :45-53.

ghUT AR, 2 E S, NP, BROKAE. b E & R SR AR S o b KRB [T]. Rk R
%, 2015, 11(05) : 72-81.

T AR, R, BN P E BT ERRTFEREATAE 2T Rl AR
%, 2014 (08) :60-68.

EF A, BN, BRI, 3B AR L B M A 3 B AR BRI T —— 3 T T BR IR Z 2
IEBR R SIAIE 73 AT [T ] AL BOR 285, 2014 (02) - 85-95.

PR 58, Bk, BT AR R . PIERAS TR K ——R TR PR 2K
PR R SR (], A R A 225, 2012 (11) 1 11-20.

RGME, Qs WRKHR, S EEEE, B NP T B 1 < i B St A M il 2 it At 4 ) PR
WHARARY [J]. MEHTFE, 2012 (04) :56-60.

R, S S, A6, /NP o AR O i A B L BT 0 ——3 T DX ] A 4 ok
FRMSE M [T]. A EARRE, 2011, 44 (15) :3279-3288.

WA, Be/NF-. o B Al 520 B3R 20 BT —— LA AR A 245 B B o 2 1) 22 2 3 Dy 181
[T AR ZE B, 2007 (01) : 72-79.

MRk A, B 546, BN, 5. BT OREE 2R I ORI S R o A A R R L] Rk
¥, 2007 (01) : 24-28.

ik 48, Bk /NP, B 5 4l 2005 ~ 2010 AF A [E R K R SR TN [J]. B iE ok B &
%, 2006 (09) : 13-19.

Chen, Y., Chien, H., Furuya, J., & Koyama, O. The Impact of Renminbi
Appreciation on the World Rice Market , Japan Agricultural Research Quarterly:
JARQ , 2009 43(4), 329-336.

Chen, Y., Wu, Z., Okamoto, K., Han, X., Ma, G., Chien, H. and Zhao, J.: The
impacts of climate change on crops in China: A Ricardian analysis, Global and
planetary change, 104: 61-74, 2013.

Yong—fu CHEN, Zhi-gang WU, Tie—hui ZHU, Lei YANG, Guo-ying MA, Hsiao—ping
Chien, Agricultural Policy, Climate Factors and Grain Output: Evidence From
Household Survey Data in Rural China, Journal of Integrative Agriculture,
Volume 12, Issue 1, 2013, Pages 169-183

Xinru Han , Yongfu Chen. Food consumption of outgoing rural migrant workers in
urban area of China: A QUAIDS approach. China Agricultural Economic Review,
Volume: 8 Issue: 2, 2016

Jingjing Wang , Yongfu Chen , Zhihao Zheng , Wei Si.Determinants of pork demand
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by income class in urban western China. China Agricultural Economic Review,
Volume: 6 Issue: 3, 2014

Yongfu Chena, Xinru Han, Wei Si, Zhigang Wu, Hsiaoping Chien, Katsuo Okamo. An
assessment of climate change impacts on maize yields in Hebei Province of
China. Science of The Total Environment.Volumes 581 - 582, 1 March 2017, Pages
507-517.
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FROETLAE 7K RELE T R e )

e L. RETE
R AN ERE (5 BB FCH

3

G

Fn e EARS KT AR RHIES, o8 TR R A, 5 R AR Ry il
AR AR S B, XS VLA KRR AR R o KRS A BT AR T e A
PR B B MR B, A TR 7R A7 U ] 5 Fe A ISR 0 ) ) AL o

Lo IKFEAE = R

I 30 Z4E, BRITA /KRR S K . RERIE 2004 4R 5% 92t B AR K DA
ok, FESE 10 PRI K, FEHIEK 16,2 77 he', o5 4 E [FE KRS RO T AE =1 83. 8%, A&
A [E /KRG ARG K B R X (GR 1) o BEORVTAA RO [ 5K i B LR K P~ X 2 — . 2016 4F
A K REFIAETAN 320. 3 J7 ho's &8 RAEDDIRFITHIAL M 25. 8%; P=Eik$] 2255.3 Ji t, if
FRAT R B 1 38, 2% KRG R URT TR HIEE — KAEY (B 1) . 2017 SEFEF AR 322. 3 J5 hn',
4 E RS AR R AR 10, 7%; 7 E 2300.8 5 t, (HeEREASE 11 0%,

F 1 BRITAKREIE KGN (J3 hm®)
TiH BlitE | et | aEE
2004 4 158.8 2679. 1 2837.9
2014 4 320.5 2710.5 3031.0
O 161.7 31.4 193. 1
i B (%) 83.8 16. 2 100. 0

FEI1 20164 R i1 A8 FiiE 454
(PEEG L)
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2. JKRBAEFE EEAFA

HAeE LR A, BRI PSP ECR, MU AR = KB, el 2 /K e
F X CEEASL AR = AR UL . P E R A RIS 2 KR D, BRI AR R I A T E T &
R ERRERG . BRI Ah, 38 DR 5 H s

(1) Erefars. BT /KREA & BRI, (HBEE MR 3G, Bk o
PeFt, CHONEBRITE FK. KBHIRKE = KEWH, K-t am, et ey (E
2) . 2013-2017 4FFHJ 577K 7036. 8 kg/hm’, FLE K 16. 0%, ZKEH 3152 . L4 E R
T PR IE 4. 4%, KRR R RRE, FERRARETRED. HILE B KR
KR, FABRAR AT R AR = B FIIG N R A B ¢ R AR

(2)FEMER. AN IRE &N TR K. B g fE A EAAHE 31 M8 (T
X) 5 =40, HiTFRFEEmr= g, RS M. BRITANED, a8 AR
ORI, ARERKE D, KT 80%, R ENHE A E A, St
MR e (R 2) o A ER MK 8000 r
FEERERE B ARIREX, B 7m%?kwqb${%%yagoﬂo@

JeTT KT B AR AR s000 .o ®
/354, REFRBKNESEL £ 500 |

Pl o EERAHEEEA 52 00 6 ® D
20 30% BRI AT, 4000 | ijil

PR A KR AR 00 L
—O— —0—O- -0
2/3, RAETEMRBAMEES 0] 00000077

Mo FHUETTOL, EREVTLAR KRG P L S A
Eﬁ{%%%‘é’ﬂélﬂ*{%ﬁé, %%H%%E 2003 2005 2007 2009 2011 2013 2015 2017
AR T R R A A EEAEH. K2 BT AR
(R GG H4F %)
F 2 2016 TP E S HAEK R S &= AT
A (IR A& NIIFEK [ALTEERS
K WX | Jihe’ | X Jit Hi X kg X Jit
1 il 408. 6 Nifee] 2602.3 | BT | 403.7 | BT | 1330.6
2 Vil 331.6 | BRI | 2255.3 AN 298.0 i) 811.5
3 BOpiT | 320.3 L7 2012. 6 biles] 259. 4 L7 721.3
4 L5 229.5 L5 1931. 4 biible 195.7 bible 330. 8
5 2 226. 6 biBl 1693. 5 L 164. 2 RS 305.0
6 Wi 213. 1 g | 1558. 2 RS 162. 7 LI 200. 2
7 g 199. 0 2 1401. 8 | 159. 8 Uiy 108. 3
8 | 196. 0 i 1137.3 G 153.9 i 97.7
9 IR 188.9 IR 1087. 1 vy 1| 128. 2 G 89. 0
10 v 113.0 Py 671.9 EUN 113.9 TH 15.5

BHL: PESE PR 20160 AR HANERA A R0 R K B R A

(3) 77 bz 4 hlf o BRI KR KA S ke, 2 R VR B 3, ALIEH &=
b o AT FESNI ] R R A, I AR A B I IR, RSB, IR FEM SRR, &
F A, ARG MR R ZE /D AR5, AABATAR 25 Fl & 20 550 4 P2 & 1 67%



L2 FT TR K AT SE 207

A 58%, HETREXAAHZERK (& 3) o RIERAEARZ, 80%A_ESRI N Ja B IR HE 7,
TR S T 5 B P A% HRGRU S AR D o SRRV N IV B/, R R A VAR i e, AR s
SRR b5 BEAR /AN, i P VR P 77 37 24 4 o e rp 70% 8 FH O TR I3 T 7K E R, B 22 4ol B
AT DUBOR [RGB R 2 i, BERIT A L A 0 FE Y . R, AR A=k
ARG A P R R DM R e B PR i o X et BRI T A8 A P S R LR K O BE A RAEE

#£ 3 2016 FAEREA 7 TR

MK { K {4@8
(JG/hm’) (%) (kg/hm’) (%)
L% 1439. 3 184. 1 546. 8 152.7
R 393.8 50. 4 332.0 92.7
FBRIT 453. 6 58.0 239. 7 66. 9
e 781. 8 100. 0 358. 1 100. 0

T AEA S RAS R RS BORHL 9 2017, (LB V2R, KENE
W, IEEE NG

3. KIEXTHREW

SR A KRB A 7 75 BB LS U B %, A BRSNS, — AN B
KRR “OKE 7. HAT, SRIEILA R 25 R 38 1 22 [ SO & A P B i . 3T e [
FRATELEEFAIELT, MERREE, @EEEZCRIL TR 5.

(1) FETHRIAE R A HTE o AR e T e 2 R, WOk DO 224, sk 1 B SRANT,
B HAL @R, 2 7 ER i @R IIE, TR R S, 0 IRIE R E IR 22
W A B AV 2 AN, NSRKTE R R A E S . RIERS R e, R
X G B MR AR, & AR Ay, BRI AN 2 H DR AR K i Lo P i A AR A N 1 £
FOBI PR, PRI RS2 RS M AE R A (I B ™ o IR 25| 5 T R0k X, 4
JE G X L B OR B XORIHL e 25 i X T 4 T A

(2) gk OAERL . FEINAHES, BOARA I ORKECH, (AR KBS ™ KT
AN R GRAESOWREAS O DU, BN AZ IR AR AR ™8™ R S A ™ 2 1. — R
R AR 23, (EARYRAGERK, BOZAIEALL . AR PR ERE AT, &
FLIER M A TATE B AR A A R HAS™ P28 DR R 2 I EAS FRE (5 46 . AUt
M, REGERSE BRITAE il B OB, SEEURF ORI AR KR B O, BT $E
FHREAK R s AN, ST SEBL LA DA A7 H Ao

(3) SRR KRG SRR A A ha AL I 5 A [ B ST K B8 59T K
A, HER R E KNSR TR, A Y KK FE AR 77 . MOKRER R, PARARSK
i SRAF AL BTN 2 A VEREK F ET S TR R SRR AR T4 AT RES R/ RE AR T AR » 100 2%
RER R LR RE A R DR 2 e BB S MUKREA A T8 B RE R, “ Rt
6857 R R MR AR B8 ) KR P32 R i) D 2256 RIS /K H 3k, OR L3,
WA EEE

(4) FRER OKFFAE 7, KPR A RS, BOREMKRE, O] Rh S HAE
PIRIE E VR AR H o B R RN, ASEERORBEAR A, SR T AE AT AR KRS . H e SeBl % [E



208 [ % o 2E P22 15 8 No.87

FURIHMAE I H 1. BRILEFR/DZEZRERZ 6 AN “HIER”, HRE 2K, b
SEA ] LSRR 7 Re ™ . BT KSR A S5 L 2, Mg b & 2 XADK IR ), A
EEE . HERE . TR R B SRR A . RIEM AR, AR
A BRI K PR R

G

IR, LSRR R BRI LR TR AR . (A AE R
B O, SR P A R A IR BRI AR RO L T, A SR A
JETA R AE AR5 R R A1, VPVF Kt A R B M AR5
R, BRI R .

EEPEN

KT /N FIFEA BARBOW M $AT TR i@ &0 [E], ERR R (2018) 99 5 2018-05-18.
KT 2018 FEHFHERAEAR B it 7 S [E], BAAREZHOK (2018) 53 5: 2018-04-13.
RIEZE. 2017 BRI A KFET 70 [J], BRITRE, 2018(5) 1 15-18.

e N R EL RS, A E A S E % (ST, dba: A ER L H R, 2000-2017.
KTt — i B R Ay A R E i@ (E], BEUrE[2018]17 5:2018-03-16.
BRI op B RAZ R R K R R &R 545 (], RER 545, 2004 (4) :26-27.
BRI R T WK R I [T], BORVLE L5 2 R4y, PR 2015-04-13

~N O O1 B~ W DN

(MR ¥ 2017 AR AR = 2 BT, 456 AaDETE R )

fEEfiSr: BRI, 55, 1957 5 1 A4, BRILEKRB SR, s, Rflt. &
TN KRG AR 2 BRI 7 TAE . BN B ELA R B AE B DR BB L i



L2 FT TR K AT SE 209

AT A AR A R 5 R AT AL BRI A AT REPE

R ZEW R
“E PR MK AT T T E R E AR B AR L 225 5 KRR ST

Lo AR SEER AT ORI I AEM S R R E I RIR S B =

£ JIRCAS-CAAS FOV B AR AR EAEWT T RIMESE T, ASAEE KIS 13 ERN AR S T
KM & AR MBI AR 4 5, AR T H Pk S f BB BT LR fE
BB SRAT T A AL A B B & iR & AR B AR H O SN A OGN
REIR TSRS ME, IF BAEZ AR BRI A T~ 5 N AL AR RGBT AR 22
it o AEBIFC PR A I RE rp o B RN AEVE 5 /0T, IR HEI SR DR H A A% TR A
WEARKIIF A IX— [ AT 1 — R BT ST 50

RKEARAAMBAEL - A LR E ST K, 2530 —HBRE 2R
. 25 IR AR TR (RN RS — RS IR IR SRR, G B ERE =,
S g ok i B — b7 30 AEASCH W REARTT R IE “ARLX”  BRIFRI S T H 3
g “HEMERRE  FAEMNTUER Tk WA AR g “AEEx” .
“HERIERRE T WE? KT m, BRI P AT oG St BT . AR
WS ER XHE TR HX, R 3 S R PR B A R 7 il 1 RR T IR R
(AERIFERRE) SR,

2. FFH A v (R BERPIR M i R A

KT F AL T M BGEFE A J7%, B Harlan (1956) AM4HLCK, IT 7121
B9 o 3X PR M R 1) SR AT SO, T A R A I SR S AT R O R R
WA AT AN BAR A, NHRZ N “sheep method” o {HFHEHT I HIFERE, KX Fh i
HA—E R TIRAR BT AR o 32 PRy an RS A (i A Re 4o 0 K & IR I N
AR MR, BT LS TR LSRR AU BB . 54, BRAR BEARR T
T LB T HEE, P OE RN TR F B H RS E N B — A ) 82 R B R
g ¥ FEEMRXERHEASE N ARK 552 H .



210 [EI B S 21 4R No.87

BATEEAL 2008 4FiH it B RITH KRBT
N GIKIG T S F RSB cp s R 7. B
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