
! !"" ! ##
!$%$$ $#%

! " # $ % &
&’()’*++ ,- )*()’.&/0

1234!"5 -24#
67895 !$%$

!"#$!!$$":%!" %&’$! !$%$:$!4
()*+,’()*#$+,-.;<$=$>$?=@"/’#$0123456789:-.;ABCD?:EF:>$=:?G HIJK%:0L:$":$MN"

’;<=>?-.O?$$PQ.HM<Q$?N""<> ’(<=>?@A#?$%$JQ"R=$"$M$%
-./0!BC;%"P=:N&D&EFG&EF9:HIJKLMNOPQRS%
12-.!TUV;%"<%:N&W&XY&ZEF[&\]^_‘abcQdR’efghbcQijEF%

*:STU3V W98XDB4CCTYZUX[8\\4TC4C8
]<<:]P^k

3456789:;<=>?@ABC?DEFG

! " !"#"$#$%& !"##’() !#*+, !"#

O%4 /’<$0_"<$QlmEFn&op %$$%$%" ?4 /’<$0qrijEF/s&op %$$%$%"
^4 /’<$0EFG0&op %$$$_"N

H I!tS/’ %"PP’%""R’?$$$ u ?$$R vwxyz{|}~�����bc��’��8�’)*gh��b
L�yz{|��dRKLOP&�tS�OPEF�/’wf��bcO�8� %"PP:?$$R vJ��’��b�N
����L���% EF��&\�� ¡&¢£¤¥¦��� §u��¨©�ª’���Lb�«¬:­S%
®��’��b����¯°±²³´µ ¶&·�¸¹��’��b�º/’wf���L���»¼�½�e
f¾¿ÀV% �� §u��L�¨©º/’Áo’Âo�ÃÄoÅ´µ����LÆ§«t&ºÇÈ´eÉÊ�
GËÌÍy��% º��’��b�¾ÎÏÐÑÒ�ÓÔ��&��’��b�º/’wf���L���»¼Î
ÕÖ×¿&ØÙÚÎ��b�º/’wf���L����²½Û&ÜÝÞ’ß’à ^ Î���º/’wf���
L«½Û���&²áÇ���6âQdÔã¿% Ú’Þäå��º/’���Lbæ»¼½Û��%
J K L!��bæ"���L"@LMç¾è"yz{|OP"�édROP"/’"wf

% êë

ìí��bcÃÇº���L���îMê
ï�’¦ð$ñÃòó’ôõö�÷øóù ‘%a% /
’_úÁûÎüe& Ýýþ ��bcÿH½Û’
�!"#ÿH$%�’(&¢%’¼ ?$ý()&/
’*«$ñEF���Lbc�+,���� ‘?a%
-,+./’/ R$ v����La@l0& ¾è
ã1v2�8��­3�LQ�����Lbc
���&J�ó‘% EFÓÔ��&��bcÃÇ
È��OÙ45y6’qSc78SL’qr�9:
�;’)*"<=N�/’qrG�>«��‘^:Ra&Ç
/&��’��bc?@HÝÇ/AH½Û���
��‘]:Pa%BCB,�<$D|>Eìí��¨F�
GH‘"a&¼I5JKL&EFef��óMNObc
Q��b�&J�ó‘P½78% ’2b9\c‘%$au dU7‘%%a

�qQG�{|HEF�!&RSSTU>V¾è
�WHXY���bc���G����&@H�
� §u��¨Z���G�«¬:�­S %
e39U[Cf9\3‘%?aRS .cS2[Yf9\UC (C9T8UC )32bT3 JU\C7!
3TcU28 g2W93[ O.()JgN[\¾è]^Ó_!‘.�

�bc���G����&?$?$v�qQab�®
Ê¨Z %]h&?%$$ vqQab�®ÊL� ]$hi
>"$h% /’�!$ ��bc���G����
cdef·�¾H ? g&!há­3OPÏÐ­3
Gi�j�Ok ‘%>:%<a&EFÇ(��G�l;)""+
.Mm{|�a@WH&]^��NOb�nf�
���L�bc ‘%P:?%a&¢oApÑqrÊMN��
���%«sMN$(ÉtG�á6/��bc�
�uHv£²b��wZ�xyzñ{|% }ô
 &���Lbc~±rÊMN��u�����
�³��&�8tMN$"_Qìí��bc�E
F�Ô��ïCÏÐ��EF%

/vC&/’�P«MN$(¼Ñq��bc
�����Lbc�Z�)*gh�����&Ü
Ýe,òóEF�S�{|,Ý�¢�J��{
|zñ��y{|&zñ¼�J���+� ÏÐ
��¾¾èzñ£ÖG�&zñ¼��y{| ‘%%5 ??a

�+� RSSTU�V¾èWH&�p«+.y
z{|OP¾è��bc����Lbc���
EF%��+./’ %"PP’%""R’?$$$u ?$$Rv�
wxyz{|&RSyz{|@LOPEF���



! " # $ % & !" ’

()*+ !,-.(/!!!01"23(4567
89:/+;<#=>?@ABCD"EFGHI
0J(KILMN:+OP#Q?RS89N:+
TU"VW89XYZ[\$]^_‘$

! a‘5bc

!"# !"#$%
defgha‘ijkl0ma‘%LMN:

nojpa‘5qrsta‘&
0ma‘uvw #"$$%#""%%!&&& x !&&% y ’

z{|+y}01%y23/%~���}01x
~���}23/&0ma‘+��a‘���*
A0m���0m������# �"���h
()*+*,+ ��c# ���a‘��� # -.!# -. �
�a‘#r�=6?���67��+0���a
�S�� �}=¡¢£6y}01% y23/%
��}1¤��23/&

LMN:nojpa‘¥l89¦:/%89
¦§¨©ª%L«¬­M®4¯a/%L°±²³
´%L°)µgh³´%LM¶·¦4¯¸&¹º»
¼�q½¾¿ÀÁÂ"+ #"$$%#""%%!&&&x !&&%
y+a‘#��a‘�q�AÃÄÅ�LÆÇÈ¦
É+~6a‘& ÊËa‘�qÌXÍÎÏ+’*
A6ÐÊËÄÅyÑ($

qrsta‘ij¥l��©ª³´¤Ò
��$ Ó*# Ò��a‘�qAÃ #"!% ÔGÕ
Ö$ ��©ª³´×�AÃ #"!% ÔÒ��a‘
Å�Ø¡$
!"! &’!"()

©Ùa‘ÚÛ/01,23 4151 678239ÜDwa
‘ÝÞß©x{àáâãb©+äå# æçÝ
{àáâèuvézÞß©QÝuê���ë
�ìda‘S�Å/~í# îïð=ñòóô
{õ£Göìda‘+�÷# øð=ùúÓû
{à(K+�÷$ 5Þß©a‘ÚÛü{àá
âÚÛý³# ©Ùa‘ÚÛîþÿ!T"wì
d#à#ZÒwìdq$%#&’()*+,-
(/àé./01I2Å34+OP# 56G
,]78b�+9:Í~5,-(/;à+ý
;<=#g>a+2Å345"ð?$ 89¦:
/@A0�(K%no3�%qrBCst¸é
¨OPDp#’¹ºDpEE{F(GHI#J

K�ëL©Ùa‘ÚÛ�MN£DpI89:/
+OP$ ÝOBPÓQ(/+RST#©Ùa‘Ú
Û(EFGMN0�(K589:/+OP$

deuvUÏ!V�WXN:YaZ?~í
6789:/(450�»¼(K;<+�ÛÚ
Û#?[\/]:GI2Å34+OP#deI£
(/+���^wêIa_�# �ÚÛ>a01
K$ �h+©Ùa‘ÚÛ‘T)

3,!"#$%&"’($) *+/3,),-&,"#).",$) / 3,"#$%+#00$) /

3,1’2%3",#$) / 3,#!0#4’"$) / 3,$""$!#)$’%$) / 3,+,")$0$5,"$) /

3,-,673%$5,8$) / 3,173",&03$%$) / 3,,0,93)$’%$) 9:.$) /#9

a*)$#$;!;*;%;bcdd~í�e/6f6Ðg9+)
?yh/#"$$"#""%"!&&& x !&&%y9#.$)?©Ùa‘

ÚÛ+9:½& i‘ìda‘1j+:G#©Ùa
‘ÚÛ+ka2Å~?lmFHxûnFHã¨
bc& i‘ã¨oa2Åbc+mp#ðqrs�
h+uvÚÛ+¼t#uv#‘49:Í~ . x£
(/78e :îý;#w�hûnFHÚÛ#ù;#
w�hlmFHÚÛ& £(/xp‘c # fy&
!"$ *+(),-.

©Ùa‘ÚÛ*+lmFHÚÛxûnFH
ÚÛz{�h+ã|©Ùa‘ÚÛ#deIfu(
/S� <=>?6=@ }~2Å=�moa2ÅÚÛ

��� �� ��� 	
� �
� ��� 

grainprod ����/t 202539.9 206486.8 0.0 2768159.0 

sownarea ������/ha 64624.5 51580.9 19.0 888708.0 

aglabor 
�������
�/� 

141169.7 120662.4 85.0 2134598.0 

irrigation �� !"#/% 35.1 22.7 0.0 100.0 

fertilizer 
��$%&’�
/100 t 

192.4 743.8 0.0 95205.2 

mechanized 
��()*��
/1000 KW 

291.6 1235.9 0.1 89302.5 

shareplain �+��"#/% 32.9 37.6 0.0 100.0 

elevation ,-�/m 889.6 1123.6 0.0 5162.0 

temperature .��/012� 11.1 6.5 -7.3 25.5 

temspring 34��/0125 11.7 6.1 -7.1 26.4 

temsummer 64��/0125 22.2 5.2 3.5 31.7 

temautumn 74��/0125 11.7 6.8 -12.2 26.2 

temwinter 84��/0125 -1.2 9.4 -29.4 20.9 

rainfall .9:/mm 68.1 45.9 0.3 293.3 

ranispring 349:/mm 65.8 68.8 0.0 502.5 

rainsummer 649:/mm 134.8 83.4 0.1 705.2 

rainsutumn 749:/mm 52.0 44.0 0.0 581.2 

rainwinter 849:/mm 19.7 28.2 0.0 237.7 
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 (b) (B) (b-B) 
sqrt(diag(V_b-V_B)) 

 ���� 	
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lntemperature 0.091 0.075 0.016 0.019 

lnrainfall 0.089 0.085 0.004 0.009 

lnsownarea 0.876 0.912 -0.036 0.021 

lnaglabor 0.049 0.086 -0.037 0.014 

lnirrigation 0.086 0.094 -0.008 0.010 

lnfertilizer 0.144 0.149 -0.005 0.003 

lnmechanized 0.074 0.078 -0.003 0.006 

lnshareplain 0.036 0.044 -0.008 0.002 

lnelevation -0.042 -0.053 0.011 0.019 

Chi2=(b-B)’ [(V_b-V_B)^(-1)](b-B)=20.64 
P rob>chi2=0.0043 
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Ú)1ÛÜÝÞßàáâ%ãäåIJKLMNP5½äQ1æç�

èé" $ v�êëÔÕÖ4ìí%;<=>?OB+$926228,$%DEFÓ
HIJKLMNºîP5"

* $ +,-.!"/ %&’()&*01
+,-.$ %&’()&* /01/ 23 4,5,60/578 01/76,/729 62:0;1

 ��(1) ��(2) ��(3) ��(4) ��(5) ��(6) 

lntemperature 
0.133 
(9.23)** 

0.060 
(4.68)*** 

0.026 
(2.14)** 

0.049 
(2.93)*** 

0.090 
(3.94)*** 

0.075 
(3.22)*** 

lnrainfall 
0.159 
(10.39)** 

0.104 
(8.14)*** 

0.095 
(7.73)*** 

0.103 
(8.35)*** 

0.097 
(6.60)*** 

0.085 
(5.54)*** 

lnsownarea  
0.901 
(51.19)*** 

0.910 
(51.77)*** 

0.941 
(51.62)*** 

0.921 
(35.74)*** 

0.912 
(35.08)*** 

lnaglabor  
0.180 
(10.62)*** 

0.115 
(6.79)*** 

0.090 
(5.27)*** 

0.092 
(4.34)*** 

0.086 
(4.01)*** 

lnirrigation  
0.210 
(16.64)*** 

0.136 
(10.77)*** 

0.124 
(9.48)*** 

0.091 
(5.09)*** 

0.094 
(5.22)*** 

lnfertilizer   
0.179 
(22.79)*** 

0.152 
(18.07)*** 

0.149 
(13.54)*** 

0.149 
(13.53)*** 

lnmechanized    
0.075 
(7.05)*** 

0.079 
(5.07)*** 

0.078 
(4.96)*** 

lnshareplain     
0.063 
(4.47)*** 

0.044 
(2.78)*** 

lnelevation      
-0.053 
(2.60)*** 

Constant 
10.380 
(116.22)** 

-1.286 
(7.37)*** 

-1.136 
(6.73)*** 

-1.494 
(8.23)*** 

-1.445 
(5.73)*** 

-0.818 
(2.34)** 

Observations 9392 9392 9392 9392 9392 9392 
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lntemspring 0.103 0.27 0.125 

lntemsprinĝ 2 -0.488 -0.45 0.649 

lnranispring 0.162 1.81 0.070 

lnranispring 2̂ -0.059 -1.59 0.030 

lntemsummer -0.108 -1.01 0.092 

lntemsummer̂ 2 0.190 1.68 0.094 

lnrainsummer 0.080 11.18 0.000 

lnrainsummer̂ 2 -0.156 -9.67 0.000 

lntemautumn 0.085 3.16 0.002 

lntemautumn 2̂ -0.299 -2.88 0.004 

lnrainautumn 0.132 1.33 0.182 

lnrainautumn 2̂ -0.167 -0.53 0.595 

lntemwinter -0.643 -0.54 0.056 

lntemwinter̂ 2 -0.114 2.40 0.016 

lnrainwinter 0.337 -0.55 0.122 

lnrainwinter 2̂ -0.284 -1.81 0.070 

lnsownarea 0.791 47.13 0.000 

lnaglabor 0.067  9.81 0.000 

lnirrigation 0.356 -0.87 0.083 

lnfertilizer 0.093 14.07 0.000 

lnmechanized 0.037 12.91 0.000 

lnshareplain 0.265 8.51 0.000 

lnelevation -0.018 1.83 0.067 

Constant -18.465 -3.49 0.000 

�
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