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%&'(&)*+,-./0

•!"#$%& (Aigner et al., 1977; Meeusen and roeck, 1977)

•D#!"#$%& (Polachek and Yoon, 1987)

•EFGH.I (Kumbhakar and Parmeter, 2009)

•JK%&13 (Papadopoulos, 2015; Parmeter, 2018)



*+#$

•LMN9OPQN9%&R
•STUVWXY2Z[\]
•^_H`ab./

𝑦 = 𝑋 ⋅ 𝛽 + 𝜀
𝜀~𝑁(0, 𝜎.)



*+#$

•LMN9OPQN9%&R
•STUVWXY2Z[\]
•^_H`ab./

𝑦 = 𝑋 ⋅ 𝛽 + 𝜀
𝜀~𝑁(0, 𝜎.)

𝐹 𝑋

𝐹 𝑋 + 𝜀



*+#$

•!"#$%&R
•aUVWXY2cd]e
cf]g%

•hi^_HEab
𝑦 = 𝑋 ⋅ 𝛽 + 𝜀
𝜀 = −𝑢 + 𝑣
𝑢 > 0, 𝑣~𝑁 0, 𝜎5.



*+#$

•!"#$%&R
•aUVWXY2cd]e
cf]g%

•hi^_HEab
𝑦 = 𝑋 ⋅ 𝛽 + 𝜀
𝜀 = −𝑢 + 𝑣
𝑢 > 0, 𝑣~𝑁 0, 𝜎5.

𝐹 𝑋

𝐹 𝑋 𝑒578
𝐹 𝑋 𝑒5



*+#$

•!"#$%&R
•aUVWXY2cd]e
cf]g%

•*+jkR
• lmFG.I

(Fenn et al., 2008)

• mnopqrst
(Artez and Pope, 2018)

𝐹 𝑋

𝐹 𝑋 𝑒578
𝐹 𝑋 𝑒5



*+#$

•D#!"#$%&R
•aUVWXY2cu]g%
•v#^_H./-wxyz

𝑦 = 𝑋 ⋅ 𝛽 + 𝜀
𝜀 = 𝑣 − 𝑢 + 𝑤
𝑢,𝑤 > 0,
𝑣~𝑁 0, 𝜎5.



*+#$

•D#!"#$%&R
•aUVWXY2cu]g%
•v#^_H./-wxyz

𝑦 = 𝑋 ⋅ 𝛽 + 𝜀
𝜀 = 𝑣 − 𝑢 + 𝑤
𝑢,𝑤 > 0,
𝑣~𝑁 0, 𝜎5.

𝐹 𝑋 𝑒5:;

𝐹 𝑋 𝑒578:;
𝐹 𝑋 𝑒5

𝐹 𝑋 𝑒578



*+#$

•D#!"#$%&R
•aUVWXY2cu]g%
•v#^_H./-wxyz
•*+jkR
•{|}~(Kumbhakar and Parmeter, 2009; Blanco 

2017; Fried and Tauer 2019)
•���ab (�����2011�Liu et al., 2019)
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•����D#!"#$%&R

•���Dz!"^_H𝑣<����./�

•v#^_H*��13�

𝑦𝑖 = 𝑥𝑖′𝛿 + 𝜀𝑖,
𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖 + 𝑤𝑖

	



345671,*+1289:

•����D#!"#$%&R

•v#^_H*��13�
•./01�R01v#^_H����./

𝑦𝑖 = 𝑥𝑖′𝛿 + 𝜀𝑖,
𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖 + 𝑤𝑖

	



•����D#!"#$%&R

•��Kumbhakar and Parmeter (2009)������
(2011)�01v#^_H����./R

𝑦𝑖 = 𝑥𝑖′𝛿 + 𝜀𝑖,
𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖 + 𝑤𝑖

	

𝑣𝑖 ∼ 𝑖. 𝑖. 𝑑. 	𝒩(0, 𝜎𝑣2),
𝑢𝑖 ∼ 𝑖. 𝑖. 𝑑. 	𝐸𝑥𝑝(𝜎𝑢),
𝑤𝑖 ∼ 𝑖. 𝑖. 𝑑. 	𝐸𝑥𝑝(𝜎𝑤)

	

345671,*+1289:



•�+cd ¡�¢£45

•¤¥3^_H2./¦�§�¨©ª'G«t¬�R

J� 𝑎< =
>?@

.>A@
− BC
>A

; 𝑏< =
BC
>?
− >?
>A

; 𝛼< =
BC
>F
+ >?@

.>F@
; 𝛽< = − BC

>?
+ >?
>F

𝑓(𝜀𝑖) =
𝑒𝛼𝑖

𝜎𝑢 + 𝜎𝑤
𝛷(𝛽𝑖) +

𝑒𝑎𝑖
𝜎𝑢 + 𝜎𝑤

0 𝜙
∞

−𝑏𝑖
(𝑧)𝑑𝑧

=
𝑒𝛼𝑖

𝜎𝑢 + 𝜎𝑤
𝛷(𝛽𝑖) +

𝑒𝑎𝑖
𝜎𝑢 + 𝜎𝑤

𝛷(𝑏𝑖)
	

345671,*+1289:



•�+cd ¡�¢£45

•¢®¨©ªcd ¡¬�R

J� 𝜃 = {𝛿, 𝜎5, 𝜎8, 𝜎;}�

ln	𝐿(𝑥; 𝜃) = −𝑛ln(𝜎𝑢 + 𝜎𝑤) +1 ln
𝑛

𝑖=1

[𝑒𝛼𝑖𝛷(𝛽𝑖) + 𝑒𝑎𝑖𝛷(𝑏𝑖)]	

345671,*+1289:



•�ocd ¡��¯°§�±²%&��

•a-wxv#^_H�³§�¢´µV¶R
•·aqr2Z[¸¹]

𝐸(𝑢𝑖|𝜀𝑖) =
1
𝜆
+
𝑒𝛼𝑖−𝑎𝑖𝜎𝑣[𝜙(−𝛽𝑖) + 𝛽𝑖𝛷(𝛽𝑖)]

𝜒1𝑖
,	

𝐸(𝑤𝑖|𝜀𝑖) =
1
𝜆
+
𝜎𝑣[𝜙(−𝑏𝑖) + 𝑏𝑖𝛷(𝑏𝑖)]

𝜒1𝑖
	

345671,*+1289:



•�ocd ¡��¯°§�±²%&��

•a-wxv#^_H�³§�¢´µV¶R
•a�qr2Z[¸¹]

𝐸(𝑒−𝑢𝑖 |𝜀𝑖) =
𝜆

1 + 𝜆
1
𝜒1𝑖

/𝛷(𝑏𝑖) + 𝑒𝛼𝑖−𝑎𝑖 ⋅ 𝑒
𝜎𝑣2
2 −𝜎𝑣𝛽𝑖𝛷(𝛽𝑖 − 𝜎𝑣)9	

𝐸(𝑒−𝑤𝑖|𝜀𝑖) =
𝜆

1 + 𝜆
1
𝜒2𝑖

0𝛷(𝛽𝑖) + 𝑒𝑎𝑖−𝛼𝑖 ⋅ 𝑒
𝜎𝑣2
2 −𝜎𝑣𝑏𝑖𝛷(𝑏𝑖 − 𝜎𝑣)9.	

345671,*+1289:



•�ocd ¡��¯°§�±²%&��

•a-wxv#^_H�³§�¢´µV¶R
•a�qr2Z[¸¹]

𝐸(𝑒𝑤𝑖𝑒−𝑢𝑖 |𝜀𝑖) = exp ,
𝜎𝑤2 + 𝜎𝑢2

𝑠2
1
𝜎𝑣2

2
+ 𝜀𝑖34 ×          

𝛷2 1
𝜀𝑖 + 𝜎𝑣2
𝜔1

, 0; 𝜌 = 𝜆1
?1 + 𝜆12

3 − 𝛷2 1
𝜀𝑖 + 𝜎𝑣2
𝜔2

, 0; 𝜌 = −𝜆2
?1 + 𝜆22

3

𝛷2 1
𝜀𝑖
𝜔1

, 0; 𝜌 = 𝜆1
?1 + 𝜆12

3 − 𝛷2 1
𝜀𝑖
𝜔2

, 0; 𝜌 = −𝜆2
?1 + 𝜆22

3

	

345671,*+1289:



•v#^_H2V¶

•¤a�{|2%&º�>?{|`𝐹 𝑋 𝑒578:;�J
𝐹 𝑥 = 𝑒LMN�

•»¼½¾¿ÀRO L P?7O L P?QFRA

O L P?RA
= 𝑒7; − 𝑒78

(Net gain on consumer surplus)

345671,*+1289:

𝐹 𝑋 𝑒5

𝐹 𝑋 𝑒578:;

𝐹 𝑋 𝑒578

𝐹 𝑋 𝑒5:;



•v#^_H2V¶

•¤a�{|2%&º�>?{|`𝐹 𝑋 𝑒578:;�J
𝐹 𝑥 = 𝑒LMN�

•»¼½¾¿ÀRO L P?7O L P?QFRA

O L P?RA
= 𝑒7; − 𝑒78

•{|ÁÂÃtR O L P?QFRA7O L P?

O L P?
= 𝑒;𝑒78 − 1

𝐹 𝑋 𝑒5

𝐹 𝑋 𝑒578:;

𝐹 𝑋 𝑒578

𝐹 𝑋 𝑒5:;

345671,*+1289:



•����D#!"#$%&R

•��Papadopoulos (2015)�³§�01v#^_H��
Ä��./R

𝑦𝑖 = 𝑥𝑖′𝛿 + 𝜀𝑖,
𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖 + 𝑤𝑖

	

𝑣𝑖 ∼ 𝑖. 𝑖. 𝑑. 	𝒩(0, 𝜎𝑣2),
𝑢𝑖 ∼ 𝑖. 𝑖. 𝑑. 	𝐻𝑁(𝜎𝑢2),
𝑤𝑖 ∼ 𝑖. 𝑖. 𝑑. 	𝐻𝑁(𝜎𝑤2)

	

345671,*+1289:



•¤Ä��2./01��cd ¡¬�ÅÆ*2Z[
\]ÇÈÉlÊXR

ln	𝐿(𝑥; 𝜃) = −𝑛ln(𝜎𝑢 + 𝜎𝑤) +1 ln
𝑛

𝑖=1

[𝑒𝛼𝑖𝛷(𝛽𝑖) + 𝑒𝑎𝑖𝛷(𝑏𝑖)]	

𝐸(𝑒−𝑢𝑖 |𝜀𝑖) =
𝜆

1 + 𝜆
1
𝜒1𝑖

/𝛷(𝑏𝑖) + 𝑒𝛼𝑖−𝑎𝑖 ⋅ 𝑒
𝜎𝑣2
2 −𝜎𝑣𝛽𝑖𝛷(𝛽𝑖 − 𝜎𝑣)9	

𝐸(𝑒−𝑤𝑖|𝜀𝑖) =
𝜆

1 + 𝜆
1
𝜒2𝑖

0𝛷(𝛽𝑖) + 𝑒𝑎𝑖−𝛼𝑖 ⋅ 𝑒
𝜎𝑣2
2 −𝜎𝑣𝑏𝑖𝛷(𝑏𝑖 − 𝜎𝑣)9	

345671,*+1289:
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•����D#!"#$%&R

•v#^_H*��13�
•./01�R01v#^_H����./
•789:�R6+789:ËÌ./01

𝑦𝑖 = 𝑥𝑖′𝛿 + 𝜀𝑖,
𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖 + 𝑤𝑖

	



•789:2ÍÎR
•v��./2ÏÐÑÒ�ÈÉlÊX

标准半正态分布

非标准半正态分布

;<=>?@,*+1289:

𝑦𝑖 = 𝑥𝑖′𝛿 + 𝜀𝑖,
𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖 + 𝑤𝑖

	



•789:2ÍÎR
•v��./2ÏÐÑÒ�ÈÉlÊX

标准正态分布

非标准正态分布

;<=>?@,*+1289:



•��Parmeter (2018)�gÓ��D#!"#$%&R

•a-v#^_HR

J�𝑔 ⋅ > 0�

𝑢(𝑧𝑢𝑖 ; 𝛿𝑢) = 𝑔𝑢(𝑧𝑢𝑖 ; 𝛿𝑢) ⋅ 𝑢𝑖∗,
𝑢(𝑧𝑤𝑖 ; 𝛿𝑤) = 𝑔𝑤(𝑧𝑤𝑖 ; 𝛿𝑤) ⋅ 𝑤𝑖∗

	

𝑦𝑖 = 𝑋𝑖 ⋅ 𝛿 − 𝑢(𝑧𝑢𝑖 ; 𝛿𝑢) + 𝑤(𝑧𝑤𝑖 ; 𝛿𝑤) + 𝑣𝑖 	

;<=>?@,*+1289:



•Ô𝑔 𝑧; 𝛿 = 𝑒WMNR

•aw#ÕÖ²\]R

𝐸[𝑦|𝑥, 𝑧𝑢 , 𝑧𝑤] = 𝑥′𝛽 − 𝐸(𝑒𝑧𝑢𝛿𝑢 𝑢𝑖∗) + 𝐸(𝑒𝑧𝑤𝛿𝑤𝑤𝑖∗)	

;<=>?@,*+1289:

!" = $"% − '()*)+"∗ + '(.*./"∗ + 0"	



•aw#ÕÖ²\]R

•×-𝑢<∗Å𝑤<∗)JKXYØÓ�ÙÚ§�Û²ªÜR

𝐸[𝑦|𝑥, 𝑧𝑢 , 𝑧𝑤] = 𝑥′𝛿 − 𝑒𝑧𝑢𝛿𝑢 𝐸(𝑢𝑖∗) + 𝑒𝑧𝑤𝛿𝑤𝐸(𝑤𝑖∗)	

𝐸[𝑦|𝑥, 𝑧𝑢 , 𝑧𝑤] = 𝑥′𝛿 − 𝐸(𝑒𝑧𝑢𝛿𝑢 𝑢𝑖∗) + 𝐸(𝑒𝑧𝑤𝛿𝑤𝑤𝑖∗)	

;<=>?@,*+1289:



•Ô𝜇8∗ = 𝐸 𝑢<∗ , 𝜇;∗ = 𝐸(𝑤<∗)R

•�+EN9cfÝÞ�¢£45

𝐸[𝑦|𝑥, 𝑧𝑢 , 𝑧𝑤] = 𝑥′𝛿 − 𝜇𝑢∗𝑒𝑧𝑢𝛿𝑢 + 𝜇𝑤∗ 𝑒𝑧𝑤𝛿𝑤 	

!𝛿#, 𝛿#𝑢 , 𝛿#𝑤 , �̂�𝑢∗ , �̂�𝑤∗ * = min
𝛿,𝛿𝑢 ,𝛿𝑤 ,𝜇𝑢∗ ,𝜇𝑤∗

𝑛−1/0𝑦𝑖 − 𝑥𝑖′𝛿 + 𝜇𝑢∗ 𝑒𝑧𝑢𝑖 𝛿𝑢 − 𝜇𝑤∗ 𝑒𝑧𝑤𝑖 𝛿𝑤 8
2

𝑛

𝑖=1

	

;<=>?@,*+1289:



•�+789:%&2TßàHR
•¤áâYãfÖ�ä�45]Áå
•æ�5çv#^_H2Z[¸¹
•èé¤êëìíPî*+

;<=>?@,*+1289:



•D#!"#$%&
•,-./0145%&
• ��./ (Kumbhakar and Parmeter, 2009; ����, 2011) 

• Ä��./ (Papadopoulos, 2015)

• .IïÃRä�V¶eyð.Iev#^_H.I

• 6+789:¢£.I
• y���Parmeter (2018)
• .IïÃRä�V¶eyð.I

AB



• sftt,-ñòóôõSFA2tieröÔ÷Ê®Ü
•¤øùún,ûüR
•ýþÿaPapadopoulos (2015)Ä��./%&2!"
•ýþÿaParmeter (2018)789:%&2!"
•Ê#ÿöÔ2�+y�
•ýþÿOwen’s T¬�25çöÔ

Stata命令介绍Csftt



•./01$��./
sftt y x

•./01$Ä��./
sftt y x, hnorm

•789:
sftt y x, scal

Stata命令介绍Csftt



•%3F*
sftt y x i.year, fe hnormal

•&'H
sftt y x, nocons

•!"��(
sftt y x, scal seed(8)

sftt y x, hnorm findseed

Stata命令介绍Csftt



•5çOwen’s T Function
owenst h a t

Stata命令介绍Cowenst



• Stata@ABC

Stata命令介绍Csftt



•öÔ2�)*+R
• ,-Ä��./Å789:2%&,-ãdáâY�.ù§n
æ�´/ìª01�

• Ä��2Ð�§nª3�x^_H45`0226�

Stata命令介绍Csftt
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