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2007 2005

WTO
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2021 2011
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2013

2019
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Global Financial Crisis GFC 2020

COVID-19
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Almost Ideal Demand System AIDS

3

4 5

1995 1 2022 8

1995 1

2022 8 9
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4 1995 2022

5 1995 2022
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6 1995 2022

98.8% 28

51.2% 24.3% 10.8% 12.6%

46.9% 20.0% 19.6% 12.4% 6

2.62 1.12

0.99 0.92

2002 WTO

WTO

GFC

2009 2010
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2012 2013 ANZTEC

2020 COVID-19

2020

2021 COVID-19

2020

 

United States Department of Agriculture, USDA

Agricultural Trade Promotion, ATP 2020

AIDS
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AIDS
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1 AIDS

 

Restricted 

Source Differentiated Almost Ideal Demand System, RSDAIDS

Capitello, 

Agnoli, & Begalli, 2015 Generalized 

System of Preferences GSP

GSP

7.3% 1.9%

1.9% 1.8% Muhammad, Amponsah, & 

Dennis, 2010

Honma, 1993 2021  
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g

Arancibia & Guiguet, 2020; Boonsaeng, Fletcher, 

& Carpio, 2008; Ramirez & Wolf, 2008; Satyanarayana, Wilson, & Johnson, 1999; 

Tey & Brindal, 2014; Widarjono, 2018  

Asche, 

Bjørndal, & Salvanes, 1998; Castro, Sarmiento, Alviola IV, & Digal, 2017; Dey 

et al., 2008; Yang & Koo, 1994

2002

AIDS

Rotterdam Demand System, RDS CBS

Central Bureau Statistics, CBS NBR National Bureau of 

Research demand model, NBR LA-AIDS Linear 
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Approximate Almost Ideal Demand System, LA-AIDS

2000 2002 2003

2003 2008 Yang & Koo, 1994; Surathkal, 

Dey, Engle, Chidmi, & Singh, 2017 Quagrainie

2003

Chidmi, Hanson, 

and Nguyen 2012

 

Baldwin 

& Jones, 2013; Nzaku, Houston, & Fonsah, 2010

Xu, 2016

5 12

Seemingly Unrelated Regression, SUR AIDS

Tshikala & Fonsah, 2012 Nzaku, Houston, and Fonsah 2012

AIDS

North American Free Trade Agreement

NAFTA Central America Free Trade Agreement, 

CAFTA NAFTA
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Sparks 1991; 

1994 United States Department of Agriculture

Andayani and Tilley 1997

Andayani 

& Tilley, 1997 1990 2000

Richards, Van Ispelen, & Kagan, 1997; Sparks, Seale 

Jr, & Buxton, 1990

Andayani & Tilley, 1997; Richards, Van Ispelen, & 

Kagan, 1997; Sparks, 1991, 1994; Sparks, Seale Jr, & Buxton, 1990

 

Muhammad, 2013; Singh, Dey, & Surathkal, 2014

Choke 

price Hsu, Chen, & Chang, 2023; Heng & House, 2018; Muhammad, 
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2013 Muhammad 2013

ROW

—

AIDS HS 08081000002

fresh apples ROW

GFC COVID-19

WTO ANZTEC

 

III  

3.1  

1995 1

2022 8 344

2

WTO
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GFC ANZTEC

ANZTEC

COVID-19

1995 1 2001 12 WTO 2002 1

WTO 2008 8 GFC 2008 9 GFC 2013 11

ANZTEC 2013 12 ANZTEC 2019 12

COVID-19 2020 1 COVID-19 2022 8

Deaton and Muellbauer

1980 AIDS
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3.2 AIDS  

Deaton and Muellbauer 1980
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3.3  

ROW
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Chow test Autoregressive 

Models, AR (11) (12)
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9

10 76 46

82 ROW 9
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3 5

80%

Muhammad, 2013

25% 40%

Muhammad 2013
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1.43 1.40 1.54
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ROW

 

3 1995 1 2022
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4.2 Choke price  

ROW

1

-0.821 -0.734 -0.747 -0.774 -0.585

-0.861 -0.840 -0.876 -0.845 -0.502

 

4.3  

4.3.1 Chow Chow test  

1995 1 2022 8 2002

1 WTO 2008 9 GFC 2013 12 NZTEC 2020

1 COVID-19 Chow test

4 GFC

WTO GFC ANZTEC

COVID-19



25 

Chow test COVID-19

WTO GFC ANZTEC

300

 

4 — Chow test  

F  
 WTO  GFC  ANZTEC   COVID-19 

  2.85*** 1.24 3.42*** 1.33 
  2.70*** 3.14*** 4.45*** 0.84 
  7.70*** 2.20** 2.96*** 1.59 

  2.13** 2.34*** 2.31*** 2.58*** 
ROW   1.64* 1.70* 2.17** 1.47 

* 0.10 ** 0.05 *** 0.01  

4.3.2 ADF  

Burton and Young 1996 AIDS

Augmented Dickey-Fuller

ADF

Choke price

COVID-19

Asche, 1997; Musolesi, 2011; Tefera, 

Desta, Rashid, & Kayitakire, 2018

AIDS
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5 WTO

WTO GFC ANZTEC 1995 1 2022

8

AIDS COVID-19

Chow test COVID-19

COVID-19  

5 ADF  

  

  1995.1  
2022.8 

 WTO   WTO   GFC  ANZTEC
 

 COVID-19
 

ln   -13.377 ***  -6.106 ***  -6.717 ***  -5.717 *** -6.446 ***  -4.529 *** 

ln   -11.851 ***  -6.109 ***  -5.285 ***  -4.834 *** -6.500 ***  -2.816  

ln   -11.567 ***  -5.684 ***  -5.227 ***  -5.280 *** -5.657 ***  -3.693 ** 

ln   -11.614 ***  -5.324 ***  -5.274 ***  -5.921 *** -5.418 ***  -3.523 ** 

ln ROW   -14.699 ***  -7.123 ***  -7.781 ***  -6.071 *** -8.328 ***  -3.422 ** 

  -13.908 ***  -6.488 ***  -9.525 ***  -5.374 *** -5.776 ***  -3.082  
  -11.268 ***  -6.604 ***  -5.813 ***  -4.673 *** -4.836 ***  -2.599  

  -13.266 ***  -8.464 ***  -8.394 ***  -5.631 *** -5.280 ***  -2.223  
  -11.955 ***  -6.405 ***  -6.949 ***  -5.539 *** -4.865 ***  -2.554  

ROW   -15.225 ***  -8.332 ***  -7.081 ***  -6.237 *** -8.750 ***  -3.756 ** 

  -17.283 ***  -7.271 ***  -8.191 ***  -.7398 *** -8.652 ***  -5.151 *** 

* 0.10 ** 0.05 *** 0.01  

4.3.3 1995 1 2022 8  

6 1995 1 2022 8 3

6

0

1
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-0.8371 -0.9675 ROW

1.4073

ROW

6

0.0573 0.0438

1.1371 1.1561

0

6 1995 1 2022 8

0.0573

0.0438 ROW

0.3823 0.0499

0.4 0.1

6

1 1%

1.0900% 1.1371% 1.1561%
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6 1995 1 2022 8  

 
    ROW

 

 -0.6571 -0.0385 -0.0082 0.0126 -0.0216 1.0900*** 

 -0.0734 -0.8371* -0.0403 0.0438** 0.0191 1.1371*** 

 -0.0036 -0.0079 -0.7168** -0.0255 0.0499*** 1.0349 

 0.0031 0.0573** -0.0961 -0.9675** 0.0153 1.1561*** 

ROW  
 -0.1252 0.1334 0.3823*** 0.0841 -1.4073** 0.9810 

* 0.10 ** 0.05 *** 0.01  

4.3.4  

7 1995 1 2001 12 WTO

2002 1 WTO 2008 8 GFC 2008 9

GFC 2013 11 ANZTEC 2013 12 ANZTEC

2019 12 COVID-19

7

4 7  

7

WTO ROW

-0.8008 -1.1568 -0.7160 -1.4977 -1.9689

1

ROW

1 WTO GFC

1%

1%

GFC 1
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-1.1568 -0.9962

ROW WTO

-1.3249 WTO

-1.4977 GFC -1.2587 ANZTEC

-0.8477 ROW ANZTEC

-1.3597 -3.5508

WTO GFC

-1.4977 -1.2587

0.7 0.8

ANZTEC ROW

ANZTEC

ROW

ROW

 

7

ROW

WTO

0.3199 0.4398 ANZTEC ROW

0.1116 1.3445

WTO -0.1706 7
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ANZTEC WTO

-0.3336 -0.6187 WTO

-0.0102 -0.0560

ANZTEC ANZTEC

-0.0300 -0.0679 ANZTEC

-0.0965 -0.4639 ANZTEC

ROW ANZTEC

ROW

ANZTEC ROW

-0.4639

0.9669

1.3445 1.2210 WTO

-0.1706 0.0508

WTO 2002

 

7 WTO

2.4131

WTO 1.8904

GFC 1.2443 ANZTEC

0.8006 1

7  



31 

7  

  
    ROW

  

 
 

WTO  -0.2027*** -0.1706** -0.0465 0.0185 -0.0336 1.2305*** 

WTO  -0.8008* 0.0163 -0.0102** -0.0159 -0.0597 1.2411*** 

GFC  -0.7203 -0.0213 0.0032 0.0459 -0.0186 1.0040 

ANZTEC  -0.8319 0.0399 0.1330 0.1442 -0.0965* 0.6921** 

 
 

WTO  0.0508*** -1.3249** -0.1758 -0.3336* -0.0797 2.1287*** 

WTO  -0.3869* -1.1568** -0.3124 0.3199*** 0.1396** 1.6527*** 

GFC  -0.0857 -0.9962** 0.0055* 0.0426 0.0920*** 1.2443** 

ANZTEC  0.0532 -0.8477** 0.0980 0.0272 0.1071*** 0.7161*** 

 
 

WTO  -0.1024 -0.2181 -0.7273 -0.0434 0.0652 1.2220 

WTO  -0.0560** -0.0914 -0.7160** -0.0208 0.0619** 1.2455*** 

GFC  0.0845 0.0886* -0.8138** 0.0099 0.0441 0.9153 

ANZTEC  0.0539 0.0351 -0.7395 -0.0300* 0.1116*** 0.8006*** 

 

WTO  -0.5973 -0.6187* -0.9527 -0.8419 0.0000 2.4131*** 

WTO  -0.2395 0.4398*** -0.2476 -1.4977** -0.0531 1.8904*** 

GFC  0.0267 0.0719 -0.1137 -1.2587* -0.0098 1.4136 

ANZTEC  0.1323 0.0540 -0.0679* -0.9463 0.2004*** 0.6541*** 

ROW 

 

WTO  -0.1787 -0.0262 0.1529 0.1083 -0.9053 0.8990 

WTO  -0.1746 0.8160** 1.1143** 0.0255 -1.9689** 0.1940* 

GFC  0.1062 0.4854*** 0.3130 0.0810 -1.3597** 0.4061* 

ANZTEC  -0.4639* 0.9669*** 1.3445*** 1.2210*** -3.5508*** 0.4491 

GFC

GFC 1

1

 

V  

Muhammad 2013

Muhammad 2013
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ROW

8

0 1

1.0900 0.792 0.298 —

1 -1.002

-0.9675

2.461

2020 Free Trade Agreement, 

FTA Muhammad 2013
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VI  

ROW

WTO

ROW

ANZTEC

ANZTEC
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2000

68 1-25  

2003

73 165-197  

2007 12 2

189-220  

2005 WTO

17 4 823-852  

2021 27 1

1-43  

2018 104

229-258  

2011 WTO

15 1 41-58  

2002 8 1 75-105  

2003 30 63-

87  

2021

27 2 1-33  

2008

20 4 553-578  

2008 NEP

84 121-158  

2005 10 2

125-162  
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1  

 ROW 
 

 -0.821 -0.734 -0.747 -0.774 -0.585 

  -0.861 -0.840 -0.876 -0.845 -0.502 

  -0.861 -0.839 -0.874 -0.843 -0.501 

  -0.861 -0.839 -0.874 -0.843 -0.501 

2  

   
Homogeneity    

Symmetry  

1995 2022   4.72  8.40 

WTO   8.22*  7.35 

WTO   0.70  13.97** 

GFC   4.65  13.95** 

ANZTEC   1.35  6.46 

COVID-19  7.43  15.03 
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3 1995 1 2022 8 AIDS  

ROW 

 

  
 

* 0.10 ** 0.05 *** 0.01  

ln  i1
*  0.0248*** 0.00986** -0.0227*** -0.00937* -0.00252 

ln  i2
*  0.00986** 0.0148** -0.00402 -0.0132*** -0.00747** 

ln  i3
*  -0.0227*** -0.00402 0.0346*** 0.00466 -0.0125*** 

ln  i4
*  -0.00937* -0.0132*** 0.00466 0.0237*** -0.00577* 

ln ROW  i5
*  -0.00252 -0.00747** -0.0125*** -0.00577* 0.0283*** 

ln  i
*  -0.0409*** -0.0291** 0.012 -0.0108 0.0108* 

i
*  0.264*** 0.243*** 0.254*** 0.239*** -0.00898 

  
 

* 0.10 ** 0.05 *** 0.01  

lag_ln  i1  -0.00576 -0.00576 0.00815 0.00996 -0.00622 

lag_ln  i2  -0.00613 -0.0178* 0.00161 0.0159** 0.00607 

lag_ln  i3  0.00815 0.00161 -0.0207** -0.00675 0.0177*** 

lag_ln  i4  0.00996 0.0159** -0.00675 -0.0229*** 0.00381 

lag_ln ROW  i5  -0.00622 0.00607 0.0177*** 0.00381 -0.0214*** 

lag_ln  i  0.0323*** 0.0326*** 0.012 0.0263*** -0.00089 

i  0.243*** 0.244*** 0.265*** 0.248*** -0.0447*** 

i  0.8933 0.8956 0.8710 0.8878 0.6806 

N  332 332 332 332 332 
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4 WTO AIDS 1995.1~2001.12  

 
  

   
 
 

ROW 

 

   
 

* 0.10 ** 0.05 *** 0.01  

ln  i1
*  -0.0338 0.005 0.0825 0.00434 -0.0408 

ln  i2
*  -0.0221 0.0119 -0.0137 0.00103 0.016 

ln  i3
*  0.00922 0.0041 -0.0392 0.000656 0.00718 

ln  i4
*  0.0486 -0.0206 -0.0194 -0.00492 0.00651 

ln ROW  i5
*  -0.00201 -0.00034 -0.0102 -0.0011 0.0111 

ln  i
*  -0.0491* -0.0106 0.0690*** -0.00145 0.0106 

 i
*  0.00444 -5.2E-05 0.000695 -8.5E-05 -0.00475 

   
 

* 0.10 ** 0.05 *** 0.01  

lag_ln  i1  -0.043 -0.00163 0.0517 -0.00702 0.0268 

lag_ln  i2  0.000721 -0.0129 0.0332 -0.00444 -0.00223 

lag_ln  i3  0.00114 -0.00325 0.00564 -0.00197 0.00137 

lag_ln  i4  -0.0632 0.00291 0.0629 0.00383 0.0111 

lag_ln ROW  i5  -0.00996 -0.00101 0.024 0.00169 -0.00877 

lag_ln  i  0.0557 0.0111 -0.0901** 0.00222 -0.0067 

 i  0.0653 0.0177 -0.103* 0.00292 -0.0116 

 i  0.8893 0.8964 0.7986 0.9483 0.8953 

 N  84 84 84 84 84 
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5 WTO AIDS 2002.1~2008.8  

  
 

   
 
 

ROW 

 

   
 

* 0.10 ** 0.05 *** 0.01  

ln  i1
*  0.0510** -0.00416 -0.0342* -0.0064 -0.00979* 

ln  i2
*  -0.00703 0.0419** 0.0179 -0.0522*** -0.00363 

ln  i3
*  -0.0586*** -0.00106 0.0542*** 0.00415 -0.00661 

ln  i4
*  0.00414 -0.0203 -0.0247 0.0505*** -0.0079 

ln ROW  i5
*  0.0105 -0.0164 -0.0132 0.00393 0.0279*** 

ln  i
*  0.00126 -0.00921 0.01 -0.00762 0.0192*** 

 i
*  -0.00854 0.00933 -0.00224 0.00152 -0.00027 

   
 

* 0.10 ** 0.05 *** 0.01  

lag_ln  i1  -0.0739** -0.00427 0.0493 0.0116 0.00772 

lag_ln  i2  0.0283 -0.0533** -0.0272 0.0469* 0.00852 

lag_ln  i3  0.0691** -0.00389 -0.0467* -0.00305 0.000454 

lag_ln  i4  0.00015 0.0482* 0.0165 -0.0684** 0.00434 

lag_ln ROW  i5  -0.00811 0.0169 0.0131 -0.00963 -0.0192** 

lag_ln  i  -0.00248 0.00391 -0.0108 0.0169 -0.0112 

 i  -0.0818 0.0276 0.0386 0.0137 -0.0195 

 i  0.8010 0.8369 0.8554 0.8237 0.7187 

 N  80 80 80 80 80 
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6 GFC AIDS 2008.9~2013.11  

  
 

   
 
 

ROW 

 

   
 

* 0.10 ** 0.05 *** 0.01  

ln  i1
*  0.0211 0.019 -0.0311* -0.00111 -0.0234* 

ln  i2
*  7.57E-05 0.0227 0.00731 -0.0171 -0.0282* 

ln  i3
*  -0.00807 -0.0217 0.0448*** -0.00773 -0.014 

ln  i4
*  -0.0118 -0.00432 -0.0109 0.0304 0.0134 

ln ROW  i5
*  -0.00131 -0.0158 -0.0102 -0.00438 0.0521*** 

ln  i
*  0.0178 -0.0468 0.0315 -0.0303 0.0791*** 

 i
*  0.0129 -0.0189 0.0141 0.00898 -0.0154 

   
 

* 0.10 ** 0.05 *** 0.01  

lag_ln  i1  -0.0451* 2.96E-05 0.0215 0.0181 0.0018 

lag_ln  i2  0.00934 -0.0564* 0.00442 0.00725 0.0549* 

lag_ln  i3  0.0116 0.0279 -0.0372* 0.00514 5.37E-05 

lag_ln  i4  -0.0031 0.0248 -0.00776 -0.0131 -0.0172 

lag_ln ROW  i5  -0.00095 0.021 0.0085 0.00506 -0.0524*** 

lag_ln  i  -0.0122 0.0447 -0.0321 0.0215 -0.0379 

 i  0.0179 -0.0403 0.0381 -0.00079 -0.0134 

 i  0.8421 0.8465 0.8229 0.7995 0.6466 

 N  56 56 56 56 56 
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7 ANZTEC AIDS 2013.12~2019.12  

ROW 

 

   
 

* 0.10 ** 0.05 *** 0.01  

ln  i1
*  -0.0022 0.00432 -0.00549 0.00635 0.000445 

ln  i2
*  0.00279 0.0143 -0.00542 -0.00531 -0.0151* 

ln  i3
*  -0.00024 -0.00495 0.00724 0.00293 -0.015 

ln  i4
*  -0.00149 -0.0005 0.00929 0.00566 -0.0149 

ln ROW  i5
*  0.00115 -0.0132 -0.00563 -0.00963 0.0445*** 

ln  i
*  -0.00657 -0.00108 0.00114 -0.00713 0.0264*** 

 i
*  0.0108 -0.00698 0.00715 -0.00254 -0.00581 

   
 

* 0.10 ** 0.05 *** 0.01  

lag_ln  i1  0.00346 -0.00643 0.00815 -0.00922 -0.00232 

lag_ln  i2  -0.0029 -0.0184 0.00384 0.00512 0.0231*** 

lag_ln  i3  -0.00178 0.00687 -0.00912 0.002 0.0185 

lag_ln  i4  0.0039 0.00808 -0.0169 -0.0155 0.035 

lag_ln ROW  i5  -0.00145 0.016 0.00272 0.0149 -0.0478*** 

lag_ln  i  0.00653 -0.00081 0.00148 0.00356 -0.0264** 

 i  0.00848 -0.0128 0.0237 -0.00337 -0.0363 

 i  0.9427 0.9325 0.9442 0.9097 0.7631 

 N  77 77 77 77 77 

8 Muhammad (2013)  

  

  
 

(Muhammad, 2013)  
  

(Muhammad, 2013) 

 -0.6571  -0.099  -0.9675**  -1.002** 

 1.0900***  0.792**  1.1561***  2.461** 
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Modeling Import Demand
for Apple in Taiwan*

Yu-Hui Wang**, Chih-Fan Chiang***,
Tsung-Chi Chen****, Kuo-I Chang*****

Apple is a crucial agricultural import in Taiwan. This study applied a
dynamic AIDS model to estimate the demand elasticity of apple imports from 
the USA, Chile, Japan, and New Zealand after three events. (i.e., the WTO 
members of Taiwan, the GFC, the NZTEC, and the COVID-19 pandemic). 
The results show nearly no structural change in elasticity for Japanese 
apples and USA apples. In the long run, the unit price of Japanese apples is 
relatively high, and the share of the USA is the largest. In addition, there is a 
complementary relationship between the USA and other apple importers. In 
general, the price elasticity of the USA, Chile, and Japan is consistent with 
the rule of lower price sensitivity of agricultural products. However, the price 
elasticity of imported apples gradually decreased, especially those from 
Chile. In addition, regional trade agreements (i.e., the WTO membership of 
Taiwan and the ANZTEC) are more likely to cause structural changes. The 
complementary relationship between apple importers is likely found later.

Keywords: Fresh Apple Import, AIDS, Choke Price, Structural Change
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