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2009

Tew & 

Barbieri, 2012

Liu, Li, & Zhao, 2023

Vail & Hultkrantz, 2000; 

Theodori, 2001

World Tourism Organization, 2020; Liu et al., 2023
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2006

Kiminami 

& Kiminami, 2016; Wardhana, Ihle, & Heijman, 2017

Cohen & 

Paul, 2005

Cui et al., 
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2022 Wang et al. 2023a

Wang et al. 2023b

Lu Li 2024 1,868
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spatial autocorrelation
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Moran’s I

spatial lag model, SLM spatial 

error model, SEM
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2.1  

Arroyo, Barbieri, & Rich, 2013

Ilbery Bowler Clark Crockett Shaw
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Agrotourism Ollenburg Buckley 2007 Farm tourism
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Amsden McEntee 2011 Agrileisure Leisure Agriculture

Amsden McEntee 2011

2007

2004 Choi & Sirakaya, 2006; Chong & Balasingam, 2019 Yen
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Parashar Bhardwaj Kumar 2014
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Sun Wang Liu 2023
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Culler 2022
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Khanal Honey Omobitan 2020
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Zhang Yang Chen 2021 320 National 

Key Villages for Rural Tourism, NKVRT NKVRT

NKVRT

Cui Li Zhang Jing 2021 20,778
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Tobler 1970
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Anselin, 2001

Al‐Momani Hussein Ahmed 2016

Mollalo Vahedi Rivera

2020 Covid-19

35 Covid-19

Sannigrahi Pilla Basu Basu Molter 2020

Covid-19 Dobis Stephens Skidmore Goetz
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Kholifia Rahardjo

Muksar Atikah Afifah 2021 38

Zhang Zhang Li 2023 Atmospheric environmental 

policy, AEP  

Balducci Ferrara 2018

Principal components analysis, 
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Degefu Argaw Feyisa Degefa 2021
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Nicholls Kim 2019
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3.1  

Anselin, 1988
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spatial 
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global spatial autocorrelation
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local spatial autocorrelation  

3.1.1  

weighted 

matrix n   

  (1)  

 (1) 

  

     

(2)  

  (2) 

       

     

3.1.2  

Moran 1950 Moran’s I Geary 1954

Geary C

Moran’s I Moran’s I

Moran’s I Moran’s I

(3)  
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  (3) 

n i

 j

 

Moran’s I -1 1 Moran’s I 1

Moran’s I 0

Moran’s I -1

Anselin, 

1988 Moran’s 

I

OLS  

3.1.3  

Moran’s I

Anselin 1995

Local indicators of spatial association, 

LISA Local Moran’s I Moran’s I (4)

 

  (4) 

Moran’s I Z

Z( ) 1

spatial cluster Z( ) 1
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spatial outlier Anselin, 1995  

LISA

High-High HH High-Low HL Low-High

LH Low-Low LL

HH LL

HL LH

Anselin, 1995 2006

Geoda Moran’s I LISA Cluster

 

3.2  

3.2.1 SLM  

(5)  

  (5) 

 

 

 

contiguity matrix   
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3.2.2 SEM  

(6)  

  (6) 
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3.3  

2010 2015 2020

368

2010 252

2015 239 2020 265

 

1

1

65

100 1 3 5
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1  

                       

      

 aglir  

 

busmr  
rbusy_un44 44  
rbusy_45-64 45-64  
rbusy_ab65 65  
rbuse_ill  
rbuse_ele  
rbuse_jun  
rbuse_sen  
rbuse_col  

 

rinc_20 20  
rinc_20-50 20 50  
rinc_50-100 50 100  
rinc_ab100 100  
tarea  
ral03/05 0.3/0.5  
ral031/051 0.3/0.5 1.0  
ral13 1.0 3.0  
ral35 3.0 5.0  
rwof  

 
 
 

pd  
finc  
cland  

 

rail  
nhw  
phw  
nor  
bnb  

2015 2020 4 2010 ral35  
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IV  

4.1  

368

2

65 rbusy_ab65 rbuse_ill

100 rinc_ab100  

4.2  

Goodchild, 1987  
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2  

2010  2015  2020  
252 239 265 

   
 
   

 
   

 
 

aglir 0.0045 0.0066  0.0050 0.0084  0.0065 0.0161  
busmr 0.7969 0.0663 -0.05 0.7857 0.0660 0.04 0.7802 0.0630 -0.09 
rbusy_un44 0.0916 0.0402 0.38 0.0620 0.0303 0.34 0.0541 0.0247 0.35 
rbusy_45-64 0.4860 0.0607 0.12 0.4951 0.0587 0.21 0.4603 0.0508 0.26 
rbusy_ab65 0.4224 0.0894 -0.25 0.4429 0.0812 -0.28 0.4855 0.0692 -0.31 
rbuse_ill 0.0976 0.0484 -0.22 0.0686 0.0418 -0.24 0.0457 0.0347 -0.25 
rbuse_ele 0.4209 0.0752 -0.06 0.3644 0.0820 -0.08 0.2956 0.0762 0.04 
rbuse_jun 0.2069 0.0482 0.27 0.2237 0.0468 0.26 0.2292 0.0495 0.07 
rbuse_sen 0.1964 0.0555 0.02 0.2441 0.0603 0.08 0.2980 0.0655 0.02 
rbuse_col 0.0783 0.0622 0.02 0.0992 0.0688 -0.01 0.1315 0.0653 0.01 
rinc_20 0.6777 0.1879 -0.23 0.6062 0.2161 -0.26 0.5987 0.2179 -0.18 
rinc_20-50 0.1990 0.0957 0.20 0.2181 0.0936 0.17 0.2166 0.0886 0.15 
rinc_50-100 0.0803 0.0709 0.22 0.1035 0.0822 0.28 0.1070 0.0837 0.20 
rinc_ab100 0.0430 0.0440 0.20 0.0722 0.0714 0.25 0.0777 0.0806 0.12 
tarea 0.1667 0.1163 -0.18 0.1543 0.1118 -0.19 0.1536 0.1143 -0.21 
ral03/05 0.3077 0.1533 -0.12 0.5423 0.1976 -0.26 0.5527 0.1952 -0.25 
ral031/051 0.4805 0.0943 -0.13 0.2588 0.0842 0.12 0.2449 0.0728 0.11 
ral13 0.1783 0.1092 0.19 0.1656 0.1084 0.29 0.1664 0.1110 0.27 
ral3/3-5 0.0334 0.0522 0.20 0.0206 0.0292 0.27 0.0220 0.0300 0.25 
ral5    0.0127 0.0251 0.12 0.0140 0.0267 0.13 
rwof 0.4459 0.0827 -0.20 0.4638 0.0828 -0.22 0.4786 0.0866 -0.24 
pd 2.1380 4.7684 -0.05 2.2835 4.6207 -0.04 2.4730 4.9717 -0.09 
finc 6.8818 1.6333 0.01 7.8318 1.7236 -0.03 6.0404 1.5580 -0.12 
cland 1.1764 1.9976 0.32 1.1316 1.9355 0.28 1.0956 1.9506 0.31 
rail 0.0600 0.0965 -0.05 0.0635 0.0978 -0.07 0.0393 0.0611 -0.02 
nhw 0.1362 0.1863 -0.19 0.1405 0.1889 -0.18 0.1275 0.1760 -0.17 
phw 0.3181 0.2551 -0.01 0.3254 0.2604 -0.07 0.3070 0.2314 -0.12 
nor 2.5376 1.2229 -0.15 2.5633 1.2236 -0.15 2.5278 1.1736 -0.14 
bnb 1.1603 2.0294 0.21 2.1339 4.7872 0.11 3.1781 7.8358 0.02 



114 6 31 1                        98

4.2.1

1

1(A) 2010

1 (B) 2015

2010

1(C) 2020

(A) 2010           (B) 2015            (C) 2020

1

4.2.2

Moran’s I 2 (A)

2010 Moran’s I 0.366 p 0.01 2 (B)
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2015 Moran’s I 0.383 2 (C) 2020

Moran’s I 0.323 Moran’s I

0 999

Moran’s I

 

  

 

 

 

 

 

 

 

(A) 2010                         (B) 2015  

 

 

 

 

 

 

 

  (C) 2020  

2 Moran’s I  
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4.2.3  

Local Moran’s I

GeoDa LISA 

cluster

3(A) 2010 LISA cluster HH

30

LL

85

HL 2010

LH

HH

4(A) 2010

14 p-value 0.001

HH LL

p-value

0.01 0.05  
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3 (B) 2015 LISA cluster HH

22 LL

70

HL 2015

LH HH

HH LISA

4 (B) 2015 14

p-value 0.001 HH

LL

p-value

0.01 0.05  

3 (C) 2020 LISA cluster HH

14 LL

83 LH

HH

4 (C) 2020
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16 p-value 0.001 HH

LL

p-value 0.01 0.05

(A) 2010              (B)2015              (C) 2020

3

(A) 2010              (B) 2015            (C) 2020

4
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4.3  

4.3.1 2010  

3 2010

0.3455 Moran

SLM 0.2514 1%

SEM 0.2616

1%

Schwarz criterion SC Akaike info criterion AIC

OLS  

44

1% 44

Barbieri Mshenga 2008 Lucha et al. 2016

McGehee Kim 2004
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Ahearn Yee Korb 2005

SLM SEM

 

Lucha et al. 2016 Van Sandt Low Thilmany 2018

SEM
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Lucha et al. 2016

 

4.3.2 2015  

4 2015

0.3135 SLM 0.4813 1%

SEM 0.5391 1%

OLS

20

OLS 20 50 OLS SEM

2010

0.5 0.5 1 1

3 3 5
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Joo Khanal Mishra 2013

Arru Furesi Madau Pulina 2021

Jensen Lindborg

English Menard 2006 Lucha et al. 2016

2010  

4.3.3 2020  

5 2020

0.3335 SLM 0.4279 1%

SEM 0.5709 1%

SEM

Joo et al. 2013 Schmidt Tian

Goetz Hollas Chase 2023

44

2010

2020 Lucha et al.

2016 Togaymurodov Roman Prus 2023
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2010 2015 1

3 OLS

OLS SLM

2010

Joo et al. 2013

Amanor-Boadu 2013

Jensen et al. 2006

71%
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3 2010  

252 OLS  SLM  SEM  
          

CONSTANT 0.0072 0.0195 0.0086 0.0181 0.0095 0.0194 
busmr 0.0108 0.0071 0.0088 0.0065 0.0092 0.0072 
rbusy_un44 0.0494*** 0.0179 0.0431*** 0.0166 0.0470*** 0.0168 
rbusy_4564 -0.0167 0.0093 -0.0099 0.0086 -0.0073 0.0094 
rbuse_ele 0.0293** 0.0116 0.0233** 0.0107 0.0240** 0.0116 
rbuse_jun 0.0211 0.0166 0.0126 0.0155 0.0164 0.0169 
rbuse_sen 0.0091 0.0121 0.0077 0.0112 0.0071 0.0121 
rbuse_col 0.0628*** 0.0192 0.0485*** 0.0180 0.0519*** 0.0189 
rinc_20 -0.0119 0.0150 -0.0115 0.0139 -0.0136 0.0144 
rinc_20-50 -0.0064 0.0145 -0.0072 0.0134 -0.0086 0.0138 
rinc_50-100 -0.0143 0.0249 -0.0157 0.0231 -0.0203 0.0236 
tarea -0.0139** 0.0060 -0.0114** 0.0055 -0.0111* 0.0058 
ral03 -0.0116 0.0117 -0.0102 0.0109 -0.0097 0.0111 
ral031 -0.0130 0.0102 -0.0106 0.0095 -0.0103 0.0098 
ral13 -0.0177 0.0160 -0.0171 0.0148 -0.0173 0.0150 
rwof -0.0108 0.0072 -0.0116* 0.0066 -0.0137** 0.0069 
pd -0.0004*** 0.0002 -0.0004*** 0.0001 -0.0004*** 0.0002 
finc -0.0008 0.0039 -0.0002 0.0036 -0.0003 0.0038 
cland 0.0004* 0.0003 0.0004 0.0002 0.0004* 0.0002 
rail -0.1000** 0.0432 -0.0901** 0.0400 -0.0832** 0.0412 
nhw -0.0228 0.0228 -0.0183 0.0211 -0.0194 0.0217 
phw -0.0008 0.0171 -0.0007 0.0158 -0.0013 0.0162 
nor 0.0021 0.0051 0.0015 0.0047 0.0001 0.0050 
bnb 0.0007*** 0.0002 0.0006*** 0.0002 0.0007*** 0.0002 
Pho 0.2514*** 0.0738 
LAMBDA 0.2616*** 0.0797 
R-squared 0.3455  0.3807  0.3739  
Adjusted R-squared 0.2795  
F-statistic 5.2338*** 0.0000   
BP 154.8701*** 0.0000 164.1283*** 0.0000 157.3928*** 0.0000 
LIK 963.6090  968.5890  967.0441  
AIC -1,879.2200  -1,887.1800  -1,886.0900  
SC -1,794.5100  -1,798.9400  -1,801.3800  
S.E. 0.0056  0.0051  0.0052  
Moran’s I (error) 3.0845*** 0.0020 
LM (lag) 9.7396*** 0.0018 
Robust LM (lag) 6.5673** 0.0104 
LM (error) 5.0867** 0.0241 
Robust LM (error) 1.9145 0.1665 
LM (SARMA) 11.6541*** 0.0029 
Likelihood-Ratio (lag) 9.9602 0.0016 
Likelihood-Ratio (error) 6.8695 0.0087 

* ** *** 10% 5% 1%  
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4 2015  
239 OLS  SLM  SEM  

          
CONSTANT -0.0703 0.0429 -0.0668* 0.0362 -0.0740* 0.0386 
busmr 0.0110 0.0098 0.0060 0.0083 0.0044 0.0101 
rbusy_un44 0.0085 0.0270 0.0091 0.0228 0.0160 0.0231 
rbusy_4564 -0.0188 0.0126 -0.0104 0.0107 0.0003 0.0116 
rbuse_ele 0.0054 0.0146 -0.0058 0.0124 -0.0056 0.0137 
rbuse_jun 0.0466** 0.0198 0.0228 0.0168 0.0248 0.0193 
rbuse_sen 0.0229 0.0154 0.0122 0.0130 0.0117 0.0147 
rbuse_col 0.0207 0.0199 -0.0016 0.0168 -0.0035 0.0176 
rinc_20 -0.0254** 0.0147 -0.0204 0.0124 -0.0218 0.0133 
rinc_20-50 -0.0237** 0.0138 -0.0161 0.0117 -0.0222* 0.0128 
rinc_50-100 -0.0327 0.0290 -0.0305 0.0245 -0.0246 0.0255 
tarea -0.0308*** 0.0077 -0.0233*** 0.0065 -0.0205*** 0.0068 
ral05 0.0732 0.0449 0.0780** 0.0379 0.0828** 0.0367 
ral051 0.0794* 0.0467 0.0834** 0.0394 0.0890** 0.0381 
ral13 0.0871** 0.0432 0.0860** 0.0364 0.0906** 0.0353 
ral35 0.1569* 0.0924 0.1669** 0.0779 0.1888** 0.0742 
rwof 0.0055 0.0112 0.0029 0.0094 0.0049 0.0099 
pd -0.0002 0.0002 0.0000 0.0002 0.0000 0.0002 
finc 0.0030 0.0044 0.0024 0.0037 0.0024 0.0041 
cland 0.0004 0.0004 0.0002 0.0003 0.0001 0.0003 
rail -0.0336 0.0586 -0.0131 0.0494 0.0018 0.0501 
nhw -0.0143 0.0306 -0.0006 0.0258 0.0002 0.0263 
phw -0.0115 0.0229 -0.0128 0.0193 -0.0120 0.0195 
nor 0.0063 0.0064 0.0057 0.0054 0.0051 0.0056 
bnb 0.0002** 0.0001 0.0001 0.0001 0.0001 0.0001 
Pho 0.4813*** 0.0616 
LAMBDA 0.5391*** 0.0623 
R-squared 0.3135  0.4559  0.4610  
Adj R-squared 0.2365  
F-statistic 4.0719*** 0.0000 
BP 686.6619*** 0.0000 676.7564*** 0.0000 630.8576*** 0.0000 
LIK 849.6630  869.7220  868.5583  
AIC -1,649.3300  -1,687.4400  -1,687.1200  
SC -1,562.4200 -1,597.06 -1,600.2100 SC -1,562.4200 -1,597.06 
S.E. 0.0073 0.0062 0.0061 S.E. 0.0073 0.0062 
Moran’s I (error) 6.3547*** 0.0000 
LM(lag) 37.8093*** 0.0000 
Robust LM (lag) 9.3706*** 0.0022 
LM (error) 28.8909*** 0.0000 
Robust LM (error) 0.4522 0.5013 
LM (SARMA) 38.2615*** 0.0000 
Likelihood-Ratio (lag) 40.1162*** 0.0000 
Likelihood-Ratio (error) 37.7897*** 0.0000 

* ** *** 10% 5% 1%  
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5 2020  
265 OLS  SLM  SEM  

          
CONSTANT -0.1683** 0.0762 -0.1380** 0.0670 -0.0550 0.0749 
busmr 0.0200 0.0190 0.0103 0.0167 -0.0386* 0.0201 
rbusy_un44 0.1643*** 0.0587 0.1202** 0.0517 0.1059** 0.0506 
rbusy_4564 0.0072 0.0295 0.0301 0.0259 0.0652** 0.0263 
rbuse_ele 0.0727** 0.0363 0.0549* 0.0321 0.0674* 0.0365 
rbuse_jun 0.0313 0.0407 0.0080 0.0358 0.0052 0.0407 
rbuse_sen 0.0571* 0.0344 0.0364 0.0305 0.0484 0.0356 
rbuse_col 0.0912** 0.0397 0.0762** 0.0349 0.0726* 0.038 
rinc_20 0.0375 0.0234 0.0464** 0.0206 0.0611*** 0.0188 
rinc_20-50 0.0280 0.0210 0.0400** 0.0184 0.0620*** 0.0178 
rinc_50-100 0.0239 0.0481 0.0371 0.0422 0.0563 0.0380 
tarea -0.0471*** 0.0146 -0.0354** 0.0129 -0.0316** 0.0130 
ral05 0.0999 0.0755 0.0749 0.0663 -0.0013 0.0680 
ral051 0.0937 0.0780 0.0628 0.0685 -0.0136 0.0700 
ral13 0.1240** 0.0710 0.0990 0.0623 0.0361 0.0636 
ral35 0.1927 0.1587 0.1352 0.1394 0.0329 0.1354 
rwof -0.0606*** 0.0172 -0.0600*** 0.0152 -0.0768*** 0.0151 
pd -0.0005** 0.0002 -0.0005** 0.0002 -0.0003 0.0002 
finc -0.0169** 0.0085 -0.0152** 0.0074 -0.0122 0.0081 
cland 0.0005 0.0007 0.0001 0.0006 -0.0004 0.0006 
rail -0.0125 0.1653 -0.0503 0.1452 -0.0532 0.1467 
nhw -0.0216 0.0570 -0.0031 0.0501 0.0224 0.0490 
phw -0.1034** 0.0467 -0.0892** 0.041 -0.0629 0.0388 
nor 0.0225* 0.0133 0.0201* 0.0117 0.0167 0.0115 
bnb 0.0000 0.0001 0.0000 0.0001 0.0000 0.0001 
W_arlir 0.4279*** 0.0643 
LAMBDA 0.5709*** 0.0594 
R-squared 0.3335  0.4332  0.4881  
Adjusted R-squared 0.2669  
F-statistic 5.0037*** 0.0000 
BP 573.3954*** 0.0000 531.8587*** 0.0000 502.8722*** 0.0000 
LIK 771.7480  787.1130  793.7467  
AIC -1,493.5000  -1,522.2300  -1,537.4900  
SC -1,404.0000  -1,429.1500  -1,448.0000  
S.E. 0.0134  0.0121  0.0115  
Moran’s I (error) 6.4142*** 0.0000 
LM (lag) 29.1633*** 0.0000 
Robust LM (lag) 1.1453* 0.2846 
LM (error) 29.6535*** 0.0000 
Robust LM (error) 1.6354 0.2010 
LM (SARMA) 30.7987*** 0.0000 
Likelihood-Ratio (lag)  30.7290*** 0.0000 
Likelihood-Ratio (error)  43.9971*** 0.0000 

* ** *** 10% 5% 1%  
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4.4  

2010 44

2015

2020

0.5

2015  

2010 2020
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2010 2020
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2010 2020

 

V  

2010 2015 2020

Moran’s I Local Moran’s I

LISA
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44

20 20 50
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2015 2020

2010 2020

 

8 1

1
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Spatial panel data models with time fixed 

effects

Spatial autoregressive 

combined model

 
 
 
 

 

 

1 2010 0.3 0.3
0.5 2015 2020 0.5 2010 3

2015 2020 4  
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2002

3 59-84  

2006 1

1 59-76  

1999 31 13-17  

2022

12 1 55-84  

2022

28 1 39-65  

2019

12 1 93-123  

2011  

2006 4 39-

55  

2016 2016

 

2010

16 1 79-108  

2009

1 1 1-35  

2020

72 1-34  

2021 12

1 1-12  

2004

40-50  
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2007

6 2 33-44  

2022

111 1-41  

2008 2 2 1-10  

2009 26

1-18  

2020

14 1 13-20  

2016 14 1 25-37  
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Spatial Econometric Analysis of Leisure 

Farming Operations: A Case Study of 
Agricultural Census Households 

Lien-Feng Lin*, Yao-Jen Hsiao** 

This study explores the development of leisure agriculture and the 
changes in geographical space in Taiwan. The research data is based on the 
census data of agriculture, forestry, fishery, and animal husbandry in 2010, 
2015, and 2020. The research focuses on leisure farmers within the broader 
farming community, analyzing changes in agricultural management practices 
and spatial aggregation across different periods while also investigating the 
factors influencing the development of leisure agriculture. The study employs 
spatial autocorrelation analysis to determine whether leisure farmers in 
Taiwan exhibit spatial clustering and uses spatial econometric models to 
analyze the factors that affect their leisure farming operations. The empirical 
results reveal a significant spatial clustering effect for leisure farming in 
Taiwan. While not all variables in the spatial econometric models are 
statistically significant across the different years, key factors such as the age 
of the farm managers, education levels, the amount of arable land in 
townships, the type of work undertaken by farmers, population density, and 
the number of hotels in townships are identified as important influences on 
leisure farming operations. In addition to offering valuable insights for 
farmers and operators in the leisure agriculture sector, the findings also 
provide important references for agricultural policymakers in Taiwan when 
formulating strategies related to leisure farming. 
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