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ʷʷ ʷʷ

1: ӯˠ῟ ˬ ῠ ὑ˭Ϫ ⌂זּ ʻl

ʷʷ

ְỏϪ ʻ

ӿ ʺӿ ᾇϪ ʺ ◓Ỷ ḥ Ӯ ʻˬ 20

˗ 24 ῠ ὰ ʼ◓Ỷ ὑ˭ ʺ ᴌᾇ ‴ὑ ︣ ˠ ˡ

1.43 ʺ ᴌ◓ ₮ 1.24, ᴌᾇẄ ◓ 1.56, ᴌᾇ

◓ 1.71 ʻ

ᾄẓ ʺ ᾇ ↕ ӻḥ ₭Ϫ ʺ ˏ ӻ

ְỏ Ϫ♫ ʻἅ ʺ ὑỗˬ

 כ ₮˭ Ὀ⅝ήϪ תּʺ Ὀ⅝ ễʼ ḓẻ ԋϪ

ᵓṏ Ϫ  ʼ ʺ ԋ Ө ְỏ ʺ

ְỏ Ϫ Ẏ ʻ

ʺ◓Ỷ ḥ Ӯ ʺᴤ ᾠ ↕ ‚ ӟ Ϫ‚

ʻ ʺ ӟϪ↕ ʺ ᴤ ẽ ʻ

ԋ Ϫ‚ ʺ ʼᾢ Ϫ ʺ

Ϫ ὑ ὑ Ϫ ʻ Ϫ ‴ʺ ϫ ᾢ

῎ Ḡ ᾢ ʼ ӻ ᵳ ᴝ ʺ◓Ỷ Ϫ Ϫ‚

ʻ ʺ ‚ ὑ ắ ˬ  כ ₮˭

ʺᶄ ẞ ╡ ◓ή ⸗ ʻӿ ʺ

Ϫ ὑ ὑ e-Stat Ϫ Ὶᵩ ʺ◓Ỷ Ὶ
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ὑ ʺ Ϫ ‴ ↕ ‚ ӟ ᴤ ʻ

ʺ ἷ Ὶᵩ ʻ תּʺ Ὀ⅝

ễϪ⸗ ʺ◓Ỷ ὑ ὑ ϫ ∑ ʻ ‚ᾄẓ ◗

תּʺ Ὀ⅝ ễʺ ‚ ẽ ְỏ –

ʺ ԋϪ תּ Ὀ⅝ ễ Ϫὥ ʻὩ

ᴬ ʺ ὑ ὑ Ϫ ʺ

ӻ ԋϪ ₇ ʻ

ʺ ᾄẓ ˬ  כ ₮˭ Ὀ⅝ήϪ ʺὈ⅝

ή תּ Ϫ ʺ Ὡᴬ ӻ Ϫ⸗ ὑ Ϫ ‴

ʺ ӻ₭ Ϫ♫ ʻˬ  כ ₮˭ ʺᶄ ᾇ ◓Ỷ Ϫ

ӻ Ỷ Ὀ⅝ή ʺ Ὀ⅝ή ὑ ϪῚ ʻ ʺˬ

21  כ ₮˭ ꜝⱨ ᾇ ◓ Ϫ A E ᾽ Ὀ⅝ή ʺꜝⱨ

ᾇὈ⅝ή A ꜝⱨ ◓Ϫḭ ╘ ʺꜝⱨ ᾇὈ⅝ή B ╘ ʺꜝⱨ ᾇὈ⅝ή C

Ἅ ʺ ꜝⱨ ᾇὈ⅝ή D Ἅ ʺ ꜝⱨ ᾇὈ⅝ή E Ϫ ʺ

◓ ᶄὈ⅝ή ḭ ʻᶄ ᾇὈ⅝ή ʺˬ 21 

כ ₮˭ ₮ὩᴬϪ╣ ʻ ʺ Ὀ⅝ή ʺ ₮ ◓

Ỷ ḭ *1 ʻ

ˬ  כ ₮˭ ὑ ʺ פֿ ʼ ḥ Ὀ

⅝ή Ὶ ʻ ӹ (2015) ӹ (2016) ʺ ʺ פֿ

ḥ Ɑ Ϫ Ϫ⸗ ʻ ϪὈ⅝ή פֿ ʼ

ḥ ᴀ ʺ ϪὈ⅝ή

ʻ ʺὈ⅝ή ◓Ỷ ᾇ ↕ ӻỶ ʺὈ⅝ήϪ

ʺ ᾇϪ ‴ ↕ ӻ₭Ϫ ᴤ ʻӝ

ᶄὈ⅝ή תּ Ὀ⅝ ễ ʺ ḓẻʼểӼ ӻ Ϫ⸗ ᶄ ὑ

Ϫ ʺ ӻ₭ ԋϪ ʻ

ᾄẓ ʺ ʺ ԋϪ ʺ ʺὈ⅝ή תּ ʼ

Ϫ ʻ ῄʺ ԋϪ ᵓṏ Ϫ  ʼ ʺ ӻ

ḧ Ϫ ⸗ ʻ

2

Ὀ⅝ήϪ ӻ ԋ Ϫ‚ ʺ

Ϫ‚ ʻ ‚ ʺ ˏ ԋ ְỏϪ ʻ ԋ ḧ ἂ

*1 ˬ 21  כ ₮˭ ʺ 21 1Ὤ 1 Ɑ ◓Ỷʺ ʺ 998 219 ₮
ʻ
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ᾄẓ Becker (1960) ʺ Ẅ ∙ ὅϪ◑ắ ʼה Ϫ

ʺ ᴣ ◑ắ ְỏϪ Ϫ⸗ ʻ ʺὈ⅝

פֿ ʻAdserà (2004) OECD 23  ḿ

◓ ḧ Ϫ ʺ flỖ ӕ ▬ἶ ᴜ Ṃ

Ϫ⸗ ʻ Ϫ ḧ ᾄẓ ʺӞ ʼ

(2004) ʺ ᾄẓϪ ΅ ʻ ʺ ӻ ԋϪ

‚ᾄẓ ∑ ʺ ῠ (2007) ʺ ‚ ԋ ‚ᾄẓϪ ₮ ʺ

ʼ ḓẻʼ ỞⱭḥ ᴨⱥӼⱨ╣ᴣʼᴨ └ ◑Ӽ ḓẻʼ

ὀṑ ῡ ‚ ְỏ ʺ Ϫ‚ ʻ

ᾄẓ ʺ ῠ (2007) Ϫ╣– Ϫ ʻ

Ϫ⸗ תּʺ ễʼ ₐ ʼ ₐ ʼ ᶖ ᶖ ʼᶖ ʼẴ ễϪ–

ʻּת ễ ʺἅ ʺ פֿ 40⅜ ở Theil◗

ʼ פֿ 40⅜ 300 ב ᶢ‴Ϫ ʻ Ὀ⅝ή

Ὶ ʺῄ GMM Ὀ⅝ή Ϫ ʻ ₐ ʼ ₐ ʼ

ᶖ ᶖ ʺ Ϫ▬ ʻᶖ Ϫ ʺ Ỗּז ʼ

ᶖ Ỗּזᶢ‴Ϫ ʻ ʺ ₮ ʺ Ỗ Ỗ

ᶢ‴ϪẎ ʺ ϪẴ ễϪ⸗ ʻ ḓẻ ʺ1000

ἵ Ỗ☺ ʼ1000 Ԓ ʼ1000 ἰ Ὥ Ϫ *2ʻ

ְỏϪ ԋ ᴨ ΅ ԋ – ʺ ᾄẓ

ԋϪ ʻ ᾉ (2000) ʺᴨ ẞ ễ ְỏ

Ϫˬ ὑ ₮˭ ḿ ⸗ ʻ ʺ ῠ (2007) ◗ ʺ ԋϪ

Ϫ‚ ‴ʺ ԋ ḧ

ʻ ʺ ᾄẓ Ϫ♫ ʻ ʺ Ϫᵓ

ʺᴨ ΅ Ϫ ḭ Ϫ ʻ

ỞⱭḥ ᴨⱥӼⱨ╣ᴣ ʺ℗Ṃ Ӽ ầ 1kmӝ ᶢ‴ʼ

ỞⱭḥ ӟ ˠ ˡϪ▬ ʻ◑Ӽ ḓẻϪ⸗ 0˗6⅜ ῠ 1000 Ӽ ʼ

ג Ϫ*3ʺὀṑ ῡ ʺ᷿ flỖ ˠ ˡϪʺ ʻ

ӝᵮ ԋ ʺ ḧ ʺ ʺ Ṛӝᵮ ӻ ԋ ả ʻ ʺ

ᶝ (2003) ʺ Ӽⱨ╣ᴣ ᾛ Ϫ ʺꜙ Ӽⱨ Ϫ

‴ ӕ ‴ Ө ʺ ầ ữ ʺ ῒ ᵓ

*2 1000 ἵ Ỗ☺ ʺˬ 21 Ὀ⅝ ˠḿ ₮ˡ˭ ἵ ᴿ ʺ ‴
ϪẎ ʺ Ϫˬ 21 ḿ ḿ ῠʺ ῠ ẇ ˭ ˠ1000 ӟˡ ᶢ ╬ ʻ

1000 Ԓ ʺˬ 21 Ӹ ☺ ₮˭ Ԓ Ϫˬ 21 ḿ ḿ ῠʺ ῠ ẇ ˭
ῠˠ1000 ӟˡ ᶢ ╬ ʻ1000 ἰ Ὥ ʺˬ 20 ∕ ὑ˭ ἰ Ὥ Ϫˬ
20 ḿ ḿ ῠʺ ῠ ẇ ˭ ῠˠ1000 ӟˡ ᶢ Ẏ ʻ

*3 0˗6⅜ ῠ 1000 Ӽ ʼ ג ʺˬ 22 ᵑהּ ♃☺ ₮˭ Ӽ ˬ 22 ᶖ ḿ ₮˭
ג ϪẎ ʺ Ϫˬ 22  ₮˭ Ẏ 0˗6⅜ ῠˠ1000 ӟˡ ᶢ ╬ ʻ
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Ϫ⸗ ʻ ḧ ʺ ӻ₭ Ṃ ᴤ ʻ

ʺ ầ ʺ ӻ₭Ϫ ʻ

ʺ ᾄẓ ʺ ᶉᴨ ᶢ‴Ϫʸ ẞ ễ

Ϫ ʺ ẞ ◑ᴝ ḧ ϪḠ╒ ʻ ʺ Ὀ⅝ י◘

◑ᴝ ְỏϪ ʺ פֿ 60⅜ӝ ở ʼTheil◗ Ϫ

ᴣ ʻ ӝᵮ ʺ ῠʼ╫Ỗ ⱥּז ʺ ӻ

ԋ ὥ ʻ ʺ₆ᵓ ʺ ῠˠ ˡ̓ 15⅜ӝ 40⅜ ῠ

ᶢ‴ʼ 1-3ⱱ╫Ỗ ⱥּזᶢ‴Ϫ ʻ

ӝ Ὡᴬ ʺ ᾄẓ 1 ᶄ ԋ ְỏϪ ᴞ ʻ

ῄ ʺ ʺ ʺ Ṛ ϪὈ⅝ή ὑ ʻὈ

⅝ή ʺᶄὈ⅝ή ◓Ỷ ʺ ῠϪ

ᴣ Ϫ ᵪ Ẏ ʺ ϪὈ⅝ή ʻᶄ◓Ỷ ᵪ

῟ ˬ 20 ˗ 24 ῠ ὰ ʼ◓Ỷ ὑ˭ ʺᶄ◓Ỷ ᵪ

ῠ ὑỗˬ 21 ḿ ḿ ῠʺ ῠ ẇ ˭ ʺ

Ẏ ʻ

תּ ʼ ở ʼTheil◗ ʺ ʺ פֿ 40⅜ 300 ב

ᶢ‴ ʺ פֿ ḥ Ɑ Ϫ ὑ╬ ʻˬ 21  כ

₮˭ ʺὈ⅝ή Ὶ ʻ ᾄẓ ʺˬ 21  כ

₮˭ 197Ὀ⅝ήϪ ʺ פֿ ḥ ᶄ Ɑ

Ϫ ʺ פֿ 40⅜ ḥ Ϫ ʻ ῄʺ ḥ

ʺ ở ʼTheil◗ ʺ ʺ פֿ 40⅜ 300 ב ᶢ‴ϪẎ

ʻ ʺ פֿ 60⅜ӝ ḥ Ϫ ʺ ở ʼTheil◗

Ϫὑ╬ ʻ

ӹ (2015) ʺˬ  כ ₮˭ Ὶ פֿ ḥ ˠ ӝ

ˡ Ϫ ʺ פֿ ḥ Ɑ GMM

Ϫ‚ Ϫ⸗ ʻӝᴜ ʺ Ϫḙὧ ⸗ ʻ

פֿ (x) ḥ (y) Ɑ f (x, y; θ) ᴝ ʺ ʼ

ᵪ ởʼ Ὥ ở ꜞϪ  ʻ ʺ

ꜞ ᶌ ι Ӯ ʺ Ẵ ╧‚ GMM Ϫ‚

ʻ ᶌ ᶌ P(x, y; θ) *4 ʺRadon-Nikodym

ʺᶄ ꜞ ᶌ Ϫ P(x, y; θ) Ḉ *5 ʻ ʺ

*4 ᶌ Ἁḥ (Ω,F ) ᶌ P Q ʺ Ө ‴ A ∈ F P(A) = 0 Q(A) = 0 ʺQ P
ʻ

*5 ᶌ Ἁḥ (Ω,F ) ᶌ P Q ʺᶌ Q ᶌ P ʺQ(A) =
∫

A hdPϪ
F -ᴤ ḧ h ӿ ∑ ʻ Ϫ Radon-Nikodym ʻ

Radon-Nikodym ʺP ᴤ Ө ḧ gʺ ʺA ∈ F ʺ
∫

A gdQ =
∫

A ghdP
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1:

Ṛ″

xAa, xAb ở ˠ ˡɣב פֿ 40⅜ ʺ ὑỗˬ 21  כ ₮˭

פֿ 60⅜ӝ ˡ ʻ

xBa, xBb Theil◗ ˠ פֿ 40⅜ ʺ

פֿ 60⅜ӝ ˡ

xC פֿ 40⅜

300 ב ᶢ‴

xD ῠ ˠ ˡ ὑỗˬ 22  ₮˭ ╬ ʻ

xE 15⅜ӝ 40⅜ ῠᶢ‴

xFm, xF f ₐ ˠ ʺ ˡ ᶓḀ ʼ ʼ ⱥ ỗ

xGm, xG f ở ₐ ˠ ʺ ˡ ˬ ӻ ◑ᴝʼ ◗ ˠ 3 ˡ˭

╬ ʻ

xH1, xH2, xH3 ╫Ỗ ⱥּזᶢ‴ ὑỗˬ 21 Ὀ⅝ ˠḿ

ˠ 1ⱱ╫Ỗʺ 2ⱱ╫Ỗʺ 3ⱱ╫Ỗˡ ₮ˡ˭ ╬ ʻ

xIm, xI f ᷿ flỖ ˠ ʺ ˡ ὑỗˬ 22  ₮˭ ╬ ʻ

xJ ℗Ṃ Ӽ ầ ὑỗˬ 20 ʼ ὑ ₮˭

1kmӝ ᶢ‴ ╬ ʻ

xKm, xK f ỞⱭḥ ӟ ˠ ˡɣ ʺ ˡ

xL 1000 ἵ Ỗ☺ ὑỗˬ 21 Ὀ⅝ ˠḿ

₮ˡ˭ ḿ ╬ ʻ

xM 1000 Ԓ ῟ ˬ 21 Ӹ ☺ ₮˭ ḿ

╬ ʻ

xN 1000 ἰ Ὥ ὓ╒ ˬ 20 ∕ ὑ˭ ḿ ╬

ʻ

xOm, xO f ᶖ ᶖ ˠ ʺ ˡ ᴪᶖ ˬ 22 ᶖ ḿ ₮˭

╬ ʻ

xP Ỗּז ὑỗˬ 22  ₮˭ ╬ ʻ

ʼ ᶖ Ỗּזᶢ‴

xQ 0˗6⅜ ῠ 1000 Ӽ ʼ ג ῟ ˬ 22 ᵑהּ ♃☺ ₮˭̋

ᴪᶖ ˬ 22 ᶖ ḿ ₮˭̋

ʺ ὑỗˬ 22  ₮˭

ḿ ╬ ʻ

xR ᶉᴨ ᶢ‴ ὑỗˬ 22  ₮˭ ╬ ʻ

xS Ỗ ὑỗˬ 22  ₮˭ ╬ ʻ

Ỗ ᶢ‴
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ᶌ Ϫ Ḉ ꜞ ʺ Ẵ ╧‚ GMM

ḧ ϪẎ ʺ Ϫ℗ θ GMM ʻ

ᾄẓ ʺ פֿ ḥ Ϫ ṙ Ὡ‴ Ɑ

Ϫ  ʺ Ɑ ḧ Ϫ f (x, y; θ) ʻ ḥ 2 ӿ

ᴝ Ϫᴞ ʺ פֿ ⱥ Ϫ ʻ

Ɑ ḧ f (x, y; θ) ḿ ʺ פֿ ᵪ ở ḥ ʺ ḥ ᵪ

ʼᵪ ởʼ ở פֿ ◊ ꜞϪẎ ʺ GMM Ϫ

‚ *6 ʻ

Ṛӝᵮ ʺ ϪὈ⅝ή ‴ὑ Ẏ ʻ ʺ1000

ἰ Ὥ ἰ Ὥ ῠϪ ʺ ӻ ἰ Ὥ Ϫ

ῠ ᶢ ʻ ʺὈ⅝ή ◓Ỷ ʺἰ Ὥ Ϫ ῠ

ˠ1000 ӟˡ ᶢ ʺὈ⅝ή 1000 ἰ Ὥ ϪẎ ʻ

3

3.1

ӝ ḿ ʺ ӻ ԋ ʺ ᵓṏ

Ϫ‚ ʻ ˬ 21  כ ₮˭ 197Ὀ⅝ή ʻ ʺ ᴌᾇὈ⅝

ή Cʼ ₠ᾇὈ⅝ή Cʼ╤ῠᾇὈ⅝ή HϪ ᵮ ∆כʺ Ϫ 194Ὀ⅝ή ʻ

ᴌᾇὈ⅝ή C ʺ℗Ṃ Ӽ ầ 1kmӝ ᶢ‴ ʺ

∑ ᵮ ʻ ʺ ₠ᾇὈ⅝ή C ╤ῠᾇὈ⅝ή H ʺ פֿ 40⅜

ḥ ᵮ ʻ Ὀ⅝ή ʺ

פֿ ʼ ḥ ︣ ἷ Ϫ ʺ –

ʻ

2 ᶄ ʺὈ⅝ή ὑ╬ ᶄ ḿ ὑ ʻ

3 2–4 ʺ 1 ᶄ Ϫ ʺ Ϫ ᵓṏ Ϫ‚ ὩᴬϪ

⸗ ʻ

ʺ᷿ Ẵ Ϫ ʺ 2ⱱ╫Ỗ ⱥּזᶢ‴Ϫ ʻ

ἷὩ‴ ἷὩ‴ ḧἮ 1 −1 Ϫʺ᷿ Ẵ

ʻ᷿ Ẵ ‴ʺ ᵓṏ Ϫ

ʻ 1ⱱʼ 2ⱱʼ 3ⱱ╫Ỗ ⱥּזᶢ‴ ʺ Ṯ 1 ʻ ʺ

ʻ ꜞ ʺPϪ P(x, y), QϪᶄ ꜞ ᶌ ʺgϪᶄ ꜞ ᶌ ₭
ʺᶄ ꜞ ᶌ Ϫ P(x, y; θ) Ḉ ʻ

*6 ₆ᵓ ʺ פֿ Ϫ GMM ʻ ʺGMM
ʺ פֿ ᾥ ʺ פֿ ᵪ ʼᵪ ở ʻ ʺ₆ᵓ ʺ
פֿ ᵪ ʼᵪ ở ꜞ GMM ְỏ ʺ ꜞϪ Ϫ

‚ ʻ
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2:

1 3

1.505 0.1889 1.377 1.608

xAa 568.2 83.29 513.6 615.4

xAb 533.9 74.47 486.6 577.3

xBa 0.1285 0.03103 0.1095 0.1454

xBb 0.209 0.05372 0.1726 0.2422

xC 0.1706 0.0821 0.1184 0.2132

xD 12.74 1.097 12.05 13.41

xE 0.2706 0.03544 0.2503 0.2934

xFm 0.2917 0.02986 0.2730 0.3088

xF f 0.2041 0.03494 0.1803 0.2243

xGm 30.5 0.6752 30.05 30.85

xG f 28.83 0.5756 28.47 29.17

xH1 0.01122 0.01015 0.00406 0.01482

xH2 0.2452 0.07003 0.1915 0.2944

xH3 0.7436 0.07056 0.6924 0.7937

xIm 0.07891 0.01789 0.06706 0.0868

xI f 0.04895 0.01063 0.04174 0.05354

xJ 0.4362 0.1729 0.3127 0.5774

xKm 24.68 9.979 18.50 25.38

xK f 17.52 5.776 14 18.38

xL 0.3956 0.1024 0.3346 0.4636

xM 0.08269 0.03608 0.05657 0.1018

xN 0.01133 0.004519 0.008222 0.01381

xOm 0.4877 0.09519 0.4221 0.5536

xO f 0.5212 0.09281 0.4548 0.5861

xP 0.2563 0.06501 0.2046 0.289

xQ 6.278 2.682 4.513 7.429

xR 0.8021 0.08208 0.7493 0.8722

xS 0.61 0.04515 0.5782 0.6399
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3:

4

t P t P VIF

1.346 1.722 0.08701 2.971 4.85 2.98 ×10−6

xAa 0.0002061 0.7183 0.4736 −0.0001255 −0.466 0.6418 10.99

xAb -9.78 ×10−5 −0.5537 0.5805 −0.0003005 −2.064 0.04066 2.607

xBa −0.6788 −1.437 0.1527 0.2747 0.6279 0.531 4.22

xBb 0.1307 0.6761 0.4999 0.2155 1.39 0.1666 1.577

xC 0.606 1.975 0.0499 −0.03271 −0.1071 0.9149 11.77

xD −0.02593 −1.625 0.106 −0.01307 −1.065 0.2885 4.385

xE 4.456 4.176 4.79 ×10−5 1.878 2.271 0.02452 20.46

xFm −0.8983 −1.075 0.2841 −0.8615 −1.308 0.1929 8.64

xF f −5.012 −5.412 2.15 ×10−7 −3.876 −5.657 7.23 ×10−8 13.57

xGm −0.03714 −1.463 0.1454 −0.03004 −1.545 0.1243 4.042

xG f 0.01897 0.6465 0.5188 −0.008082 −0.3737 0.7091 3.808

xH1 −0.0517 −0.0342 0.9728 0.092875 0.0773 0.9384 3.35

xH3 0.04381 0.1955 0.8453 −0.3646 −2.161 0.03227 3.318

xIm 1.2 0.7072 0.4805 −1.58 −1.136 0.2575 11.92

xI f −1.149 −0.3709 0.7111 −0.2357 −0.0962 0.9235 13.56

xJ −0.04889 −0.5124 0.6091 −0.03956 −0.5396 0.5903 3.936

xKm −0.002706 −0.959 0.3389 −0.001997 −0.9587 0.3392 10.83

xK f −0.002477 −0.4888 0.6256 0.0006759 0.1823 0.8556 11.7

xL −0.2494 −2.14 0.03381 −0.163 −1.908 0.0582 1.931

xM −0.3016 −0.814 0.4168 0.5202 1.804 0.07314 2.696

xN 4.065 1.212 0.2273 5.302 2.057 0.04138 3.504

xOm −0.5768 −2.81 0.005554 −0.4329 −2.744 0.006785 5.345

xO f −0.2484 −1.15 0.2516 −0.1115 −0.6831 0.4956 5.268

xP 0.6792 1.627 0.1056 0.4919 1.558 0.1213 10.58

xQ 0.001316 0.203 0.8394 −0.005745 −1.182 0.239 4.138

xR 0.6251 2.833 0.005189 0.5489 3.391 0.0008832 4.458

xS 1.495 3.69 0.0003043 1.129 3.66 0.0003449 4.852

R̄2 0.6053 0.7328

AIC -801.2 -874.5

1

2

5% 15 40
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4: ᴝ■₭ 2Ϫ Ὀ⅝ή

Ὀ⅝ή ᴝ■₭

ᵢ Ὀ⅝ή A 1.275 −2.486
ᵢ Ὀ⅝ή D 1.423 −2.147
╤ᾇ Ὀ⅝ή C 1.474 −2.122

 ᾇ Ὀ⅝ή A 1.360 −2.996
₨ᵌᾇ Ὀ⅝ή C 1.786 2.005

≡ᾇ Ὀ⅝ή D 2.035 4.550

ᴍ ᾇ Ὀ⅝ή A 1.781 2.179

ᴍ ᾇ Ὀ⅝ή B 1.882 2.342

ᴍ ᾇ Ὀ⅝ή C 1.833 2.078

ᴍ ᾇ Ὀ⅝ή D 2.301 2.293

ᴍ ᾇ Ὀ⅝ή E 2.188 4.513

ְỏ ᶌ ʻ ӝᵮ ԋ ʺ1000 ἵ

Ỗ☺ ʼ ᶖ ᶖ ְỏϪẇ ʺᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴

ְỏϪ ʻ

ḧ ʺᴍ ᾇ ᶄὈ⅝ή Ὀ⅝ή  ʺ

ӻ Ḡ ᵮ ᴤ ʻ ʺ ᴝ■₭Ϫὑ╬ ᵮ ┘Ϫ♫

*7 ʻ ᴝ■₭ e(i) ʺ

e(i) =
ei

1− hii

/√
e′e − e2i /(1− hii)

n − 1− K

ὑ╬ ʻ ʺn ʺK ᵓṏ Ἦ ʺe ᵓṏ Ὡᴬ

■₭ ʺei i ʻ ʺ

hii = x′
i

(
X ′

(i)X(i)

)−1
xi

ʺxi i ˠ ʺᶄὈ⅝ή ˡ̋ X(i) ‚ X xi

Ϫאל ʻ ᴝ■₭ ʺꜙ (n − 1− K) t ʻ

ᴝ■₭ Ḡ ʺ

– ʺ Ḡ Ϫᵮ ʻ 4 ʺ Ṛ Ὡᴬ ᴝ■

₭ϪẎ ʺ 2Ϫ Ὀ⅝ήϪ ʻᴍ ᾇ Ὀ⅝ή

ʺ ∆כ  ʺ ᵢ Ὀ⅝ή A  ᾇὈ⅝ή A ʺ

כ ʻ

*7 ᴝ■₭ ᵮ ┘ ʺ Greene (2012) Ϫ╣ ʻ
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5: ᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴ ʺ ḧἮ

ῠ ӟ 30Ὀ⅝ή ῠᴜӟ 30Ὀ⅝ή

ᶉᴨ ᶢ‴ Ỗ ᶢ‴ ᶉᴨ ᶢ‴ Ỗ ᶢ‴

-0.405 -0.146 0.267 0.415

ʺ 4 Ὀ⅝ή Ϫᵮ ʺ Ὀ⅝ή Ϫ Ϫ‚ Ὡ

ᴬ 3 5–7 ʻᵮ Ϫ ‴ Ὡᴬ ʺ פֿ 60⅜ӝ

ở ʼ 3ⱱ╫Ỗ Ỗּז ʼ1000 ἰ Ὥ Ө תּʺ

ᶢ‴ʼ1000 ἵ Ỗ☺ Ө ʻӿ ʺ 3 ʺᵮ Ϫ

ὦ Ἦ AIC ᵞ ʺ Ḡ Ϫḭ ʺ 4

Ὀ⅝ή ᵮ ʺ Ϫ ᴤ ʻ

ӝ ʺ15 ⅜ӝ 40 ⅜ ᶢ‴ʼ ₐ ʼ ᶖ ᶖ ʼᶉᴨ ᶢ

‴ʼ Ỗ ᶢ‴ ʺᵮ ḧ Ө ʻ ԋ ḧ

Ḡ╒ ʻ15⅜ӝ 40⅜ ᶢ‴ ְỏϪ ӿ

ʺ ᵑ Ṏᵑ ῡ ʻ ʺ Ϫ– ʻּת

ᶢ‴  ӻ ʺ ḭ תּ ᶢ‴  ʻ Ὡᴬʺ

Ϫ תּ ḥ ᵑ ʻ ₐ ְỏϪ

ʺꜙ ḧ ʻᾛ ʺ Ὡₐ ╫ ẽ Ὡ ʺ

ₐ ᾘ ╫ ᴣ ʻ ᶖ ᶖ ְỏ תּʺ ῠ

ᾘ ḧ – ʻˬ 21 ᶖ ḿ ₮˭   ∑ ᾇ ᶖּז ˠ

ᶖʼ ᶖԒˡ ʺẉ ᾇʼ≢Ớᾇʼ Ắ ʼ ᾇʼҹ ᾇʼⱲᵌᾇʼẮ ʼ ∟ ʼ ᴌᾇ

ʺ ◓Ϫḭ ʺ ʺ ◓ ữ ᾇ ᶖ ʺ

ӝᵮ ᾇ ᶖ Ϫ ᵁ ʻ Ἧῡ ʺ 21 ӝ

ʻ ʺ ᶖ ᶖ ʺ ӻ תּ ῠ ◓ ϪӨ ʻ

ʺ תּʺ ῠ ᾘ ᴜϪ ʻ Ὡᴬʺ ᶖ ᶖ 

ӻ ʺ ʻ

ᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴ ʺ ְỏϪ ᾉ ʻ

194Ὀ⅝ή ʺ ῠ ӟ 30Ὀ⅝ή ᴜӟ 30Ὀ⅝ή ʺᶉᴨ ᶢ‴ʼ

Ỗ ᶢ‴ ḧἮ Ϫὑ╬ ὩᴬϪʺ 5 ⸗ ʻ Ὡᴬʺ ῠ

ӻ ʺᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴  ӻ ʺ ῠ

ӻ ʺᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴   ʻ

ᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴ ḧἮ ″ ῠṙ Ӯ ӿ

ʺ ◓ ◑ י◘ Ӷ ʻᾛ∑ʺ ◓

ῠ ʺ ᶖʼ זּתּ ӯ ḭ ʺ ◑

◓ – ʻ ◑ ầ ʺ ╫ʼӼⱨ ∆
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◑ י◘ ʺ ◓ ◑ Ϫי◘

ʻӿ ʺ ◓ ʺ ◑

ʺ ẞʼữẞ ◑ ◓ ʻ ʺ ◑

ʺ ẞ Ϫי◘ ễ ʻ ᶓ ˬ

23 ◓ ◑Ӽ ḓẻ ḧ ₮˭ ʺ ◑Ӽ י◘ ễ

ӻ Ӯ ʺ ή י◘ Ἧῡ ʻ

ʺ ◓ תּ ᶉᴨ ʺ ╫ʼӼⱨ ∆ Ϫי◘ ễ

ʺ ◓ ᶉᴨ ᶢ‴  Ἧῡ – ʻӿ ʺ

תּʺ ᶉᴨ ʺ י◘ ᶑ ʻ Ὡᴬʺ

ᶉᴨ ᶢ‴  ᾠ ʻ ʺ ╫ʼӼⱨ

י◘ ʺ *8ʻ ʺ

Ϫ ʺ ◓ ╫Ϫ Ἧῡ ẽ – ʺ Ὡᴬ Ỗ

ᶢ‴ ḧ ʻ

3.2

1 פֿ Ϫ‚ ʺ פֿ Ϫ ʺ

ᵓṏ Ϫ‚ ʻ ︡ פֿ ᵓṏ ᾤ ʻֿפ ʺᾓ

ἨϪᴣ ʺ ˠֿפ ˡ ︡ *9ʻ ӝ ʺ

4 Ὀ⅝ή Ϫ Ϫ ʻ

₆ᵓ פֿ ᵓṏϪ ʺ Ẵ ʺ ʺ ӻ

ḧ ♦ Ḡ╒ ᴤ ʻӿ פֿʺ ᵓṏ ʺ Ẵ

Ϫ *10ʻֿפ פֿʺ ḥ ḧ 0 פֿʺ

Ϫ ᵓṏ Ϫ‚ ‴ʺ Ẵ ʻӿ פֿʺ ᾓ Ϫ

ʺᶄ Ө ʻ ᾄẓ ʺᶄὈ⅝ή

ῠʼὈ⅝ʼểӼʼ ḓẻ Ϫ ʺ

פֿ ʺᶄὈ⅝ή ӻ Ϫ ʻ ʺ (2002) ʺꜝⱨ ᾇ ◓ Ϫ

ʺ ῠʼ ἷ ʼ╫Ỗ ḧ Ϫ פֿ ӻ ᴝϪ♫ ʻ

₆ᵓ ʺ פֿ Ϫ ᵓṏ Ϫ‚ ʺ

ӻ ḧ Ϫ⸗ ʻ Ὡᴬʺ ӻ ὦ ԋ

ʺ ᵓṏ Ӯ ♦ ᴤ ʻ

3 8 ʺᵮ Ϫ ᵓṏ Ϫ‚ ‴ VIFϪ⸗ ʺ

*8 ʺ ‴ʺ◑ ḥʺ◑ Ϫᾉ ʻ
*9 פֿ ︡ ʺ Jolliffe (2002), (2010) Ϫ╣ ʻ
*10 Ẵ פֿ ᵓṏ ḧ ʺJolliffe (2002) Greene (2012)Ϫ╣ ʻ
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k Xk VIF

VIFk =
1

1− R2
k·

R2
k· Xk

*11 VIFk Xk

Xk

VIF

(2003) VIF 10 VIF

3

VIF 10

Jolliffe (2002)

*12

6 9 1

2

1 2 3 Aitchison (1983)

1 1

0 6 9 0

10 11

5 5

6–9 , 11 ,

6 1

1 1km

1000 11 1

*11 VIF (2003) Greene (2012)
*12 Mason and Gunst (1985)

t
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6: פֿ ᴹ פֿ Ṃ ˠ פ7ֿ–1 ˡ

פ1ֿ פ2ֿ פ3ֿ פ4ֿ פ5ֿ פ6ֿ פ7ֿ

xAa −0.1336 −0.6498 0.155 −0.1184 0.4686 0.4955 −0.03239
xAb −0.3494 −0.5729 −0.2057 0.3961 0.1636 0.0242 −0.07069
xBa 0.1133 0.3253 0.0997 0.6377 0.3002 0.287 −0.2663

xBb −0.1407 0.1812 −0.07263 0.632 0.116 −0.2173 0.05089

xC 0.1683 0.6839 −0.06068 0.4963 −0.2544 −0.2565 −0.09727
xD −0.7994 0.1051 −0.07291 0.006889 −0.1791 0.2545 −0.03246
xE −0.8961 0.03446 −0.2541 0.05099 −0.1387 0.1513 −0.0194

xFm −0.8415 0.09644 −0.01959 0.1161 −0.004514 0.1458 0.1417

xF f −0.8777 0.272 0.04409 −0.01473 −0.1281 0.1571 −0.04929
xGm −0.4325 −0.2947 0.6336 0.3066 −0.03891 0.03625 0.2054

xG f −0.5403 −0.1502 0.6312 0.2489 −0.1758 −0.003017 0.1492

xH1 0.9109 −0.03857 0.05191 0.06843 −0.1966 0.0595 0.1404

xH2 −0.7367 −0.1762 −0.3069 −0.01082 0.2981 −0.1528 −0.1214
xH3 −0.8681 0.221 0.1859 −0.1048 0.06387 0.03628 −0.1268
xIm 0.2498 0.769 0.08048 −0.04843 0.4475 −0.02432 −0.005632
xI f −0.2483 0.8306 −0.07429 −0.08069 0.3128 0.1109 0.06383

xJ 0.7582 −0.2042 −0.1724 0.08933 0.0722 −0.1891 0.1416

xKm −0.8425 0.00113 0.1737 −0.01124 0.1646 −0.2007 0.1594

xK f −0.8583 0.03867 0.2744 0.01561 0.1144 −0.05163 0.1257

xL −0.3608 −0.124 −0.474 0.238 −0.3287 0.2666 −0.08944
xM 0.4886 0.3935 0.2852 −0.1265 −0.1486 0.1986 −0.4768

xN −0.7807 0.2015 −0.1241 −0.1132 0.04476 0.09396 −0.1283
xOm −0.7064 −0.3277 −0.07095 −0.06641 0.05456 −0.3907 −0.2234
xO f −0.7104 −0.3043 0.0224 −0.03162 0.0493 −0.3242 −0.3822

xP −0.8825 −0.1383 0.07548 −0.03894 −0.1334 −0.137 −0.1342
xQ 0.7174 −0.01673 0.3771 −0.08524 0.1791 −0.2308 −0.2606

xR −0.5908 0.4636 0.2382 −0.276 −0.2999 −0.0329 −0.002302
xS 0.5974 −0.4192 0.2447 0.1329 −0.1829 0.1477 −0.3515

ᾥ 11.85 3.789 1.827 1.622 1.301 1.168 0.9505

Ṃ 0.4233 0.1353 0.06526 0.05793 0.04646 0.04172 0.03394

פֿ ʺ ◓ᴝ ϫ Ὀ⅝ή ʻ ʺ פ1ֿ

◓ᴝ Ϫ ʺ ◓ᴝ ϫ ʻ ʺ פ1ֿ

Ἦ Ө ʺ ◓ᴝ ϫ Ὀ⅝ή Ἧῡ ʻ 2

פֿ ʺflỖ ʼּת ᶢ‴ ῡ תּʺ ở ῡ ⌂

ʺᶄὈ⅝ή תּ Ὀ⅝ ễϪ ʺ ễ ᾕ  ʻ

פֿʺ ᵓṏ Ὡᴬ תּʺ Ὀ⅝ ễ ᾕ ӻ ʻ פ3ֿ

ₐ ӟ ῡ ⌂ ʺ ₐ  Ϫ⸗ – ʻ

פֿ ᵓṏ ʺ ₐ  ӻ ʻ פ5ֿ תּʺ ở

Theil ◗ ʺ ʺflỖ ⌂ תּʺ ᶢ‴ ⌂ ʻӿ

ʺ Ϫ תּ ʺ ở ʼ ᶈ₭ ᶆ ʼ ᶢ‴ ᾘ

Ϫ ʺ פ5ֿ תּ ʼ ᶢ‴  Ϫ⸗ ʻ ʺ
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7: פֿ ᴹ פֿ Ṃ ˠ פ14ֿ–8 ˡ

פ8ֿ פ9ֿ פ10ֿ פ11ֿ פ12ֿ פ13ֿ פ14ֿ

xAa 0.01614 0.03462 0.1298 −0.004449 −0.02215 −0.1302 0.03658

xAb 0.2431 −0.1766 0.2503 0.05245 0.03365 0.3004 −0.03967
xBa −0.2502 −0.2934 0.009901 −0.01389 −0.05348 −0.2296 0.08094

xBb 0.5774 0.2996 0.05458 −0.08224 −0.02055 −0.1589 −0.01883
xC −0.1745 −0.1962 −0.1082 0.01364 0.01125 0.07457 0.01886

xD 0.03086 −0.105 −0.1823 0.03925 0.1544 −0.05123 −0.3429

xE 0.01989 0.03168 −0.02626 0.1414 0.1086 −0.0105 0.09955

xFm 0.03074 0.1922 −0.1726 0.1664 0.1823 0.04398 0.235

xF f 0.03704 0.08686 0.03495 0.1442 0.03915 0.02239 0.1511

xGm −0.1707 0.1742 −0.09527 −0.1702 0.01068 0.11 −0.0948
xG f −0.1151 0.136 0.06108 0.0762 −0.1717 0.03703 −0.05134
xH1 −0.01296 0.05251 0.1372 0.1828 0.1018 −0.1322 −0.06157
xH2 −0.03613 −0.04234 −0.2604 −0.1945 −0.004025 0.1632 0.003871

xH3 0.05377 −0.05016 0.001913 −0.1329 −0.1666 0.07601 0.09948

xIm −0.1177 0.2283 0.07946 0.04431 0.05104 0.1138 −0.08337
xI f −0.07324 0.1533 0.08306 0.2024 −0.03454 0.08427 −0.1044
xJ −0.2096 0.1073 0.1256 −0.1788 0.3006 −0.0967 0.05601

xKm −0.07667 −0.146 0.1386 −0.08314 0.2015 −0.01756 −0.003807
xK f −0.01289 −0.1694 0.01309 0.01737 0.2469 −0.0104 0.001833

xL −0.3702 0.3208 0.2402 −0.1767 −0.04231 0.08444 0.004166

xM 0.1962 0.04045 0.2283 −0.1188 0.187 0.1311 −0.04331
xN 0.02432 0.1948 −0.1879 −0.2428 0.04585 −0.1787 −0.06415
xOm −0.1623 0.1439 0.0685 0.1787 −0.04656 −0.07945 0.02843

xO f −0.08697 0.1048 0.06151 0.1457 −0.02606 −0.1471 −0.1382
xP −0.04054 −0.1161 0.227 0.02448 0.06456 −0.0253 −0.00901
xQ −0.08782 0.141 −0.06958 −0.02119 0.07966 0.06531 0.1089

xR 0.1475 −0.08168 0.1686 −0.1715 −0.0463 −0.1197 0.1079

xS 0.07488 0.1065 −0.2907 0.1038 0.1215 0.04643 0.03521

ᾥ 0.8522 0.7219 0.6299 0.4844 0.408 0.3946 0.3128

Ṃ 0.03043 0.02578 0.02250 0.0173 0.01457 0.01409 0.01117

פֿ ᵓṏ Ὡᴬ תּʺ ʼ ְỏϪ ʻ פ7ֿ ʺ

1000 Ԓ ʼ ᶖ ᶖ ʼ Ỗ ᶢ‴ʼⱨ 1000 Ӽ☺

⌂ ʻ ʺ פ7ֿ Ԓʼ Ӽ☺ ễϪ ʺ Ԓʼ Ӽ☺

ӻ  ʻֿפ ᵓṏ ʺ Ԓʼ Ӽ☺

ӻ ʻ פ8ֿ ʺ Theil◗ ʼ ở

ʺ1000 ἵ Ỗ☺ ⌂ ʺ Ὀ⅝ ễϪ⸗

– ʻ ʺ ᶈ₭ ở  ӻ פ8ֿ  ʺ

ְỏϪ ʻ פ13ֿ ʺ ở תּʺ Theil◗

ʼ1000 ἰ Ὥ ʼ Theil ◗ ʼּת ở

ʻ ʺ  תּʺ ӻ ʺ 13

פֿ  ʻ ễ ְỏ ʻ 15
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8: פֿ ᴹ פֿ Ṃ ˠ פ21ֿ–15 ˡ

פ15ֿ פ16ֿ פ17ֿ פ18ֿ פ19ֿ פ20ֿ פ21ֿ

xAa −0.002833 −0.01568 0.01869 0.01814 0.01008 0.02351 0.01909

xAb −0.08002 0.224 −0.03934 −0.03064 −0.08574 −0.01592 −0.02751
xBa −0.03203 0.01093 0.05606 0.009791 −0.01255 −0.000613 −0.0007575
xBb 0.1026 −0.08012 0.03832 0.02469 0.005923 −0.003615 0.02367

xC −0.027 0.04365 −0.04446 −0.01977 0.03987 0.02328 0.002846

xD 0.08394 0.02447 0.151 −0.0296 −0.09068 −0.09209 0.07937

xE −0.05787 −0.06864 0.02771 −0.04144 −0.006756 −0.005052 −0.07851
xFm −0.08105 0.04315 0.1029 −0.0005691 0.02495 0.003669 −0.0355
xF f 0.01174 −0.04689 −0.0697 −0.05615 0.005816 −0.0993 0.06041

xGm −0.06593 0.09187 0.08781 0.09968 0.1593 −0.06877 −0.05206
xG f −0.1437 −0.1242 −0.05666 −0.1449 −0.163 0.07756 0.04294

xH1 −0.000693 0.08651 0.003763 −0.007012 0.01311 0.05224 −0.03773
xH2 −0.127 −0.1625 0.09389 0.05446 −0.05596 0.08804 0.003055

xH3 0.114 −0.0002463 −0.08971 −0.03666 0.02781 −0.1656 0.06035

xIm −0.01492 0.03894 −0.09077 0.1041 −0.04669 −0.0135 0.04343

xI f −0.03441 0.01343 0.0115 0.04398 −0.01666 0.004954 −0.04478
xJ −0.1903 −0.05304 −0.03556 −0.01883 −0.08433 −0.1518 0.07059

xKm 0.1631 −0.0401 −0.0876 −0.0318 0.04387 0.1105 −0.01844
xK f 0.1395 −0.05185 −0.05267 0.03372 −0.03011 0.08287 0.02818

xL 0.1985 −0.03366 0.01101 0.04272 −0.03612 0.05722 −0.007041
xM −0.1266 −0.109 0.07092 −0.08381 0.1169 0.06895 0.02853

xN −0.0908 0.2411 −0.1716 −0.1423 0.004474 0.0615 −0.04747
xOm −0.03039 0.1646 0.1112 0.003419 0.07756 0.07811 0.1786

xO f −0.06498 −0.1251 −0.04738 0.03696 −0.005111 −0.06059 −0.1361

xP 0.002528 0.009644 −0.03343 0.07428 0.03084 −0.0934 −0.03756
xQ 0.2211 0.09327 0.1613 −0.126 −0.131 −0.04024 −0.08094
xR −0.09774 0.1179 0.09946 0.1858 −0.1565 0.04252 −0.0182
xS 0.04827 0.01154 −0.1863 0.1797 −0.0635 0.03228 0.04186

ᾥ 0.3032 0.2715 0.2163 0.1774 0.1542 0.1455 0.1023

Ṃ 0.01083 0.009696 0.007726 0.006336 0.005509 0.005195 0.003653

פֿ ʺⱨ 1000 Ӽ☺ ʼ1000 ʼ ỞⱭḥ ӟ ʺ℗Ṃ

Ӽ ầ 1kmӝ ᶢ‴ ⌂ ʻ ʺ פ15ֿ Ӽ☺

Ϫ ʺὈ⅝ή Ӽ☺ ∑ פֿ  ʻ ʺ פ15ֿ Ἦ

ʺ Ӽ☺  ӻ ʻ 18 פֿ ʺᶉᴨ

ᶢ‴ Ỗ ᶢ‴ ⌂ ʻ ʺ 18 פֿ   ễϪ

ʺᶉᴨ Ỗ ӻ  ʺ ְỏϪ

ʻ פ21ֿ ʺ ᶖ ᶖ ʺ ᶖ ᶖ ʺ ᶖ

ᶖ ₭Ϫ⸗ ʻ ʺ ᶖ  ӻ פֿʺ 

ʻ פ23ֿ ʺ ₐ ʺ ₐ ʺ ₐ

₭Ϫ ʻ ₐ  פֿʺ  ʺ

ְỏϪ ʻ פ25ֿ ʺ flỖ ʺ flỖ ⌂ ʻ ʺ
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9: פֿ ᴹ פֿ Ṃ ˠ פ27ֿ–22 ˡ

פ22ֿ פ23ֿ פ24ֿ פ25ֿ פ26ֿ פ27ֿ

xAa −0.03504 −0.01968 −0.06805 0.0298 −0.09703 0.003108

xAb −0.03818 0.01671 0.01459 −0.006031 0.00856 0.00155

xBa 0.03035 0.01895 0.04231 −0.0125 0.05035 0.001071

xBb 0.02082 −0.005886 −0.01644 −0.003678 −0.006542 0.002641

xC −0.05833 −0.02692 −0.06954 0.03127 −0.09976 0.002853

xD 0.002624 0.002579 0.02651 0.01312 −0.02605 −0.002174
xE 0.06044 0.04669 −0.05133 −0.07982 −0.01712 −0.1021

xFm −0.03002 −0.09166 0.08868 0.05782 −0.007527 0.01282

xF f −0.02321 0.1488 −0.04187 0.0419 0.01591 0.06204

xGm −0.01066 0.04881 −0.02321 −0.02465 0.009352 −0.003627
xG f 0.03868 −0.02861 0.008413 0.004422 −0.003896 −0.004903
xH1 0.003141 0.02036 −0.007534 0.01752 0.005526 0.003342

xH2 0.04141 0.02992 −0.02594 0.01949 0.003997 0.02589

xH3 −0.04205 −0.06062 0.03564 −0.0466 −0.01279 −0.02859
xIm 0.02428 0.03323 0.01733 0.0871 0.002851 −0.07125

xI f 0.01636 −0.04254 −0.02462 −0.1144 −0.009497 0.06761

xJ −0.0185 −0.0156 −0.00181 −0.04572 −0.01175 0.01024

xKm 0.04757 0.06336 0.1009 −0.03153 −0.0624 0.01425

xK f −0.1081 −0.05871 −0.09051 −0.003192 0.07866 −0.01114
xL −0.02656 −0.01588 0.005255 0.006849 0.008721 0.005069

xM −0.01152 −0.01602 0.0133 −0.005848 0.007339 −0.001862
xN 0.01755 −0.009514 −0.0217 0.006304 0.01566 0.009646

xOm 0.00405 0.003756 −0.005373 −0.03322 0.002556 −0.01163
xO f −0.1239 0.007261 0.03472 0.01834 −0.00395 0.0001094

xP 0.1964 −0.07538 −0.04694 0.05718 0.006567 0.02261

xQ 0.027 0.01265 −0.03199 −0.001481 −0.008372 0.005544

xR −0.04107 0.02879 0.007007 −0.01117 −0.02152 −0.0006609
xS 0.0384 −0.002528 0.01697 −0.0477 −0.01497 0.01127

ᾥ 0.09176 0.06065 0.05207 0.04821 0.03513 0.02701

Ṃ 0.003277 0.002166 0.00186 0.001722 0.001255 0.0009647

flỖ  ӻ פֿ  ʻֿפ ᵓṏ Ὡᴬ ʺ

ӻ ʻ

12 פֿʺ ᵓṏ Ө פֿ ᵒּרϪ♫ ὩᴬϪ ʻ ʺᵒּרϪ

פֿ פֿʺ ԋϪṚ ʻ

ᶄֿפ ╧ ḿ ʺ ᶄֿפ Ṃ ϪẎ ʻֿפ ᵓṏ ꜞ

yi = α + β1a1,i + β2a2,i + · · · + βKaK,i

Ϫ– ʻ ʺyi ʺaj,i i Ὀ⅝ή jֿפ ʺ(α, β1, . . . , βk)

ʻ ꜞ ʺ ᶄֿפ ╧ ӝᴜ ꜞ ʻ

Var(yi) = β21Var(a1,i) + · · · + β2KVar(aK,i)

= β21λ1 + · · · + β2KλK
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10:

t P t P

1.49 236 < 2.2 ×10−16 1.49 234.4 < 2.2 ×10−16

1 0.03329 18.1 < 2.2 ×10−16 0.03329 17.98 < 2.2 ×10−16

2 −0.006886 −2.117 0.03585 −0.006886 −2.103 0.03702

3 −0.01164 −2.484 0.01404 −0.01164 −2.467 0.01463

4 −0.006841 −1.376 0.1707

5 −0.02612 −4.705 0.00000559 −0.02612 −4.673 0.00000615

6 0.002552 0.4357 0.6637

7 −0.02266 −3.489 0.000632 −0.02266 −3.465 0.0006762

8 0.03305 4.819 0.00000342 0.03305 4.786 0.00000377

9 −0.03152 −4.23 0.0000398 −0.03152 −4.201 0.0000434

10 −0.02942 −3.688 0.0003119 −0.02942 −3.663 0.0003354

11 −0.0425 −4.673 0.00000641 −0.0425 −4.641 0.00000705

12 0.00681 0.6871 0.4931

13 −0.02757 −2.736 0.006949 −0.02757 −2.717 0.007289

14 −0.0148 −1.308 0.1929

15 −0.03372 −2.933 0.003869 −0.03372 −2.913 0.00408

16 −0.01543 −1.27 0.2062

17 −0.000311 −0.0228 0.9818

18 0.05159 3.432 0.0007674 0.05159 3.409 0.0008199

19 −0.02862 −1.775 0.07783

20 0.05493 3.309 0.001163 0.05493 3.287 0.001239

21 −0.05587 −2.822 0.005396 −0.05587 −2.803 0.005673

22 0.05665 2.71 0.00748 0.05665 2.692 0.00784

23 −0.07202 −2.802 0.005735 −0.07202 −2.782 0.006026

24 −0.01709 −0.616 0.5388

25 −0.05922 −2.054 0.04167 −0.05922 −2.04 0.04297

26 −0.008117 −0.2403 0.8104

27 −0.06464 −1.678 0.09535

R̄2 0.7334 0.7297

AIC -874.8 -880.9

λj j β2j λj/∑k β2kλk (β1, . . . , βK) 10

j

13

13 63.5% 1

22 23 1

1 13

1
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11: 5

1 2 3 5 7

1 D C C B D

2 C C E C C

3 D A D D C

4 D A D C C

5 B A C B C

179 A D A D B

180 F D D C A

181 D C C A A

182 C C C A D

183 A D B E C

8 9 10 11 13

1 A C C C D

2 G A G C A

3 D D A D D

4 D D B C D

5 F D C D B

179 B D D D A

180 B A C E B

181 D G D B D

182 C C B C D

183 B B A B C

15 18 20 21 22

1 B D C D B

2 C D E G E

3 C D B E C

4 D E C A B

5 A B B C B

179 B D C C B

180 B D B D C

181 E D A D B

182 C A A B A

183 D C E B E

23 25

1 C C

2 A D

3 C D

4 A D

5 D D

179 A C

180 B D

181 A B

182 D A

183 D B
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12: פֿ ᵒּר ְỏ

פֿ ᵒּר פֿ ԋ ְỏ

פ1ֿ ◓ᴝ +

ˠ ◓ᴝ ϫ ӻ  ˡ

פ2ֿ תּ Ὀ⅝ ễ −
ˠּת Ὀ⅝ ễ ᾕ  ˡ

פ3ֿ ₐ  −
ˠ ₐ   ˡ

פ5ֿ תּ ʼ ᶢ‴ −
ˠּת ʼ  ˡ

פ7ֿ Ԓʼ Ӽ☺ ễ −
ˠ Ԓʼ Ӽ☺ ϫ  ˡ

פ8ֿ  Ὀ⅝ ễ +

ˠ ᶈ₭ ở   ˡ

פ9ֿ 1000 ʼ Theil◗ ʺ −
תּ Theil◗ ⌂

פ10ֿ  ở ʼ1000 ʺ −
Ỗ ᶢ‴ʼ 2ⱱ╫Ỗ ⱥּזᶢ‴ ⌂

פ11ֿ ᷿ flỖ ʺ −
1000 ἰ Ὥ ⌂

פ13ֿ תּ ʼ ‴ −
ˠ  ʺ

תּ  ˡ

פ15ֿ Ӽ☺ −
ˠ Ӽ☺   ˡ

פ18ֿ   ễ +

ˠᶉᴨ ʼ Ỗ ᶢ‴  ӻ  ˡ

פ20ֿ 3ⱱ╫Ỗ ⱥּזᶢ‴ʼ +

℗Ṃ Ӽ ầ 1kmӝ ᶢ‴ ⌂

פ21ֿ ᶖ ᶖ ₭ −
ˠ ᶖ ᶖ   ˡ

פ22ֿ ʼ ᶖ Ỗּזᶢ‴ ʺ +

ᶖ ᶖ ⌂

פ23ֿ ₐ ₭ −
ˠ ₐ   ˡ

פ25ֿ flỖ ₭ −
ˠ flỖ   ˡ
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13: ᶄֿפ Ṃ

פ1ֿ פ2ֿ פ3ֿ פ5ֿ פ7ֿ

0.6358 0.008696 0.01198 0.04295 0.02361

פ8ֿ פ9ֿ פ10ֿ פ11ֿ פ13ֿ

0.04505 0.03472 0.02639 0.04236 0.01452

פ15ֿ פ18ֿ פ20ֿ פ21ֿ פ22ֿ

0.01669 0.02286 0.02125 0.01545 0.01425

פ23ֿ פ25ֿ

0.01522 0.008185

◑ᴝ ʺ ◓ᴝ ẽ ְỏ ʻ ᾉ תּʺ‴ ῠ ᶢ‴ʼ

ₐ ʼ ᶖ ᶖ ʼᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴

ְỏϪ ʻ ῠ תּ ῠ ᶢ‴ ʺ ₐ ӻ

 ʻ ʺ ᶖ ᶖ  ӻ ʻ ʺᶉᴨ ᶢ‴ʼ

Ỗ ᶢ‴ ʺ ְỏϪẇ ʻ ʺ

◓ ᾠ ‴ʺᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴ ְỏϪ

ᴤ ʻ

3.3 –

ӝ ʺ ◓ ᴜ ʻ

ʺ ῡ Ϫ ◓ᴝϪ☿ ☺└ ʺᾞ ᾛכ ʻ

ʺᾢ ԋ ḧ ḿ ʺ ◓ ᵞ Ṃ

└ –╒ ʻ

ӿ ʺὩₐ ᴣ Ṃ └ ʺ ◓ Ϫῡ ʻ

ᾉ ‴ʺ ₐ Ө ְỏϪ ʺὩₐ ᴣϪ

ₐ Ϫ ᴜ ʺ Ϫῡ ʻ ʺ ῡ Ϫ

◗ ʺὩₐ ԋ └ ᴡ ʻ ʼẉ≡ (2009) ʺ ӻ ԋ Ὡₐ

ḧ ʺ ʺᵁ ӻ Ὡₐ └ ῝ Ϫ‚

ʻ ὩᴬʺὩₐ ῠ ḥ Ẃ UⱩἵ ḧ ʺ Ỗ  ӻ

ὩₐὈᾑ  ʺᵁ ӻ Ὡₐ └ ῝ᴬ

Ϫ⸗ ʻ ῡ ῝ └Ϫ ⸗ ʺ ‚ᾄẓϪ

ʺὩₐ ῡ ְỏϪ ʻ

ӿ ʺᵮ Ϫ ‴ ᵓṏ ḿ ʺ ₐ Ϫ 10 ̉ ᴜ
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ʺ 0.3 ᵁ ʻ ʺὩₐ ᴣ Ϫ

₇ ʻ

ʺᶉᴨ ᶢ‴ʼ Ỗ ᶢ‴ ḧ –╒ ʺ ╫ʼӼⱨ ḧ

זּתּ י◘ ʺ ῡ ῝ ʻᾛ ʺᶉᴨ Ỗ ᴣ

ʺ ◓ ῝ᴬϪ ᴤ ʺ ╫ʼӼⱨ ḧ תּ

י◘ ӿԋ – ʺ י◘ ʺ ◓

῝ᴬ ʻᾛ∑ʺ῟ Ӽⱨ ḧ ʼ ắϪ ӻ◑Ӽ Ảי◘

ⱥỖϪ ᵩ *13 ʻ ◓ ⱥỖי◘ ʼ כ ʺ ◓ ῡ

Ṃ ṋ ʻ

╡ תּʺ ῠ ᶢ‴ ᴣ ῝ ʺ ӻ ῠᾘ

Ϫ Ө ʻּת ῠϪ ʺ ╫ ꜙ ӻ

ᵑהּ ʻꜙ תּ ῠ ᴣ ṋḥ הּʺ

ᵑ תּ ῠ ᴣ ṋḥ ᾛכ ʻ ᵑהּʺ תּ ῠ

ᴣ ʺ ӻ תּ ῠ ᾘ Ϫ ʻּת ῠ ◓ ᾛ

ʺ Ὀ⅝ή ◓ זּתּ Ϫ ʺ ᴣ Ὀ⅝ᶦ ᶦ

ᴝ Ḡ ᴝ ʻ ʺ ◓ תּ ῠ ᵑהּ

ʺ זּתּ Ϫᴣ ʺ ◓ תּ ῠ ◓ ḥ

Ὀ⅝ᶈ₭ ᶆ Ϫ Ὡᴬ ʻ תּʺ ῠ ᵑהּ ְỏ ӿ

ӻ ῝ ʺ ‴ ῝ ᾠ ʻ

ᾄẓ ⸗ פֿ ᵓṏ Ϫ ʺ ԋ 

ᴤ ʻ ʺ ԋ ְỏ ʺ ԋḥ ẽ

ḧ ‴ ʻ ᾄẓ תּʺ ᶢ‴ʼ ₐ ʺ

ḥ ẽ ḧ Ϫ⸗ ʻ ʺ ԋϪ ԋ

Ϫ ḭ ᵓṏ Ϫ‚ ‴ʺ Ẵ Ϫᵓ ʺ

ᴜ ʻ ᾄẓ פֿ ᵓṏ ʺ Ϫֿפ Ḉ

ʺ Ẵ Ϫᵓ ʻ ʺ ḥ ḧḧἮ ʺ

Ϫ ḭ ᴤ *14ʻ פֿ ᵒּרϪ

ʺ Ẵ Ϫᵓ פֿʺ ᵓṏ ᵓṏ

Ϫⱬ ʻ

פֿʺ ᵓṏ ʺ ְỏ ‴ ԋϪ ᴝ ʺ ְỏϪ

⸗ ʻ Ὡᴬʺ ᵞ ʺ ‴ ♦ └ ᾞ ᴤ ʻ

1 ʺ ӻ₭ ◓ Ἧῡ Ϫ⸗ ʻ ᾄẓ

*13 ӻ◑Ӽ Ảי◘ ⱥỖ ↕ ʺ ῟ (2018) Ϫ╣ ʻ
*14 פֿʺ ᵓṏ ʻ ʺ ⌂ ᵪ℗ Ϫ
♫ ʺ ḭ ẂԋᴬϪⱬ Ϫώ ʻ
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פֿʺ ᵓṏ Ϫ ʺ ӻ₭ ↕ Ϫ♫ ʻ Ὡᴬʺ

ᶄὈ⅝ή ◓ᴝ Ϫֿפ ᴝ ʺ ְỏ Ϫ

ᴝ ʻ ʺ ◓ᴝӝᵮ ԋ ʺ ְỏ ◓ᴝ

ᶑ ʻ ʺӝ פֿ ᵓṏ Ὡᴬ ʺ ◓ᴝ

ᴜ ộ ẽ ⌂ ʺ ◓ ◑ᴝ └ ṷứ ᴽ Ὡ

ʻ

ӿ ʺ₆ᵓ ḧ ᵞ ʼ–╒ ʻ

ԋ Ϫ ᶌ ‚ ʺᴨ ΅ ẞ ễ ḧ

Ϫ ᴣ ʻ₆ᵓ ᾄẓ ʺ ʺᴨ ẞ ễϪ

ᵮ ʻ ʺ ԋ ӿ ḧ Ϫⱬ ʺ ‚ᾄẓ

ʻ ᵓṏ ʼֿפ ᵓṏ ʺ ᾛכ ὩᴬϪ

ʺẞ ễϪ Ϫ ḭ ʻ ʺ

ᴜ Ὡᴬ ʻ ʺ ⌂ ᵪ℗

ʺ Ϫᵞ ᴤ ʻ ʺ ῠ (2007) ʺ

Ϫ‚ ʺ תּʺ‴ ʼ ḥ ḧ

Ϫ ₇ ʻ ᾄẓ ḥ ḧ ʺˬ 

כ ₮˭ Ὀ⅝ή ʻˬ  כ ₮˭ ◓Ỷ Ὁ

₮ ʺὈ⅝ή ḭ ◓Ỷ ₮ ӿ ʻ

ʺᶄὈ⅝ή ḥ Ϫ ʻ

ᾄẓ ᵓṏ ʺ Ὀ⅝ Ϫ Ϫ ʻὈ⅝ Ϫ

ʺᶄ ӻ ᴡ אל ʻ 3 תּʺ

ʼ ְỏϪ ᶌ ʻ ʺ₆ᵓ

ӻḥ ᴡ ӶϪ– ʺᶄ ḧ

Ӂ ᴤ ʻ ʺᾛⱭ ʺ◓Ỷ ʼὈ⅝ή ᴡ◗ Ὶᵩ

ʺ ᴡϪ– Ϫ‚ ễ ʻ

Ӽ☺ ễ ḧ ʺᵞ –╒Ϫ‚ ʻ ᾄẓ ʺ Ӽ☺

כ Ϫ ʺⱨ 1000 Ӽ ʼ ג ʺ ʺ℗Ṃ Ӽ

ầ 1kmӝ ᶢ‴Ϫ ʻ ᵓṏ Ὡᴬʺ ְỏ

Ө פֿʺ ᵓṏ Ὡᴬʺ Ӽ☺ Ө ְỏϪ

ʻӿ ʺ Ӽ☺ כ ӻ  ʻ ʺ

ᾄẓ Ὡᴬ ʺ Ӽ☺ ʼ Ӽ☺ ầ ʼ Ӽ☺ ʺ

Ө ⌂ ʺ ʻ ʺ Ӽ☺ ễ ḧ

ʺ ʻ ʺ Ӽ☺ כ ᶌ Ϫ

Ϫ‚ ʺ Ӽ☺ כ ḧ Ϫ ʻ

ᵞ ʼ–╒ ʺ₆ῄ ᴽ ʻ
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