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㝆㞵ὶฟᶵᵓ࣮ࣝࢣࢫࠕࡿࡅ࠾ၥ㢟ࠖࡣ 1995 ᖺᗈࡃὀ┠࡚ࢀࡉ௨᮶㸪20 ᖺ⤒㐣ࡓࡋ⌧ 
ᅾ࡛ࡶᮍゎỴ࣮ࣝࢣࢫࠕࠋࡿ࠶࡛ࡲࡲࡢၥ㢟 ࡓࡵࡲࡾྲྀໟᣓⓗࠖࢆ Kalma & Sivapalan (1995)
✵ࠕࡍ♧ࢆࡇࡿࡍῶᑡ࡚ࡗకቑຍࡢ✚ὶᇦ㠃ࡀࡁࡘࡽࡤ㛫ⓗ✵ࡢỈᩥ㔞ࡢ࡞㸪Ἑᕝὶ㔞ࡣ

㛫௦⾲ᛶࠖ㸪✵㛫ࡢ࣮ࣝࢣࢫኚక࡚ࡗせ࡞㝆㞵ὶฟᶵᵓࡀኚࠕࡍ♧ࢆࡇࡿࡍ✵

㛫࣮ࣝࢣࢫ౫Ꮡᛶࠖࡢ 2 ࡃከࡣ✲◊ࡿࡍ㛵㛫௦⾲ᛶࠖ✵ࠕࠋࡿ࠸࡚ࡋሗ࿌ࡿ࠸࡚ࡋᵓᡂ࡛ࡘ

Ꮡᅾࡾ࠾࡚ࡋ㸪Woods et al. (1995)࡛ࡣ✵㛫௦⾲ᛶࡀⓎ⌧ࡣࡢࡿࡍὶᇦ㠃✚ࡀ 1 km2 ⛬ᗘ࡛ࡿ࠶

࡛ࡲࡲࡢᮍゎỴ࡚࠸ࡘࡢࡿࡍ⌧Ⓨࡀ㛫௦⾲ᛶ✵࡛ࡇࡿࡍኚࡀ㸪ఱࡋࡋࠋࡿ࠸࡚ࡋ♧

ほࡢἙᕝὶ㔞ࡣ✲◊ᮏࠋ࠸࡞࠸࡚ࢀࡉࡶ✲◊ࢇࡣ࡚ࡋ㛵౫Ꮡᛶ࣮ࠖࣝࢣࢫ㛫✵ࠕࠋࡿ࠶

࣮ࢣࢫ࡚࠸⏝ࢆᡂศศ㞳ᡭἲࡿࡁᐃ࡛≉ࢆࢫࢭࣟࣉ㝆㞵ὶฟ࡞せࡢὶᇦෆࡽࡳࡢࢱ࣮ࢹ 

ࢆゎ᫂ࡢⓎ⌧せᅉࡢ౫Ꮡᛶ࣮ࣝࢣࢫ㸪✵㛫ࡋᢕᥱᐈほⓗࢆ㝆㞵ὶฟᶵᵓࡿࡍኚ࡚ࡌᛂࣝ

┠ᣦࠋࡍ 
 

2. ᪉ἲ�

2.1 ᑐ㇟ὶᇦࡧࡼ࠾⏝ࢱ࣮ࢹ�

ᮏ◊✲ࡣᮾᆅ᪉ࡢ➨୍⣭Ἑᕝ 13 ὶᇦࢆᑐ㇟

ᅗ-1ࠋࡿ࠸࡚ࡋ ࠋࡿ࠸࡚ࡋ♧ࢆほ Ⅼࡢᑐ㇟ὶᇦࡣ

ὶᇦ㠃✚ࡢࢆࡉࡁẚ㍑ࡿࢀࡵࡓ࠸ࡓࡋ⠊ᅖ࡛

ࡿ࡞␗ࡀࡉࡁὶᇦ㠃✚ࡢほ ᡤࢆ㑅ᐃࡋ㸪ᅜᅵ

㏻┬ࡢỈᩥỈ㉁ࡽࢫ࣮࣋ࢱ࣮ࢹ㛫ὶ㔞ࢱ࣮ࢹ

ྲྀᚓࠋࡓࡋ㛫ὶ㔞ࡣࢱ࣮ࢹ༢ࢆ mm h-1 ࡋኚ

࡚⏝ࠋࡓࡋ 
�

2.2 ᡂศศ㞳�

ᮏ◊✲࡛ࡣ㸪ὶ㔞ࢆ᪥㔝 㛗࣭㇂㒊(1985)ࡀᥦࡓࡋ

ᡭἲ࡚࠸⏝ࢆᡂศศ㞳ࠋࡓࡋὶ㔞ࡢᡂศศ㞳࡛ࡣ㸪

ᅗ-2ࡎࡲ ㏴ῶ㒊ࡢὶ㔞ࡓࡋ♧⾲ᑐᩘ∦࠺ࡼࡢ

ศࢆഴࡢᩘ「ࡿ࡞␗ࡢࡁ┤⥺㒊࡛⾲⌧ࡢ⥺┤ࠋࡓࡋ

ഴ୍ࡀࡁ␒ᑠࡓࢀࡉ⌧⾲ࡃࡉ⠊ᅖࡢὶ㔞ࢆࢱ࣮ࢹ

ᢳฟࡋ㸪ᣦᩘ㏆ఝࠋࡓࡗ⾜ࢆᣦᩘ㏆ఝ࡛ᚓࡿࢀࡽᘧ

ᅗ-1 ᑐ㇟ὶᇦࡢほ Ⅼ⨨ 
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ࢀࡽᘧ(1)࡛ᚓࠋࡿ࡞࠺ࡼࡢᘧ(1)ࡣ

㏴ῶಀᩘࡓ a ࡿࡍ௦ධᘧ(2)ࢆ್ࡢ

ᐃᩘࡢ㏴ῶ㒊ศࡢὶ㔞ࡢࡑ࡛ࡇ

TFࢆ⟬ฟࠋࡓࡋᐃᩘTFࡢỴᐃࡢ㝿

㸬ලయࡓ࠸⏝ࢆ㸪Ⳣ㔝࣭ᶓᑿ (2015)ࡣ

ⓗࡣ㸪⟬ฟࡓࡋᐃᩘTFࢆ log5 ࡛

Ⳣ㔝࣭ࡀ್ࡓࡋᩘᩚ࡚ࡋᅄᤞධࡾ

ᶓᑿ (2015)࡛ᐃࡓࢀࡽࡵቃ⏺್ 0.5㸪
1.5㸪2.5㸪3.5㸪4.5㸪5.5 㛫ࡢ್ࡢࡢ

⨨ࡿࡍ☜ㄆࡽ࡚ࡋᐃᩘTFࢆ
Ỵᐃࠋࡓࡋ 
 
 

ܳሺݐሻ ൌ ܳ݁ݔሺെܽݐሻ� � � � � � � � � � � � � � � � � (1) 

��

ܶ ൌ ͳ ܽ�Τ � � � � � � � � � � � � � � � � � � � � � (2)�

�

⟬ฟࡓࡋTF࡚࠸⏝ࢆᘧ(3)㸪(4)ࢱ࣮࣓ࣛࣃࡾࡼc�㸪cࢆ�ồࠋࡓࡵ 
 

ܿ ൌ ሺʹǤͳ ܶΤ ሻଶ� � � � � � � � � � � � � � � � � � � (3) 
�

ܿଵ ൌ ʹǤͳଶ ܶΤ � � � � � � � � � � � � � � � � � � � � (4)�
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ồ࣮ࢱࣝࣇ್ᩘࡓࡵȦ(Ĳ)ࢆᘧ(6)௦ධࡋὶฟᡂศܳᇱࢆศ㞳ࠋࡓࡋᘧ(6)ࡢ Įࡣ㔜ࡾಀᩘ࡛ࡾ࠶㸪

ͲǤͳ  Ƚ  ͳࡢ⠊ᅖ࡛ồࡓࡵὶฟᡂศܳᇱศ㞳๓ࡢὶ㔞ࡀ�㔜࠺ࡼ࠸࡞ࡽ࡞ Į  ࠋࡓࡋㄪᩚࢆ್ࡢ
�

ܳᇱሺݐሻ ൌ ߙ σ߱ሺ߬ሻܳሺݐ െ ߬ሻ� � � � � � � � � � � � � � (6) 

�

� ᡂศศ㞳ᚋࡣ㸪యࡢὶ㔞ࡽศ㞳࡚ࡋồࡓࡵὶ㔞ᡂศࢆᘬ࡚࠸⟬ฟࡓࡋṧὶ㔞࡚࠸⏝ࢆ㸪

ḟഴࡀࡁᑠ࠸ࡉ㏴ῶ㒊ศࡽᐃᩘTFࢆồ࡚ࡵᡂศศ㞳࠾࡞ࠋࡓࡋࢆ㸪ḟࡢὶ㔞ᡂศࡢᐃ

ᩘ ܶࡢỴᐃࡿࡍ㝿ࡣ㸪ྠࡌᡂศ࠺ࡼ࠸࡞ࡽྲྀࢆ log5TFࡀ್ࡢ๓ᅇࡌྠቃ⏺್ࡢ㛫⨨

ᅗ-2 ┤⥺࡛⾲ྛࡓࡋὶ㔞㏴ῶ㒊㸦⥺✀ࡢ㐪

㸧㻌ࡿ࠸࡚ࡋ⌧⾲ࢆ࠸㐪ࡢ㏴ῶ≉ᛶ࡛࠸
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�ࠋࡓࡋ࠺ࡼ࠸࡞ࡋ

�

3. ⤖⤖ᯝ�

ᑐ㇟ὶᇦࡢヲ⣽1-⾲ࡣ 1-⾲ࡣ✲◊ᮏࠋࡍ♧ ࡢ 13 ὶᇦࢆⳢ㔝࣭ᶓᑿ (2015)࡛ᐃࡓࡵᐃᩘ

TFࡢ⠊ᅖ࡛ᡂศศ㞳ࠋࡓࡋලయⓗࡣ㸪log5 ܶࡢ್ࡢ

0.5㸪1.5㸪2.5㸪3.5㸪4.5㸪5.5 ್⏺ቃࡢ㝆㞵ὶฟᶵᵓࢆ

ࣟࣉྛࡢ㝆㞵ὶฟᶵᵓࡀ㛫ࡢ್⏺ቃࡢࡑ㸪࡚ࡵᐃ

㝆㞵ࡿࡍ⌧Ⓨ✚㸪ὶᇦ㠃࡚ࡋᡂศศ㞳࡚ࡋࢫࢭ

ὶฟᶵᵓࡢ㛵ಀ࡚࠸ࡘẚ㍑ࠋࡓࡗ⾜ࢆᅗ-3 ᅗࡽ

-6 㸪ᅗ-3ࡾ࠶㒊୍࡛ࡢᡂศศ㞳⤖ᯝࡢᑐ㇟ὶᇦࡣ 

ᅗ-4 ὶᇦ㸪ᅗ-5࠸ࡉᑠࡀ✚ὶᇦ㠃ࡣ ᅗ-6 ὶᇦ㠃ࡣ

ࡣὶᇦ࡛࠸ࡉᑠࠋࡿ࠶ὶᇦ࡛࠸ࡁࡀ✚ 5 ᡂศศ

㞳࡛ࡁ㸪࠸ࡁὶᇦ࡛ࡣ 6 ᡂศศ㞳࡛ࠋࡓࡁᅗ-7

㍈⦪ࠋࡿ࠶㝆㞵ὶฟᶵᵓ⤖ᯝ࡛ࡓࡋ⌧Ⓨࡢὶᇦྛࡣ

ࡢ log5 ୡܶࡀ್ࡣᑠ࠸ࡉὶฟࢫࢭࣟࣉ࠸㏿ࡀ㸪್

 ࠋࡿࡍᙜ┦ࢫࢭࣟࣉ࠸㐜ࡀὶฟ࠸ࡁࡀ

⾲-1 ᑐ㇟ὶᇦࡢヲ⣽ 

ᒾᮌᕝ ᡤᕝཎ 1740.00
㧗℩ᕝ ୖ㔝 344.20
㤿ῡᕝ ᷸ᘬᶫ 1858.00
ୖᕝ ㄶゼ๓ 7509.50
㬆℩ᕝ 㔝⏣ᶫ 707.00
ྡྲྀᕝ ඖ 130.00
㞝≀ᕝ 㞝≀ᕝᶫ 1240.00
Ꮚྜྷᕝ ᫂ἲ 472.00
⡿௦ᕝ ༑ᡤ 1167.40
᭱ୖᕝ ⣇㔝┠ 359.00
㉥ᕝ ୰ 695.10

㜿Ṋ㝰ᕝ 㜿ஂὠ 1865.20
㜿㈡㔝ᕝ ᑠ㇂ 868.00

ὶᇦྡ ほ ᡤ ὶᇦ㠃✚ (km²)

ᅗ-3 ྡྲྀᕝࡢᡂศศ㞳⤖ᯝ ᅗ-4 㬆℩ᕝࡢᡂศศ㞳⤖ᯝ 

ᅗ-5 㤿ῡᕝࡢᡂศศ㞳⤖ᯝ ᅗ-6 ୖᕝࡢᡂศศ㞳⤖ᯝ 
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ᅗ-7 ࠋࡿࢃࡀࡢࡿ࠸࡚ࡋኚࡀᩘࢫࢭࣟࣉࡿࡍᏑᅾὶᇦෆ࡚ࡗకቑຍࡢ✚㸪ὶᇦ㠃ࡾࡼ

ලయⓗࡣ㸪log5 ୡܶ1ࡽ log5 ୡܶ4ࡢẚ㍑ⓗ㏿࠸ὶฟࡣࢫࢭࣟࣉᑐ㇟ὶᇦ࡚ࡍⓎ⌧ࡀࡿ࠸࡚ࡋ㸪

㐜࠸ὶฟࡿ࠶࡛ࢫࢭࣟࣉ log5 ୡܶ5 ⣙ࡀ✚ὶᇦ㠃ࡣ 1000 km2 ௨ୖࡢᑐ㇟ὶᇦࡋⓎ⌧࡞࠸࡚ࡋ

ᅗ-8ࠋࡿࢃࡀࡇࡿ࠶ࡀᛶ⬟ྍࡿ࠸࡚ࡋ౫Ꮡ✚ὶᇦ㠃ࡣᩘࢫࢭࣟࣉ㸪ࡽࡇࡢࡇࠋ࠸ 

ᅗ-12ࡽ ᅗ-7ࡣ ᐃᩘࡢࢫࢭࣟࣉྛࡢ ୡܶࢀࡒࢀࡑࢆ༢య࡛ぢࡢࢫࢭࣟࣉࡢࠋࡿ࠶࡛ࡢࡶࡓ ୡܶࡶ

ᅗ-12 ྛὶᇦࡢ ୡܶ5 ࡢᅗ-11 ྛὶᇦ ್ࡢ ୡܶ4  ್ࡢ

ᅗ-10 ྛὶᇦࡢ ୡܶ3 ࡢᅗ-9 ྛὶᇦ ್ࡢ ୡܶ2  ್ࡢ

ᅗ-7 ὶᇦ㠃✚Ⓨ⌧ࡢᩘࢫࢭࣟࣉࡿࡍ㛵ಀ 

�

ᅗ-8 ྛὶᇦࡢ ୡܶ1  ್ࡢ
�
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ὶᇦ㠃✚ࡢቑຍకࡀ್࡚ࡗኚࡿ࠸࡚ࡋഴྥࡣぢࠋࡓࡗ࡞ࢀࡽ 
 

4. ⪃⪃ᐹ�

� Kalma & Sivapalan (1995)ࡀሗ࿌ࡓࡋ㝆㞵ὶฟᶵᵓ࣮ࣝࢣࢫࠕࡿࡅ࠾ၥ㢟ࠖࡢ࡚࠸ࡘ᪤Ꮡ

㸪ࡋウ᳨ࢆ㛫௦⾲ᛶ✵࡚࠸⏝ࢆࢱ࣮ࢹἙᕝὶ㔞ࡣ㸪Woods et al. (1995)ࡤ࠼ࠋࡿ࠶ࡃከᩘࡣ✲◊

௦⾲せ⣲㠃✚(REA)ࡣ 1 km2 ⛬ᗘࠋࡿ࠸࡚ࡋ♧ࡿ࡞ࡶ㸪Gomi et al. (2006)ࡣ᭷ᶵ≀⏕⏘

㔞࡚࠸⏝ࢆ㸪Asano & Uchida (2010)⃰࢝ࣜࢩࡣᗘྠ࡚࠸⏝ࢆᵝࡢሗ࿌ࡋࡋࠋࡿ࠸࡚ࡋࢆ㸪ࡇ

ࢫ✵㛫࠺ࡼࡢ✲◊㸪ᮏࡾ࠶࡛ࡾࡤࡢࡶࡓࡋ㇟ᑐࢆ㉁㔞≀✚ὶᇦ㠃ࡣ✲◊᪤Ꮡࡢࡽࢀ

ࡣࡢࡶࡿ࠸࡚ࡋ㇟ᑐࢆ࣮ࣝࢣ Blöschl & Sivapalan (1995)௨እሗ࿌ࡃ࡞࠸࡚ࢀࡉ㸪ࡇࡇᮏ◊

 ࠋࡿ࠼⪄ࡿ࠶ࡀ᪂つᛶࡢ✲
� ᮏ◊✲ࡣ㸪ᮾᆅ᪉ࡢ➨୍⣭Ἑᕝࡢὶ㔞ࡽࡳࡢࢱ࣮ࢹせ࡞㝆㞵ὶฟᶵᵓࢆ≉ᐃ࡛ࡿࡁ᪥

㔝࣭㛗㇂㒊 (1985)ࡢᡂศศ㞳ࢆ⏝࡚ࡋ✵㛫࣮ࣝࢣࢫ౫ᏑᛶࡢⓎ⌧せᅉࢆゎ᫂ࠋࡔࢇ⤌ࡾྲྀ

ᡂᯝ࡚ࡋὶᇦ㠃✚ࡢቑຍక࡚ࡗせ࡞㝆㞵ὶฟᶵᵓࡢᩘࢫࢭࣟࣉࡢኚࢆ☜ㄆࡀࡇࡿࡍ

ࢀࡑࡀࡿ࠶ࡶ࠸㐪ࡢ✚ὶᇦ㠃ࡣ㐪┦ࡢὶฟ≉ᛶࡢ㸪ᑐ㇟ὶᇦࡣ࡛᪥㔝࣭㛗㇂㒊 (1982)ࠋࡓࡁ࡛

௨ୖὶᇦࢆᵓᡂࡿ࠸࡚ࡋᆅ㉁ᆅᙧᵓ㐀ࡢ㐪ࡢࡶࡿࡼ࠸᥎ᐹࡋࡋࠋࡿ࠸࡚ࡋ㸪ᅗ-6 ⤖ࡢ

ᯝࢆぢࡿ㝈ࡾ㸪せ࡞㝆㞵ὶฟᶵᵓࡢኚࡣὶᇦ㠃✚ࡶ࡞ࡁせᅉྍࡿ࠸࡚ࡗ࡞⬟ᛶ࠶ࡀ

 ࠋࡿ࠼⪄ࡿ
� ᮏ◊✲ࡢ⤖ᯝࡣ㸪ᑐ㇟ὶᇦࡢ㠃✚᭱ࡀᑠ࡛ 130 km2㸪࡛᭱ 7509.5 km2 ࠋࡿ࠶ᡂᯝ࡛ࡢ㛫ࡢ

✚㸪ὶᇦ㠃ࡀᯝ⤖࡞࠺ࡼࡢࡇ 100 km2 ௨ୗཬࡧ 10000 km2 ௨ୖࡢὶᇦ࡛ྠࡶᵝ࡞⤖ᯝࢆᚓࢀࡽ

㸪20ࡤࢀ ᖺ㛫⤒㐣࡚ࡵึ࡚ࡋ Blöschl & Sivapalan (1995)ࡢጇᙜᛶࢆ㆟ㄽ࡛ࡿ࡞࠺ࡼࡿࡁ⪃

ࣛࣃࡸᩘࢫࢭࣟࣉ࡞せ࡞ᚲせᵓ⠏ࣝࢹ㝆㞵ὶฟ࡛ࣔࡅࡔࡿࡍỴᐃࢆ✚㸪ὶᇦ㠃ࡓࡲࠋࡿ࠼

 ࠋࡿ࠼⪄ࡿ࡞࠺ࡼࡿࡁỴᐃ࡛ࢆ್ࡢࢱ࣮࣓
�

5. ⤖ㄽ�

� ᮏ◊✲ࡣ㸪Ἑᕝὶ⏝ࡢほ ࡽࡳࡢࢱ࣮ࢹせ࡞㝆㞵ὶฟᶵᵓࢆ㏫᥎ᐃ࡛ࡿࡁ᪥㔝࣭㛗㇂㒊 

ᯝ⤖ࠋࡓࡋᣦ┠ࢆࡇࡿࡍゎ᫂ࢆⓎ⌧せᅉࡢ౫Ꮡᛶ࣮ࣝࢣࢫ㛫✵࡚ࡋ⏝ࢆᡂศศ㞳ࡢ(1985)

ࡁ࡛ࡀࡇࡿࡍㄆ☜ࢆኚࡢᩘࢫࢭࣟࣉࡢ㝆㞵ὶฟᶵᵓ࡞せ࡚ࡗకቑຍࡢ✚ὶᇦ㠃࡚ࡋ

㸪ᮏ◊✲࡛ゎᯒࡣᚋࠋࡓࡗ࡞ࡽ⮳ࡣゎ᫂ࢆⓎ⌧せᅉࡢ౫Ꮡᛶ࣮ࣝࢣࢫ㸪✵㛫ࡋࡋࠋࡓ

᳨ࢆ㸪Ⓨ⌧せᅉ࡛࠼࠺ࡓࡋㄆ☜ࡿࢀࡽᚓࡀᯝ⤖ࡢ㸪ྠᵝࡋゎᯒࢆἙᕝࡢ✚ὶᇦ㠃࠸࡞࠸࡚ࡋ

ウࡿࡍᚲせࠋࡿ࠼⪄ࡿ࠶ࡀ 
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