
:DWHU� EDODQFH� DQDO\VLV� LQ� WKH� 3DQDPD� &DQDO� FDWFKPHQW� ZLWK� VDWHOOLWH� UHPRWH� VHQVLQJ� DQG�
JHRJUDSKLF�LQIRUPDWLRQ�GDWH�E\�6DWRVKL�*RGR��<RVKLKLUR�$VDRND��DQG�/XFDV�&DOYR��

ேᕤ⾨್ᫍᩘᆅᅗሗ࣐ࢼࣃࡓ࠸⏝ࢆ㐠ἙὶᇦࡢỈᨭゎᯒ�

�

᪥ᮏᏛᕤᏛ㒊ᅵᮌᕤᏛ⛉� ⚄ᡞ�ᬛᚿ�

᪥ᮏᏛᕤᏛ㒊ᅵᮌᕤᏛ⛉� ᮅᒸ�Ⰻᾈ�

7HFKQRORJLFDO�8QLYHUVLW\�RI�3DQDPD� /XFDV�&DOYR�

��� �ࡵࡌࡣ
� ኴᖹὒࡓࢀࡉᘓタ1914ᖺࡣ㐠Ἑ㸦ᅗ1㸧࣐ࢼࣃ

⤒ࡢඹᅜ࣐ࢼࣃࠋࡿ࠶࡛ࣛࣇࣥࡪ⤖ࢆすὒ

῭┈ࡢ㒊ศࢆ༨ࡃ࡞࡛ࡅࡔࡿࡵ㸪ୡ⏺ࡢ㈠᫆

80km㸪᭱ࡣ⯟㊰ࡢ㐠Ἑࠋ࠺ᢸࢆ㔜せࡶ࡚࠸࠾ 㧗Ⅼࡣ

ᾏᢤ26m࠺࠸ᆅᙧ᮲௳ࡾࡼ㸪Ỉ㊰ࡢỈࢆẁ㝵ᘧ

Ỉ⏝ࡢ㐠Ἑࠋࡓࢀࡉ⏝㐺ࡀ㛮㛛ᘧ㐠Ἑࡿࡏࡉኚ

ࢼࣃࡣ†ࣥࢺ࢞ࡓࡲ㸪ࢀࡉ⤥౪ࡽ†ࣥࢺ࢞ࡣ

ࡉ⏝ࡶά⏝Ỉ㸪℺₅⏝Ỉ㸪ỈຊⓎ㟁⏕ࡢᕷ࣐

ࡀῬỈ࣭ὥỈ࡚࠸࠾†ࣥࢺ࢞㏆ᖺ㸪ࠋࡿ࠸࡚ࢀ

Ⓨ⏕ࠋࡓࡋ㏻ᖖ㸪Ꮨ1ࡣ᭶4ࡽ᭶4ࣨࡢ᭶ࡿࡓࢃ

ࢀࡉ ほࡰࡀ㝆㞵࡚ࡗࡓࢃ5ࣨ᭶ࡣ㸪2019ᖺࡀ

グࢆᑠ᭱ࡀ㝆㞵ࡢ㐠Ἑ㛤㏻௨᮶㸪ᮇࡢ㸪1914ᖺࡎ

㘓ࠋࡓࡋ㐠Ἑࡢ⏝ไ㝈క࠸㏻⾜ᩱࡿࡼධᩘࡀⓒࣝࢻῶᑡࠋ୍ࡓࡋ ᪉࡛㸪2010ᖺ12᭶1972ࡣᖺ௨㝆

グ㘓24ࡓࢀࡉ㛫㞵㔞᭱ࡢ್2ࡢಸ┦ᙜࡿࡍ㞵㔞ࡀグ㘓ࢀࡉ㸪ᴟ್ゎᯒࡿࡼ⌧ᮇ㛫㸦ࣜࢻ࢜ࣜࣆ࣮ࣥࢱ㸧

 ࠋ(2 ,(1ࡿ࠸࡚ࢀࡉሗ࿌2000ᖺ௨ୖࡣ
᳃ᯘࡿࡼᨻᗓ㸪2000ᖺ௨㝆ࡀࡓࡋῶᑡࡀ✚᳃ᯘ㠃࠸కᣑࡢ㎰ᴗ⏿↝ࡢ1990ᖺ௨㝆ࡣ㐠Ἑὶᇦ࡛࣐ࢼࣃ

ಖㆤᨻ⟇ࢀࡽࡀ㸪᳜ᯘᆅࡀቑຍഴྥࡵࡓࡢࡑࠋࡿ࠶㸪ᅵᆅ⏝ࡢኚక࠺Ỉᩥ㐣⛬ࡢ㑄⛣ࡓࡋ┠╔◊✲

㝆㞵㸪ᯘෆࡢ㸪ᑠὶᇦࡋᐇࢆ Ỉᩥほ࡚࠸࠾ᖏ㞵ᯘᖏ⇕ࡢὶᇦෆࡣ Justin et al. (2012)ࠋࡓࡁ࡚ࢀࡉᐇࡀ

㞵㸪ᶞᖿὶ㸪Ⓨᩓ㸪Ἑᕝὶ㸪Ỉᨭࢆホ౯ࠋࡓࡋOgden et al. (2013) ࡣ㸪ḟᯘ㸪∾ⲡᆅ㸪㎰ᴗᆅᖏࡓࡗ࠸

ᅵᆅ⏝3ࡿ࡞␗ࡀ✀㢮ࡢ㞟Ỉᇦࡢὶฟ≉ᛶࢆẚ㍑࡚ࡋ㸪ḟᯘࡢ㞟Ỉᇦࡣࡢᅵᆅ⏝ࡀᨭ㓄ⓗ࡞㞟Ỉᇦࡶࡾࡼ

ὥỈࢡ࣮ࣆࡢὶ㔞ࢆῶᑡࡋ㸪Ꮨࡢᇶᗏὶ㔞ࡀ㇏ᐩࠋࡓࡋ♧ࢆࡇࡿ࡞Park and Cameron (2008)� 㐠Ἑࡣ

ὶᇦෆ᳜ࡢᯘᆅ᳜᱂4ࡓࢀࡉ✀㢮ࡢᅾ᮶ᶞ✀1✀㢮ࡢእ᮶ᶞ✀ࡢᶞᖿ㐽᩿㸪ᯘෆ㞵㸪ᶞᖿὶ࡚࠸ࡘẚ㍑ࡋ㸪

㞵ࡿࡼᅵተᾐ㣗ࢆ⦆ྍࡿࡍ⬟ᛶࢆᣦࠋࡓࡋ 
Ẽೃኚື㛵ࡿࡍᨻᗓ㛫ࡢࣝࢿࣃሗ࿌᭩6)ࡣ㸪Ẽೃኚືࡢ㢧ᅾక࠸ῬỈ࣭ὥỈ㢖ᗘࡀ㧗ࡿ࡞ࡃᆅᇦࢆࡇࡀ

ᣦ࣐ࢼࣃࠋࡿ࠸࡚ࡋ㐠Ἑࡶ࡚࠸࠾Ẽೃኚືࡢ㐺ᛂ⟇᳨ࢆウࡵࡓࡿࡍ㸪ᚋࡢẼೃኚືࢆ⪃៖ࡓࡋῬỈ࣭ὥ

Ỉ㢖ᗘࡢ᥎ィࡀᚲせࡢࡇࠋࡿ࠸࡚ࢀࡉⅬຍ࡚࠼㸪㐠Ἑࡢὶᇦ࡛ୖࡣ㏙ࡢᅵᆅ⏝ኚ㛵ࡿࡍỈᩥ㐣⛬ࡢ㑄

⛣㸪ὶᇦࡢࡽᅵ◁⏕⏘ࡿࡼ㈓Ỉụෆࡢሁ◁క࠺᭷ຠ㈓Ỉ㔞ࡢపୗࡓࡗ࠸ၥ㢟ࢆᢪࡢࡽࢀࡇࠋࡿ࠸࡚࠼ၥ

㢟ᑐ࡚ࡋໟᣓⓗᑐᛂࡶࡵࡓࡿࡍ㸪ὶᇦෆࡢἙᕝὶ㔞ࢆ᥎ᐃࡿࡍὶฟࣔࡢࣝࢹ㛤Ⓨࡀᚲせࠋࡿ࠸࡚ࢀࡉᮏ�

�

ᅗ 1 䝟䝘䝬㐠Ἑὶᇦ 
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㻌

�

�
≉ὶฟࡿࡼỈᨭゎᯒࡢ㐠Ἑὶᇦ࣐ࢼࣃ㸪࡚ࡋ✲◊ᇶ♏ⓗࡢᵓ⠏ࣝࢹὶฟࣔࡿࡅ࠾㐠Ἑὶᇦ࣐ࢼࣃࡣ✲◊

ᛶࡢホ౯ࢆ┠ⓗࠋࡿࡍ�
�
��� ᑐ㇟ᆅᇦ�
3319km2࡛ࡣ✚ὶᇦ㠃ࡢ㐠Ἑὶᇦ(ᅗ1)࣐ࢼࣃ ࡓࢀࡉᘓタ࡚ࡵṆࡁሖࢆἙᕝࡢᩘ「ࡣ†ࣥࢺ࢞ࡢὶᇦෆࠋࡿ࠶

ே㐀ࠋࡿ࠶࡛†࣒ࢲ㈓Ỉụࡢ㠃✚425ࡣkm2㸪Rio Chagres㸪Rio Gatun㸪Rio Cir Grande㸪Quebrade Lobracita
50.2km2࡛ࡣ✚㠃ࡢ㸪㈓Ỉụࡾ࠶ࡀ†࢚ࣛࣇࣛࡣὶୖࡢ†ࣥࢺ࢞ࠋࡿࡍὶධ†ࣥࢺ࢞ࡀ ࣇࣛࣛࠋࡿ࠶

MCD12Q1ࢺࢡࢲࣟࣉ⏝ᅵᆅࡢMODIS⾨ᫍࠋࡿ࠸࡚ࢀࡉ⏝Ỉ⏝ࡢ㐠Ἑ࣐ࢼࣃ㸪ࡾ࠶࡛†࣒ࢲே㐀ࡶ†࢚ࣛ
㸦✵㛫ศゎ500ࡢm㸧ࡿࡼ㸪2001ᖺ2010ࡽᖺ10ࡢᖺ㛫ࡢᅵᆅ⏝㸦ᅗ2㸧ࡢኚࡣ㝈ᐃⓗ࡛㸪ᐦᯘᯘࡀ

ὶᇦ㠃✚ࡢ⣙88%ࢆ༨ࠋࡿࡵ 
�
�㸬◊✲ᡭἲཬࢺࢵࢭࢱ࣮ࢹࡧ�
����◊✲ᡭἲ�
� �ࠋࡓࡋฟ⟭࡚࠸⏝ࢆᘧ���ࢆ⋠ὶฟࡢ㐠Ἑὶᇦ࣐ࢼࣃ

ὶฟ⋡� ሺΨሻ�㸻� ὶฟ㔞

㝆㞵㔞ൈὶᇦ㠃✚
ൈ ͳͲͲ ሺͳሻ�

�

�ࢺࢵࢭࢱ࣮ࢹ����
� ᑐ㇟ᆅᇦࡢὶᇦ⏺Ἑᕝࢆࢱ࣮ࢹHydroSHEDSࡽᢳฟࠋࡓࡋHydroSHEDSࡣୡ⏺⮬↛ಖㆤᇶ㔠(World 
Wide Fund for Nature, WWF)ࡀබ㛤ࡿࡍ⌫つᶍࡢỈᩥᆅᙧࠋࡿ࠶࡛ࢱ࣮ࢹὶᇦ⏺ࢺࢡࢲࣟࣉ

㸦ca_bas_15s_beta_ud㸧Ἑᕝࢺࢡࢲࣟࣉ㸦ca_riv_15s㸧࣮ࢱࢫࣛࡣᙧᘧ࡛ᩚഛࢀࡉ㸪✵㛫ศゎ⬟ࠋࡿ࠶࡛⛊15ࡣ

㝆㞵㔞ࡣJST-CRESTࡸJAXA㝆Ỉほ ࡚ࡗࡼ࣒࣮ࢳࢫ࢚ࣥࢧ㛤Ⓨࢀࡉ㸪JAXA/EORC࡚ࡗࡼᥦ౪ࡓࢀࡉ⾨

ᫍ⌫㝆Ỉࣉࢵ࣐(Global Satellite Mapping of Precipitation, GSMaP) 8)ࡢᶆ‽∧ࢺࢡࢲࣟࣉ㸦GsMAP MVK㸧ࢆ

⏝ࠋࡓࡋGSMaPࡣ㛫ศゎ⬟1㛫㸪✵㛫ศゎ⬟0.1ᗘ࡛ࡓࡲࠋࡿ࠶㸪GSMaPࢆࢱ࣮ࢹࡢ⿵ṇ࣐ࢼࣃࡵࡓࡿࡍ

ඹᅜࡢ㟁ຊ♫ETESA㸦Empresa de Transmisión Eléctrica㸧ࡀබ㛤ࡿࡍTocumenほ Ⅼ㸦ᅗ1㸧ࡢᆅୖほ 

㞵㔞ࢆ㞟2011ࠋࡓࡋᖺࡿࡅ࠾Tocumenほ Ⅼࡢᖺ㛫㞵㔞2166mmGSMaPࡢTocumenほ Ⅼࢵࣜࢢࡴྵࢆ 

�
ᅗ 2 ᅵᆅ⏝ᅗ㻌 (ᕥ:2001 ᖺ,㻌 ྑ 2010 ᖺ) 
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㻌

�

�
ᅗ 4㻌 ᖺ༢䛾㝆㞵㔞䛸ὶฟ㔞 

�

ᅗ 3 㝆㞵㔞䝕䞊䝍䛾ẚ㍑ 
䠄Toccumen ᆅⅬ䠈2011 ᖺ䠅 

�

���

���

���

���

�
᭶

�
᭶

�
᭶

�
᭶

�
᭶

�
᭶

�
᭶

�
᭶

�
᭶

�
�᭶

�
�᭶

�
�᭶

㝆
㞵

㔞
�P
P
�P
RQ
WK
� *60D3 (7(6$

ࢆṇ್⿵ࡢࢻࢵࣜࢢࡴྵࢆTocumenほ Ⅼࡓࡲࠋࡓᚓࢆṇ್1.26⿵ࡽẚ㍑(ᅗ3)ࡢᖺ㛫㞵㔞1726mmࡢࢻ

GsMAPࡢࢻࢵࣜࢢ㐺⏝ࠋࡓࡋὶฟ㔞ࡣࢱ࣮ࢹLucas (2018)ࡢゎᯒࢆࢱ࣮ࢹ⏝ࠋࡓࡋ 
�
��� ⤖ᯝཬࡧ⪃ᐹ�
� ὶᇦᖹࠋࡍ♧ᅗ5ࢆᅗ4㸪㞵㔞ศᕸᅗࢆὶฟ㔞㝆㞵㔞ࡢᖺ༢ࡢ2010ᖺࡽ2001ᖺࡿࡅ࠾㐠Ἑὶᇦ࣐ࢼࣃ

ᆒࡢᖺ㛫㞵㔞2116ࡣ mm/year㸦ᶆ‽೫ᕪ㸸435 mm/year㸧㸪᭱ᑠ2003ࡣᖺ1388ࡢmm/year㸪᭱2010ࡣᖺࡢ

3092mm/year࡛2010ࠋࡓࡗ࠶ᖺ11ࡣ᭶12᭶ࡢ㝆Ỉ㔞ࡀከࡃ㸪11᭶564mm/month㸪12᭶442mm/month ࡛ᖺ

㝆㞵㔞ࡢ⣙32%ࢆ༨ࡓࡲࠋࡓࡵᖺ㝆㞵㔞ࡢศᕸ㛵ࡣ࡚ࡋ㸪ὶᇦ୰ኸ㒊ࣥࢺ࢞ࡢ†㏆ࡢ㝆㞵㔞ࡀከ࠸ഴྥ

m3/year㸦ᶆ‽೫ᕪ㸸1.08×109m3/year㸧㸪᭱ 109×5.56ࡣᖹᆒࡢᖺὶฟ㔞ࠋࡿ࠶ ᑠ2001ࡀᖺ109×4.2ࡢm3/year㸪᭱
2010ࡣᖺ109×8.20ࡢm3/year11ࠋࡓࡗ࠶᭶12᭶ࡢከ㞵ࡾࡼ㸪ࡢࡇ㸰᭶ࡢὶฟ㔞11ࡣ᭶1.26×109m3/month㸪
12᭶3.29×109m3/month࡛㸪ᖺ㛫ὶฟ㔞ࡢ⣙55%ࢆ༨ࠋࡓࡵ 

2001ᖺ2010ࡽᖺ10ࡢ࡛ࡲᖺ㛫ࡢ᭶༢ࡢ㝆㞵㔞ὶฟ㔞ࢆᅗ61ࠋࡍ♧᭶3ࡽ᭶ࡣ㝆Ỉ㔞20ࡀmm/month
௨ୗࡾ࡞㸪Ꮨヱᙜ4ࠋࡿࡍ᭶௨㝆㞵Ꮨࡀጞࡾࡲ㸪12᭶ࠋ᭱ࡃ⥆࡛ࡲ 11ࡣ᭶ࡢ᭶㝆㞵㔞318mm/month࡛
௨ୖࠋࡿ࡞ᶆ‽೫ᕪ152mm/month11᭶ࡣ20mm/monthᮍ‶㸪㞵ᏘࡃࡉᑠࡣᏘࡶᶆ‽೫ᕪࡢ᭶ྛࠋࡓࡗ࠶

ࡡ㸪ᴫࡁ⥆ࡀపỈ≧ែࡣ4᭶ࡽ1᭶ࡶὶฟ㔞ࠋࡿࢀࡽ࠼⪄࠸ࡁࡀኚືࡢ㝆Ỉ㔞ࡢࡈᖺࡣ㸪㞵Ꮨࡾࡼ

2.00×108m3/month௨ୗ࡛5ࠋࡿ࠶᭶௨㝆ࡣὶฟ㔞ࡀᚎࠎቑຍࠋࡿࡍ᭶ὶฟ㔞᭱ࡢ11ࡣ᭶109×1.14ࡢm3/month
᭶ὶฟ㔞㸪᭶㝆㞵㔞ࡾࡼ௨ୖࠋࡓࡗ࠶㸪8.57×108m3/s࡛ࡃ㧗ࡶ᭱ࡀᶆ‽೫ᕪࡢὶฟ㔞ࡢ㸪12᭶ࡓࡲࠋࡓࡗ࠶࡛

 ࠋࡓࡋㄆ☜ࢆࡇࡿࡍ⮴୍ࡡᴫࡣഴྥࡢ
ᖺ༢ࡢὶฟ⋡ࢆᅗ7㸪᭶༢ࡢᖹᆒὶฟ⋡ࢆᅗ8ࠋࡍ♧ᖺ㛫ࡢὶฟ⋡ࡣᖹᆒ77%㸪ᶆ‽೫ᕪࠋࡓࡗ࠶࡛%18ࡣ

᭱2003ࡣᖺ124ࡢ%㸪᭱ᑠ2008ࡣᖺୖࠋࡓࡗ࠶࡛%62ࡢ㏙2003ࡾ࠾ࡢᖺࡢᖺ㛫㝆Ỉ㔞ࡣᑐ㇟ᮇ㛫10ࡢᖺ㛫࡛

᪩ࡀ⟆ᛂࡿࡍᑐ㝆㞵㸪㏫ࡾ࡞ࡃ㧗ࡀ⋠ᐤࡢὶฟᡂศ࠸㐜࡞࠺ࡼࡢ㸪ᆅୗỈὶฟࡽࡇࡢࡇࠋ࠸࡞ᑡࡶ᭱

ὶࡢ᭶༢ࠋࡿࢀࡽ࠼⪄ࡓࡗ࡞ࡃ㧗ࡀ⋠ὶฟ࡚ࡗࡼせᅉࡢࡽࢀࡇ㸪ࡃపࡀᐤࡢὶฟᡂศ࡞࠺ࡼࡢ㠃ὶ⾲࠸

ฟ⋡㛵12ࡣ࡚ࡋ᭶3ࡽ᭶ࡢ᭶༢ࡢὶฟ⋡ࢆ%100ࡣ㉺࠼㸪12᭶㸪1᭶㸪2᭶㸪3᭶ࡢὶฟ⋡183%ࢀࡒࢀࡑࡣ㸪

425%㸪136%㸪105%୍࡛ࠋࡓࡗ࠶᪉ 4࡛᭶ࡢὶฟ⋡ࡶ᭱%37ࡣపࠋ࠸Ꮨヱᙜ1ࡿࡍ᭶3ࡽ᭶ࡢపỈᮇ㛫ࡣ

ᆅୗỈὶฟࡢᐤ⋡ࡀ㧗ࡃ㸪ὶฟ⋡ࢆ100%ࡀ㉸ࡿ࠼せᅉࠋࡿࢀࡽ࠼⪄ 
�
�

41



㻌

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
��� �ࡵࡲ
� ᮏ◊✲ࡣỈᩥᆅᙧ㛵್ᩘࡿࡍᆅᅗሗHydroSHEDSࡧࡼ࠾⾨ᫍ㞵㔞ࢱ࣮ࢹGsMAP࡚࠸⏝ࢆ㸪࣐ࢼࣃ㐠Ἑὶ

ᇦࡿࡅ࠾ὶฟ⋡ࢆ⟬ฟ࡚ࡋ㸪ὶฟ≉ᛶࢆ⪃ᐹࠋࡓࡋ᭶༢ࡢὶฟ⋡ࡣᏘࢆ100%㉸ࡀࡿ࠼㸪ᖺ༢ࡢὶฟ⋡

ࡀᐤࡢὶฟᡂศ࠸㐜ࡀᛂ࡚ࡋᑐ㝆㞵࡞࠺ࡼࡢ㸪ᆅୗỈὶฟ࡚ࡋせᅉ࠸㧗ࡀ⋠ὶฟࡢᏘࠋࡿ࡞%77ࡣ

㧗ࡀࡇ࠸♧၀ࡢࡽࢀࡇࠋࡓࢀࡉⅬࢆ㋃࡚࠼ࡲ㸪ᚋ࣐ࢼࣃࡣ㐠Ἑࡢὶฟ≉ᛶ༶ࡓࡋὶฟࣔࢆࣝࢹᵓ⠏࡚ࡋ㸪

 ࠋࡿࡵ㐍ࢆド᳨ࡢࣝࢹࣔ

�

ᅗ  ᖺ㝆Ỉ㔞ศᕸࡢ㐠Ἑὶᇦ࣐ࢼࣃ 5
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