
����� Tuni��	
��
����
��
����� 

 

����� ���� ��  !�

����� ��"��#$%� &'� (�

)*�*+,�-��� ./01� 2�34�

 

56 789
�
:;<=>?7@AB�CD�EFG
�HIJFKLM
�NOPQ�RSTU
6

VW�XY7Z[V\]^_`a`MVbT�NOcdIef
ghijKLM
6kl

��*m-`V�nopq7Z_` 5,000mr:
stuZ����Cvwx�yz{|-

�}~O��gO�LM
6���a�OM�����T^pq������
\]��

���Z�����I���
�gaTN
 1)6u�upq���
\]��O����P

Qa��
���a�LD
6{|-�g:�� /�/¡�T7:;E¢�£B�¤K


g^O¥z�b�¦§V�¨©
\]��ª~7«¬uLM
F9�­��®¯7°±

�²QTU
6 

{|-�g /�/¡�����RS
 Tuni ��	aU
6<=>?�cdTpqa�

�uZ��	���g�³�>Ya>Y�
�ga´µjKLM
6�³>YI¶·�


¸TZ�³¹º�»¼
��a�ND�½�
F9<=>?
\
�����>YI¾¿

�
À~aU
6ÁÂT7ÃÄ¾¿
�ML�M
��	�����Åm/�ÆÇÈÉ


SMLÊË�
6 

 

Ì6 ÍÎÏ#$ÐÑ�Ò~�
Tuni��	7Z{|-�����Ó
Ô 30km
ÕÖ�
Z{|-×��Ø�����I

ÙÚ
ÛÜjKFÝÞ��	TU
6ß��à�7 24.7×10
6
m

3TZáâ 1m
3
/s��I /�

/¡�ã�ä�å×æ
çèIéFuLM
6��	�êëìb7Z�����
7ía

îgïð��ñZò��
Vó^MDS�st�
ô�õVTU
6¤�F9pqa��

guLéF�çè7�NM6öã�÷øÚO���ùú���\û�Õ>?IÈ¿�
F

9
üýþ��È(Onset Computer �� 34+��¡ v2)g�ÕÈ(Onset Computer �� 

HOBO U20 �����,	/1
�)I��	����
ÜÖuF6È¿��7 2010 ; 9


 21��� 2011; 8
 27�TZ1�����È¿I��F6��È7�����jÐ�


 1m��TÜÖuF6�ÕÈ7�[�Õr:
��
\¥
ÜÖuF6�-1 
 Tuni ��

	ìb�Ò�gÈ¿VóI��6 

�����ÈÉ7Z��ÚO����IR�g���
ùúR�������Åm/I

* Numerical simulation of water temperature distribution in Tuni reservoir, by Keisuke Tani, Makoto Umeda and 

Marcelo Gorrity 

東北地域災害科学研究　第48巻（2012） 231



�-1� Tuni��	ìb�Ò�gÈ¿Vó 

outin QQ
dt
dV

��

�MF6ì��7� :D
ìK
g��uZ!"a�NM�a¸� 
U
å#7¸$

� �%&
'#�
guF6�

����()7*$�þTÈÉjK
6 

��TZV7���(m
3
)ZQin7ì��(m

3
/s)ZQout7+ì�(m

3
/s)I��6�K
\]ö��

ÕaÈÉjK
6�

<,-.
\
��T�n() S7*$�þTÈÉjK
6 

S = (1/ref)��0/�e/�c/�ra 

��TZref7��012Z�7��3(2Z�07�1�(kcal/m
2
/day)Z�e74n(kcal/m

2
/day)Z

�c75n(kcal/m
2
/day)Z�ra767+1(kcal/m

2
/day)TU
64n�\û5n7*$� Rohwer

�þI�MLÈÉuF6�

�e8�c = (0.00030880.00015U)9(es/H ea)  Lv8Cw Ts8
269.1(Ts/Ta)

 (es/W ea)
 

��TZU 7:;(m/s)Zes7� ��
<=�
>?@<A(mmHg)Zea7<�
<=�


>?@<A(mmHg)ZH7<BC"ZLv7@©�4n(kcal/Kg)ZCw 7DnZTs7� ��(E)Z

Ta7<�(E)TU
6esZeaZLv7*$�þI�MLF9F6O�*$�þ� esZea�GÕ7

hPaTU
6 

es = 6.112exp 
17.67Ts 

 Ts 8243.5
 

ea = 6.112exp 
17.67Ta 

 Ta 8243.5
 

Lv = 595.9/0.54Ts 

 

(1)

(2)

(3)

(4)

(6)

(5)

qH�

I�

öJ�

pq�

��È¿Vó�

��ÈÏ�ÕÈ

ÜÖVó�

232



67+17*$� Swinbank�þI�MLÈÉuF6 

�ra = 0.97k{Tw
4/0.937K10

-5KTa
6
(1.080.17Cd

2
)}  

��T k7 Bolzman��(kcal/m
2
/day)ZTw7����(K)ZTa7<�(K)ZCd7L�TU
6 

�BT��1�MN7*$� Lambert-Beer�þI�MLÈÉuF6 

�z = (1/ref) (1/�) �0exp(/�z)  

��TZ�y7�" z(m)
��
�1�(kcal/m
2
/day)Z�7�O½�TU
6|{P�� refZ

�Z���7Z¤KQKRRÚ
�M�K
 0.06Z0.5Z0.5guF6 

STU,�SV*×��Wm��7Z��	�_`á�XYZì���Zì���Z<

,-.Z<�Z�1�Z:;ZC"ZL�[TU
6<,m��7Z����g����

�)*�*+,�-���\#$](IHH/Instituto de Hidraulica e Hidrologia/)a^_T

Tuni��	�`
�MLÈ¿uFm��aZ2011; 6
�� 10
¸a�<�Z�1�Z:

;ZC"
SMLb�KF6��<,�c¿
7 HOBO U30-NRC m��1
�(Onset 

Computer ��)I�MF6ödT�È¿m��aOM^�
�uL7Zxe<,�fgh

(SENAMHI/Servicio Nacional de Meteorologia e Hidrografia/)a /�/¡xijk
�M

Lá�È¿uLM
<�Z:;ZC"ZL��m�� 2)Il�uF6��¿�Vó7{|-

���Ô 30kmmKL�]ZTuni��	\]^_`aÔ 350m[M6¤�F9<�7_`n

oI�MZ2.2EpMF�IÈÉ
�MF6u�uì��Zì���Z�1�
�uL7q

�O��m��Ib�KO��FF9Zm���r�I�MÉ��
�g
uF6  

ì��7(1)þ��½I�MLZ1��á�����>Y�gs���t��É�uF6s

��7��	u\v�wÊ��x
 1m
3
/sg��uF6ì���7ZTuni��	T 2009;

(7)

(8)

0

100

200

300

400

500

�
�
�

(w
/m

2
)

0

2

4

6

8

�
�

(m
/s

)

�4

0

4

8

12

�
�

(	
)

0

20

40

60

80

100



�

(�
)

0

20

40

60

80

100



�

(�
)

�-2� STU,�SV*
�WuF<,m��(2010; 9
y2011; 8
) 

10��   11��  12��    1�� �  2�� �  3�    4�� �  5�� � � 6��  � 7�� �  8��
Month �

233



12
g 2011; 9

¿�uFì�¢r:���m����zuZ;����IR�g��

uLef
�g
uF6�1�7Z{¿�aU
 2011; 6
�� 8
���T�|��Z

L�ZC"Z�����}~���I�MZ�1��r�þIF9F6 

� STU,�SV*
�WuF<,m��I�-2
��6�

 

�6 �ég���
��	
��
����>Ygr�uFì��I�-3Z���È¿�é�\ûì���g

uL�M
����z�I�-1Z�1�Ir��
i
�MFm���\û�1��{¿�

g¾¿�ID�uF�{�I�-4
��6}~���I��F�éZb�KF�1��¾

¿þ7*$
��6 

�0 = 114.3N0/0.4 Cd/1.1 H/5.3W/1002.8 

��TZN07�|��TU
6}~���
\]b�KF��½� R
27 0.53TU
6 

����Åm/I�MLùú�����ÈÉI��F�éZ2010; 9
�� 2011; 8


���T�ÈÉ�I�-5ZTuniT�c¿m��aU
 2011; 6
�� 2011; 8
���T

�ÈÉ�I�-6
Z¤KQK{¿�g��L��6 

Vó� ÍÎ�� ��� ���

A:TuniHì�¢ 2009/12/2 11:55 10.5E 

2011/9/21 14:45 11.5E 

B:Tuni-Condoriri�I��ì�¢ 2011/9/21 10:45 6.0E 

C1: Tuni-HuaynaPotoshi�I��ì�¢ 2009/12/2 12:25 10.8E 

C2: Tuni-HuaynaPotoshi�I��ì�¢ 2011/9/21 14:45 14.7E 

2011/9/22 15:10 15.9E 

2011/9/25 10:40 9.2E 

¸ý�m����z�   11.2E 

10��  11��  12�   1�   2�    3��  4�� � � � 5�  6��   7�    8��

�-3� ��	
��
����>Ygr�uFì��(2010; 9
y2011; 8
) 

Month �

(9)

0
1
2
3
4
5
6
7

�
�
�

(m
3
)

1

2

3

[�10
+7

]

�
�
�

(m
3
)

�-1� ��È¿�ég�z� 

234



6�� � � � � � � � � � � � � � �    7� � � � � � � � � � � � � � � � 8�

�-4� �1��r�þ§¼
�MF<,m��gr�þ��F9F�1� 

 (2011; 6
y2011; 8
) 
������

6�� � � � � � � � � � � � � � �  7� � � � � � � � � � � � � � 8�

�-5� ����(2010; 9
y2011; 8
)  

�-6� ����(2011; 6
y2011; 8
) 

 

 

 

� �  

 

 

 

 

0

100

200

300

�
�
�

(w
/m

2
)

11

12

�
�
�
�

(h
)

0

20

40

60

80

100



�
�
�
�

0

20

40

60

80

100



�
�
�
�

0

1

2

3

4

5

�
�
�

(m
m

)

Month �

������

4430 

4420 

4410 

4430 

4420 

4410 

4430 

4420 

4410 

4430 

4420 

4410 

10�� 11�� 12�   1�   2�   3�� 4�� � � � 5� 6�� 7�   8��

Month �

Month �

{¿��

¾¿��

235



{¿�é\]ZTuni��	7�D�jM��¼ u�»¼uOM�ga���F6;�

I�uL���>Ya�jM�g^��ÚTU
6;�TÈÉuF�éZ12
�� 5



��L���� 10m������a{i���\]^ 2y4E`DO�F6Tuni�c¿m�

�aU
��T�ÈÉT^ 1y2Eîð��a`DO
��a��KF6�K7STU,�

SV*
�WuFì���a{i\]^`MZ^uD7ö�n()������IÈÉT

q�
�ÇuNKLMOM�ég��K
6 

 

�6 ��]
�
Tuni ��	
��
�fm���<,m��aÇ��T7q�
b�KLMOM��T

U
aZ�FOwÊa�
�]��STU,�SV*×��Wm��I\]{i
:M^

�
uLMNÆÇÈÉ��"I�¸j�LMNFM6�F Tuni ��	���á���>Y

a�OM��IÆÇ�

7n()�öã���ì?
��
ÈÉI�úuLÅm/I�

 uLMDÀ~aU
6 

 

¡¢£Á#$7 JST/JICAVW¤¥²QB¦xi%�§¨gW©�ªpq��
B�
�­

�u\«¦¬Åm/�¨©­�¼é�R�TU
6��
ýuL�½®Õ
¡¯I��
6  

 

°�f± 

1) Rocío UrrutiaZMathias Vuille£Climate change projections for the tropical Andes using a 

regional climate model£emperature and precipitation simulations for the end of the 21st centuryZ

JOURNAL OF GEOPHYSICAL RESEARCHZVOL. 114ZD02108Z15PP.Z2009 

2) Senamhi HPZhttp://www.senamhi.gob.bo/ 

 

236


