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*	�/�� 0��1
$�2�/���34�5�� 67���

8	1�9 

0,43A XXXXX  X X 

1,25A XXXXX X X X  

1,42P XXX   X 

1,67P     

2,65p XXX   X 

3,20a     

4,30p     

4,90p X    

5,30A XXXXX X X X X 

6,70p X    

7,15p X X   

8,60A XXXXX X  X 

9,60A XXXXX X  X 

10,65P XXXXX X   

13,50A XXXX X  X 

15,30p     

15,40P XXXX    

17,25A XX   X 

18,70P XXXXX    

21,30P XXXXX X   

22,30P XXXXX    

23,80P XXXXX    

24,10A XXXX    

31,50P XXXXX X   

35,55A XXXX    

36,50P XXXX X X   

50,30P XXXXX    

55,00P XXXXX    

64,50P     

78,50A X    

89,00P XX X   

94,00A X    

101,0P XX    

110,0P     

118,0P XXXXX    

150,5P XXXXX    

157,0P     

166,0P XXXXX    

175,5P XXXXX    

183,0P XXXXX    

201,0P XXXXX    

224,0P     

236,0P     

251,0P     

276,0P     

301,0P     

640,0     

������ 1 �  ������ �	
A � P  ���� �� ���	���� �
������ �������� ��! " #�$�%�� #��$��.  
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 ���!h ���- �������� ������V�U� �L "�7� ��!�O\�#  &A�� �=�V��7�- $�\�T  j(�%
'�� ��( ���= �- ���
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 ���� �A�.�=
E 7�
b�  ������&n( ��=
E $��UZO . C� ���
��# c��!h���( DR W�
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� �\�
�
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"7�� ��( �=�< �A�. .6 ���7� "
9� �������� �-
� {7�P �< ��]h��  )l�	h �( ������ .6 ������ �%����# $L
&��'��� ��
�T ."
� ������ �A� ��0 �V�U� �L "�7� ��!�O\�# (SAR)  DV'� {�\p� 72��� # C� �4�O� "���I

)"7��� .�( ���H )"
9� ��U�'=. )"�- "�7�$ L$ �V�U� �
�p� �7�H F1! ��!�O\�# ��%�A(?.  �! ��1�!
+ �d�0 {
	h �4�O� DV'� ���d 7nA� C�  ��. &n(?lE �4�O(. �.q�(h. ���=7d"  &n(?��'�%.�%.  

.�l�l� e��!6 +  )
��9 $�	"� )7\(
� &*
� ����-5  ��7a?�%:=�� e
O	. ��'�%.�% �( $�	
( )j(�%
'�( 
��Za $l�.  +26 ��'=� 2004  7n06 �U�1Zd104 000  + X:��-?�( 7n06. ��'�%.�% 5 000 X:��-  +%:=���.  + �7�.

 &A��1  ���
a "
�����!. �\�
�(  �%����# + ����Y ��1-I?��'�%.�%$�H�6 "
� j�. 5  j(�%
'� ���. &�-
26   ��'=�2004 �=74 �!  &�
'�k"h D0
0 �
* ".�� C� �UZO( "�( + .�0 "
� $�.q �-.��  $�\1'�
M ������ $�(
1�"7ah .  
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http://www.usgs.gov/.  
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�4�O� )72��� ���d 57�b� �c� K=
0 "
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3  :�4��  

 �A���" "
�� �( ��7���. �V�� {��U�  �b*:M��7�� ��
4" "�\(h �
\�. )�%��( �
�'(.  {�\p� ���O�
+ )"7��� �4�O�.  �A�.N�O�� �$N�O� ����) ���  ���� r.7��V�� ����1-I  ��T )"7* $�	"� ���� �=74 �!

���|  C� "�
�� "�O�
�O�O� )7��� (el Nino)  ��O�O� )
!�� �'0��� )7��b� .6(La Nina) .  
   

����Y ��1-? + j(�%
'�� "7a6 �����: 
`1��'� "
bO(Landsat .QuickBird  

	
���  :�& �'(�)$')� *�+,
-'/� 0*��&+)� 1�2	�� 34�/� �
�5	&

6'	78.  

3  �����2005: 9+:� �'$
� #2����
�'(�+���� �
��%� ���;�� ��&+/�& <=�&�

 #7�)�� ��>�'�Landsat 7 *���)%
�?�@A� �+5B " �')'>��>A� �&+:��

*��&+� " 6'	78 -'/� " .9�2����C�
 ��>�'�Landsat 7 �?D? ��� E�2FB G��

 H
�� -�� 0�?��:�� �& I�
4MSU

�5�/2���� G�� �'2'/�A� �?J��� K(��L
�+5B 6'B+�� �')'>��>A� �&+:��

�?�@A� .#2��� ��M I�'N�� �:&4 ���
$��>�C����� ����+�� �'2'/�A� �'�;��� #O

 ���	���� P�5Q �'����� �'(�O$��ETM+

 " �+R%� -'/�A�
 �+,Landsat 7 

)T2'�� �.( 

  ����� ��
���
 ���DigitalGlobe 

QuickBird �����. 

13V2)
�2004 29 V2)
�2004

HW��%�
*��O�%�
�& *�	�
X&�>+)���

14#
��42004 2�
��
2005

Landsat 7  �  
 Y��� I�<Z183 km  

 �'(�O� �>�C���30 m 
 #= " �>�C���

 ��������15 I  
QuickBird  �  

 Y��� I�<Z16,5 km 
 �>�C���2,44 m  

 #= " �>�C���
 ��������61 cm  

1859-1  

http://www.usgs.gov/
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dO�O� /�* {�O2��
 {r� ��l= 5 ��Tj-7�� j�
��# ���| &�U� ����( �U�7�d �"7P �����. .Xcn0  $#�* /�< �(
�V��  +6. ���7��?r.7b� ��� &� + ��'�%.�%�="�}�� g�=7� W���. 5 . ��= 5K�L �( �A�� F1!. ���| ��T

j-7�� j�
��#  /�* �:H�O�O�� &�U� ����( �UZO�d �1��� �"7P . ���7p� �4
�� + r�UE  .7] �
'�d
�="�}�� g�=7� ����. 5`�A=7(¡� . r.7b� ��� ���� j\�=.�( ���| ��T ��\O( + &�
'�  �( 7�]6 &�- $7=�<

,
-.  /�P)&A�� 7b% 2.(  

���&A 2  
�!"� #
#��
� $��#
#
� %&�'� (
)� ��*#� �  

1859-02

JASONIAS

  
  

  
�����: &����'1 (JASON-1)  !�"# $%���� �����/(�)*�� +,��� -�0 (NASA/JPL)  

www.jpl.nasa.gov/elnino/index.html-http://topex  
  

 

 &A�� `�=.3 + �
O'� cp��  + ��7�� ��
4" �=q
�6 7�
�06 �:H ���7��2005 .2006.  $�%���� ��� ���x	 �-.
 �
=�7� ����� q��	 $
O- �\�
�AMSR-E  
06 k"h ��" &��� F1! D07�)Aqua ( ���% ���0
� ¢�u

��A=7(h . �( �06 $���0 _? �"qh �
1� c�= ���d 5��7�� + ��
47� $���0 k�U£ _? 7¤h �
1� c��d ��
4"
��7��.  �O��� �=
¥� ��'O� ���.)��7�� ��
4" )�*
� (� ���� `� �"�U� F1!\�
��  `�O� �:H ��7�� ��
47�

(2006-2005) . ���7��6 �7] e
O	 ��\O( �%�! �-.) �7O=7^  ��\O()Granary (( ��! +2006 . �( ���P ��� �'��.

�O�O� ��" + `�( 
�  &A��2.  

  
   

15  V2�C�2006 16��+�=42007

�'�'��� 
 [���� 0\��]� K'^� �V


 67���Z �B��)_�P4( 

+'�'���  
 K'^� J��
 `$7��� 0\��]�

 67���Z �B��)�a4( 

http://topex-www.jpl.nasa.gov/elnino/index.html
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��� &A3 

 +�,�
�AMSR-E  �-��.� � �
����,� � (/���2005  �-��.�$2006 

1859-03

5%5%
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�����:  1�2�AMSR-E  ��3 456� �75 89�� :;% <�"��(AQUA)  

  

  

 ��
U\1� )�V�� �(h �.�O� ��-.)W�'�%
�� 5UNICEF( �6 `=:� 
�	.  �7] + ,
E���
�2?  �=�f �
1¦

=�( 2008 5 �(�O! ���1*. &���T �:^ ${������p� �
� "���6 . X�\V- "�\(h �] �( ���-���( ��§
( W�1H ��d

F1! ���4. 7�b�. 5���
�2? + ���O� {�\p�  &A�� +4 . m.7H )"
� �(6���O� {�\p�  r
��� �!j�d  $�%���� ���O�
 ���O� {�\p� &��� ���> C�$
�� (SPOT) `� )7�U� + 11 .20  
=�(2008�( �"̈���. 5 �( �� ����� $����O�  �V� �(

��\�
� r.7b� + X���'% . l�� ���d 5��
� �4��� .6 ���d�n0 �UH .6 $����O� ���d ��{��� C� �4�O� ©�� �
1� l���d
��
�� �( &�d6 X�d.7� 7�Hh �
1� . 

 k7��.���
�2? )"
� $�O=���� �( . �.�= ���Ud�:�� �( j-7�� W9O�  ���7p� �:p� �4�O( + ª�p� �
« 5&¬V� +
7��l�d .$��d6 �-. 7A�� "�%I ��b% �A�] �* �V�� �6 �!�®��  &n( �=��O� &���T. ����p� �
� �( &0 m��%? �(

¯� ..�6 W�'�%
�� "��� 3,4 �V�� �Z] �
�1( �
	�_? + ����^ $�!�'(  7�]6�\'^6. 
��
=. 
�%
=  &�
� �(
��!"l� ��
� W�a . 

   

 =�% �
"��� �
#52005 =�% �
"��� �
#52006
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��� &A4 

 0�1 2�3#�� 4�*5�� ����(/��� � 6�7 8�
!92008 

������ �����	
 ���� ����� ����� �	�� �������� �����	
 ���� �	�� ����� �	�  

  
�����:  >�?*�� @�AB�� 89���?� (SPOT)  ���*�� ����� !�"# $%(NASA)  

19764&oldid=14871http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=  
  

4 �������  

 5"7a¡� ��-�� 7=���� 7A�6 ��10 5c�0 �l�q ,
-. ����1}!6 ����O� L��%I e���6 �¥��� ��%�A(? . �7«.7=
\� 6�b%� 
"7- �!� "7ah 7=�����b%6 j�. 5 ��%�A'� �d�nA� F1! �
��  {�O�� ����� ��.)"7��� ��\O� +  �}*. �-
(.

�l�l�.  �\�
� &H��� $����-. $ql��# $:}'�d�V�U� �L "�7� ��!�O\�# (InSAR)  `! + $������.
 ������ �*:� &��� ��b%6 �\�
� ��A�(GNSS) 7d
�  �=�V�� �1��.� ��(. �-
�A�R "7ah 7=��� + ��(�Z��#.  

   

1859-04

 b��;�� c��de�C���  (%)

0 100–100

May 11-20, 2008

100 km N

Gulf of Aden

Somalia

Ethiopia

http://earthobservatory.nasa.gov/NaturalHazards/view.php?id=19764&oldid=14871
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���&A 5 

 ����- :��, +�,�
�(PALSAR)  ;5�<&� "=-$ :3� >?� 0�@�A  
 6�B C�-�
�� � ���� D�B@E �3F �25 G�� 2007 

  
�C��5 : PALSAR !�"# $% ����� )JAXA(  

 /20070412_daichi_e.html04http://www.jaxa.jp/press/2007/ 

  

)��! �
A� �( �q#l��� �\��7� k"h $�07*  7�b� �6 �( 7p�6 +�"
9 � .6 ���7 "
�{7�P �< ��]h &��'1�. 
K�L �(.�A� 5 �
A� �6 �"
9 ����7 X�	 )��U( �
�	 ��	
� +. �l�q �! �>�O� "7ah ����� + L��%I.  

  

5  ���� �	
���  

 &�
� F!�� 5��=h ��� +�=
E ���"h  ��'O��� )7��'( &�
� ��d:�H F1! ��\� .6 _?k"h.  �(6 ��¥��� &�
'�
 &�
�.�=
E ���"h�7��� k"h D0
0 j\p� ��A�d ����\�� X".7( ��a"h )7A� �
* ".�� C� 5����? �(. 5 . L?.

 ��'O��� )7��'� &�
'� ".�� _? �".� �!7� �UO� k"h + )7��'( �\�O0 .��� j�d 5��"
� �
* ��a"h )7A�
 l��O= ,�U�" F1! {��'�35 800 7�(
1�0 . &0 �*��( "
9� )l���( ��O(q �%���� &�
'� ��� &n( ����.30-15  ���-�

) &A�� 7b%6 (����>I ���07*. W�
�� ��(. ��p� &A�� ��-7( �!��. .d �A��	7= ��� ��A� �=°"�  ,
-.
"7�� �U���� ���? �}�� ��� ��±#�� N�O��. 5��d . �( ��\O( �
d k"h ²\- �
* )7��� &�
'� 7w �( X)��!. + `�7(
�
�� ��-
�� + �-� &-6 �A�. &���U�� + ��6 ��" $��1��� �
��d . �19� $L $�%���� �( cnA� F1! �
9P �A�.

7�%I �A�] �:H �(�%. �	�P 
!�� �(�O!. �$�(
1� �="
d �! j1T ��\� {7] �A� 5 ��a"6 $�\���n� )���q 
X���'% ��07�. �|�����. ���-
� + $�%���� ��E �
d �( )7���� &�
'� �( j1�U� .  

   

1859-05

Wajima

–11.8 cm
far away

11.8 cm
closer

0

20 km

Monzen

Epicenter

http://www.jaxa.jp/press/2007/04/20070412_daichi_e.html
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���&A 6 

�H79�  IB& J�/3��(Dean) ��B&�
K� :����� L"M �N.  

 >?� 0�� �O�"��(GOES) >?� P� I��@�� Q�R�� I�  

  
�����:  89�� :;% 5FC��GOES  !�"# $%��� ��A��G;� ��*#�� �5��H� (NOAA)  

-http://www.nnvl.noaa.gov/cgi

bin/index.cgi?page=products&category=Year%202007%20Storm%20Events&event=Hurricane%20Dean 

  

 ��" �A��=
E �
*h �="�7� "�n�%# ����( $��O�� �������� &�9U�� �( �=lM ..`�=  &A��7  ����( &��� ��"
 �=7'� "�n�%#(QuikScat)  �=� �7V�� "�9!y�(Dean) 7V�� �\� F1! ����±. �=7� �!7� X7�b( . &��� ��0 �-.

QuikScat ��" ��(��= C��0 )7��'( ��\p� t��� ���'= #. �UZO( "�( + k"h �
* ".�� �����d ��07(  &��'�
 k"h �
* 7��� j'=�
�E(GOES).  

 �!�'=.$�%���� ��� `� ��E  �7H6 &�
� �( )�"
� �7Hh.&0 ����\� &�d6 ��d cd
� F1!  F1!. �7¦ "�9!?
 ��
- ��(. "�9!I ��(q. ��AM N�O��D=7�� &���'� +.  

1859-06

Atlantic ocean

Puerto Rico

Haiti
Dominican Republic

Carabbean sea

Venezuela

�%���� �1500/17I"�?�� 5�C%H� &��"$��"+K��� L14,6  M��N62,6 M�
"O P"��� LM�
"O
 �%"�
18�2�%"� ��
�Q R��"
 ��S%90 TU �2�%"� 8C9 ��?�� ��S%110 ��S% 

GOES 12 RGB-CH(1.4) 08/17/2007 14:45 UTC This is a geographical reference

Credit: NOAA

NOAA

http://www.nnvl.noaa.gov/cgi-bin/index.cgi?page=products&category=Year%202007%20Storm%20Events&event=Hurricane%20Dean
http://www.nnvl.noaa.gov/cgi-bin/index.cgi?page=products&category=Year%202007%20Storm%20Events&event=Hurricane%20Dean
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��� &A7  
 PB���� �S��T� G�
�� :��, "M)QuikScat ( IB& J�/3�� �H7W�)Dean(  

  

�����:  :;% 5�V���� W��SXQuikScat  
Dean-http://www.nasaimages.org/luna/servlet/detail/nasaNAS~10~10~74747~180271:Hurricane  

  

d
�7  l07(���"h $N�O� �n=�P �=
E $L X�*��( ��0 �3 F1!6 )�
	 ja�� +5 X"�9( &A��. 7̈HY  $�%���1�� )��U
�=�p1�. ���. j1= �( l07� ��| ���l	 ����- :  

1 ���� �\�
�( �=
E $N�O�1� ³.".h l07 http://www.ecmwf.int/  

2 �=
E ���"h �(�H I����\= http://www.meteoam.it/  

3 ��¥��� $N�O�1� ©4
� l07� http://www.ncep.noaa.gov/  

�'O�. �=
E ���"¡� ������ ��bO� )WMO ´.7�A�I �
O�� F1! 5http://www.wmo.int/ (�=q
� $�%���� ���  �a..
����bO�. ���'% ���� {�µ6 ��> +.  

 http://www.ncep.noaa.gov/ 

6 �������� 

�=�< �A�  �4�O���7p1� �a7� ) �4�O��d
UT 74�Z���( )�!�'M ���-7� ,�U�"# mL�� (DEM) &��'� �( �91Z�'� .
 ����.���-7� ,�U�"# mL��  �4"�H ��" ����O� �4�O� ��	
�
�4���UZO .�!�'�. ��7H  ������ja"h + 7=��� �}* 
74�Z� ��A'��� ��
��� �4�O� �=�< �=74 �!.  �A��d���O!  _? �����# r79O= �6 �(q:� ���V�� ��O�� �=�<) �( �74

 $#�9�. "
'	.��c^. (�O! )�!�'�1�  ����U� ,
-.)&A�� 7b% 8( _?. 5:	I $��}��7������O� {.   

1859-07

16  �����2007

0 25 > 50

��	
��� ����� ����

������� 	
���

������ ����

http://www.nasaimages.org/luna/servlet/detail/nasaNAS~10~10~74747~180271:Hurricane-Dean
http://www.ecmwf.int/
http://www.meteoam.it/
http://www.ncep.noaa.gov/
http://www.wmo.int/
http://www.ncep.noaa.gov/
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���&A 8  
 :����� I� D�M+�,"�T (Landsat) 6�7 X��� 2000  �N���� Q�R�T� YZ�[ \�] D��^�  

 4�_R�� `�^� �&� �
]��a�3b �Nc�(SRTM DEM) � �#B"� a 	
��� � �E$�5���d
H�� �  

) C�^���- ���ef�� gb�#�� �c�� C����-h��E?� � i� j�_��9��k(  

  

  
����	: �����
 ������ 89����'7 )7-Landsat( Y�"�Z�H� &�*[�� !�"# $%: https://zulu.ssc.nasa.gov/mrsid/  

�����
 @�])�� PZX 5���5 ��,�"O?# �G2X )SRTM( Y�"�Z�H� &�*[�� !�"# $%: http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp  

  

��\� ��-7� �A� ���"h. �=
E ���!
( 
%�� .6 $�%���U� ,
-. ��%�A(�� "�O� �6 . ��!�� $�%���� $�}�O( &���.
 �d�A�. 5�=7\� $#
\| 5��}1n� $#
\�1� j�����7�� ��
4". F1! )"��- k"h �%�0 L? ��! ��1�}M ��� j�. 5

{���� ���]�6 �f? �6 7\� �( �=l� ¢�9�( .  

7=
9�� $#Y �( �91Z�'� "
91� �A� 5����U� ,
-. �:H. r��4h )����( ./ $L $"�7�. �
�h. ���h�� .6
��!�O\�# �V�U� ;�>I "7�� ����� + �!�'� �6. )"7��( )��� �4�O( _? L��%I + `1(��� ��]"? + �!�'� �6 .

 )"�- �( ���H )"
9� ��U�'=."�7�$ L$ �V�U� ��!�O\�# (SAR)  ��> + &��� �( �A��1� DV'� �7�H F1!
$�%���d _? �=�N� W�
�� {�O26 ��\� r.7� .+ �7=.  &A��9  )"�- �! ��n("�7�$ L$ �V�U� ��!�O\�# 

����U� ���M )"
�p� �4�O� �=�< F1!.  

1859-08

https://zulu.ssc.nasa.gov/mrsid/
http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp
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��� &A9  
a 	
��� � �E$$ �#B"� j�M� Jl�� �1 �m C�_
]5�����^  

���� �� �	
��� ����	��� ��� Landsat������� �� ���	��� ����	�� �  

 ���	����!"� �#$���  �%�$�)ASAR ( ���� &Envisat  

  
�����:  5���"�� �^��%�*A7�� ���)��  5A���(ASAR)  89�� �Envisat  

http://www.esa.int/esaEO/SEM8MD808BE_index_1.html#subhead1  
  

7 ������ �������/���� �����/������� �������  

�=�< �A� �a7�� �4�O�  �������� ja"h �#l%#  ��O� mL�����-7� ,�U�"# (DEMs) $����- �(  �L "�7�
�V�U� ��!�O\�# (SAR) ..���P ��� +$�!�U�"# �( X#�� �
�� &���'x� 5 . �A� 5k"¡� ���-� �07¦ ����]# �O!.

 �\�
� &H��� ���- $�*
��V�U� �L "�7� ��!�O\�# (InSAR) 
� �'U% �-
� + ����� $�*.. ��b%6 �\�
 ������ �*:� &���(GNSS) ���-� $����- 7d
� �6.  

 &�7� &�	 �( j�� �(.)Turtle Mountain ( ¶="�� + ja"6 �#l% �06 ��� �O0 +������� �A=7(6 X:2�( X�=�R �l= # .
 &A�� + )7��b� 5��a"h ��07* ��-7( �7±.10�=74 �! 5  &���RADARSAT-1 ��OA� ��O�� ��������  ���-

 �\�
� &H����V�U� �L "�7� ��!�O\�# (InSAR) .  

1859-09

Xi Jiang

meters

20000

2000

������� 	
���

	
��
� ������ ��
���
���� ����� �����
�
����
� 
���!"

© ESA 2005

© SERTIT 2005

 

 D�H�� n�7 0�Ho� pB��25 �
��B2005 "�$
 � dB����, D�B@E � qK�728  �
��B2005 �

 r#� Q$��� �b�(DRAGON) '� (�)�*��
!�
����2551

http://www.esa.int/esaEO/SEM8MD808BE_index_1.html#subhead1
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���&A 10  
 �*,��- :1�"��� G�
��/�R�� JZ �&���� �
7�#*MT� (InSAR)  :����RADARSAT  

 ���7 r- �� >?� s�B@�� P3��B2004-2000  

  
�����:  89��RADARSAT  ���*Z�� @�])�� ����� !�"# $%)CSA(  

 http://www.isprs.org/publications/related/ISRSE/html/papers/759.pdf 

 .6 ja"h {�\p� + $cp�1� �A������� +  ja"h�-�U= �6  �(74�� ��a"h $�-#l%#. d��n� &��� F1� 5
��\O� k7�� &VU�'= 74�Z�  X7��	 X��\- ��"�}]6 �\�x� `* ��a"h $�-#l%#)��	7*6 �l� .6( ��\O( �( �%"��( 5

 $Lj¥�� ��b% k"h "7��� �S�n= . + k"h ������ ��7H �!�'�.7=��� �}* 74�Z�  �4�O� �=�< �=74 �!
��A'��� ��
���  C� �-1� �a7! �
A�7\Z.  ��-7( �A�. .6 ja"h {�\p������� ja"h {��U� �( �!�'�d 5

74�Z� ��-7( + )�
�7� $cp�� .  

. �(�O!���x�  ��7�� {�������E g
U� F1!  $�-#l%:� �a7�( ��7�� ��9� 5"�\(¡� 7=lp� �
\| �:H "�µ# )�=�]
��a"h . �
\� &�- �( ��7�� ��
4" �d7�M �%.7�� )7=l^ "�\(6 �
\[ $N�O�� ��d 5· �(.h 7d
� �6 �A� 5"�\(

��a"6 $�-#l% /.�* ��%�A(�� $7=�<.  

.�� �A����� $�%��� m��%I ��1��� 74�� `�� ��7H  ��a"h $�-#l%#) &A�� 7b%11 .( $�%���� �	7Zx�� �-.
 &A�� + )7��b�11 �(  {��U� s
A( "�" ��d7^
�4 ���()SRTM(  $�%����  jU�\� �
=�7� ����� �(. ��d7^
�\�

 �����( �%������ 7=
9�1�)MODIS ( �(. �|�����. ja"h {�\^ $�%���� ���
��# "�\(h �
\� ���- �1*")TRMM (
"�\(h �
\� $�%����.  

1859-10

N

�);�0 ��"�, ��5�SX

6@��_�� `ab "2c3 
24  "
��309-03  8�"
304  

��3"�� ��%�S�� db:76M�"�X 

3��*�  
21  -G�?�24-00  "
��303 

��3"�� ��%�S�� db :3 5��X3

km

–30 30

 

 4"% �e"cFranck !�"# L3��*Z� "
�[�� +�"��� �9-�.
 8b��9 W��SX $X 5��*�� 5�"S��� �?K�"XSAR 

0 0

 89��RADARSAT-1 L!�K� f;�3 
 �Xgh�1�%�C�X 5��X L  

 "2ci�"j� � �k��  
24  "
��317-03  -G,�03  

��3"�� ��%�S�� db :332 M�"�X

����� =��l� 
�G�, m"%  

����� =��l� 
�G�, m"%  

����� =��l� 
�G�, m"%  

 n�k �U R��g��� o�K "2p9 �
 ���G��� 1��q��0,5 

R��g���(mm) 

http://www.isprs.org/publications/related/ISRSE/html/papers/759.pdf
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��� &A11  
�b�t �b�1 :����� I� �E�u���� �
�?� +��T@�T� . 

 6�7 I� �
�?� +��T@�T� 4�&���� w��#�� r3�$2003  6�7 x�2006 

  
�����:  @�])�� PZX 5���5 ��,�"O?# �G2X)SRTM(   ����[X ���?���
 "�C�;� �)�A�� I���"�� W��S���)MODIS ( `A� W��K �;k5�

 ��r����� 5�AX6�)TRMM (���� ����� !�"# $% )NASA.( http://earthobservatory.nasa.gov/Features/LandslideWarning/  

 ��� �#l% /.�*ja"6 �\�
� &H��� ���- "
9� �A� 5�V�U� �L "�7� ��!�O\�# (InSAR)  X���-� X�§" ���� �6
 k"h s7< �4"�u)r�'£# ( .L "�7� "
� �%"��M�V�U� ��!�O\�# )SAR ({�\^ �.� k"¡�.  "
9� �A�.

�7Hh �\'� $��'� ���O� {�\p� ���d 72��= C� �4�O� 7�b� �6 �7H6  .  

��0. ��
- �p1� ��� �l�l� 7,6  + ���'0�� 7(�.8  7�
�062005 + "7�� g�d6 �P6 �- 5 7Ub( �O=�M �\�T ��\O�
���Y ;
* ��� F1! 10 7�(
1�0 �l�l� l07( e7^ e
O	.  + ��a"6 $�-#l% �146. k"h�� ́ ��� �l�l� �S
'd ��>

c��0 {�µ6.  �
%
A=? &��� ����.)IKONOS ( ja"6 �#l% )"
�) &A��12`��� _? 5 ( +�7� �=7- (Makhri) 
 7Ub( �( ������� r"��� F1!Y + 5 ���9  7�
�062005.   "
Z9� �( X:�. X�1�7( &�}1� ���7p� ��	
� $"�f ��d

�
1�% 7f F1! �=��(7� {�����.  

1859-11

�s56� m�g��� "Ab

`��[X ���ci�)#

�?�[�� "��S9
��7"�� ��s56� ��K�g���

300100102
1

10

20

"A�� `�[X(h)

��
��
 �

��
	

 
(m

m
/h
)

 

http://earthobservatory.nasa.gov/Features/LandslideWarning/
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��� &A12  
 � 6��
� �m n�7 ��?� \T@�T� �!� �c�� �
���, �M8  �-��.�2005 0�@�@�� y�7  �C���.�-   

  
�����:  W�Z�U 89��)IKONOS (!�"# $% ���� �����  

 http://earthobservatory.nasa.gov/IOTD/view.php?id=5952 

  

8  ������ �	
�  

 �UO� e7'� �! W�A� �A� +T$�\�  "
� ���������V�U� �L "�7� ��!�O\�# )SAR .(.��1��� ��*�O� �( 5
x�&(��  W�0 $��1�! �UO� e7'�T +$�\�  �-
( + 7V�� + �7± $����- �! X"
d �0N�. ���.6 ��" $��1��0

�'U% e7'�� .��-7M ��O��� ��� ��'�. &-6 �U1A�� ���. �4�O(. ��� ���.� �( �0 e7'��j\UO �-
( + ��-7( �Aw 5�
�! )"7��� ��\O� &��'� .  

 +11 �\'^6 2006 5�UO� �1-�% �-7^  "#
�(Solar) `�1U� + �"��
	 )7=l	 &*
� ����- ..�
1¦ 24 �\'^6 
2006 
µ ��0 550 000 �UO� �( �
��^ e7'� �- _? 7V�� X�2
1( 7n06  �(300 km . �=7V�� &*
'� �( X���( ���

`�1U� + �7Hh "lE K��0. s�§h.  &��x�� �-.��!�O\�# �V�U� �L "�7� )SAR ( &��'� ¸( F1!ENVISAT 
 &A�� + )7��b� )"
9� m7Z��#13 . ¶="��� ��\UO� ����� ���(. �-�� �-
� `�� j�.24  �\'^62006.  

   

1859-12

200 m

9������200515 �	�
� 2002

http://earthobservatory.nasa.gov/IOTD/view.php?id=5952
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��� &A13  
 j�� (R#�� j���r3�R�� � G��z�E D�B@E : D�M�/�R�� JZ �&���� �
7�#*MT�  

  
�����: ���)�� I^ 5���"�� ��%�*A7��  89���� tX :;% =�S���ENVISAT  <�5���� �2[� ��;�B_��� ��;9���� ��S�?A��� uX��"
 !�"# $%

 ������ oXv� +
���� (�?���(UNOSAT)  
http://www.unosat.org/freeproducts/philippines/UNOSAT_philippines_oilspill_24aug06_v1.1_highres.jpeg  

 

 &A] + $�\�T + j���4 /
1� s�O�."6 �(7¤) " ���] �� 
�.D��V\� "���%#  e
�O� .6 �����4 �
§ m��%�� ���7�
 {���� �
1T `}�'0h .6��7H6 )"�a r.7b( ��T �
� ��7� {��U� �( ���-7(. �U�0 �A�. .��] �(. �=�<  �4�O�

�6 X��V� ��7}*. 7¤h ���� ���9� ��'%I �V� j�¹. 6 �! W�A� �A�. �7Hh /
1�� ��A]) ���� $�2
1( &n(
��1*�'� D�.7�. (�������� "
� . j�7� W�\� + ��1���/��]h W�4 .6  {7�P �<)&A�� 7b% 14 .(  

   

1859-13

���� �����	 
���	 �� �����
�	��60������ �	������  

������� ��	
��� ������
����� ���	
 ��	

Kilometers

0 3 6 12 18 24 30

����
����
���
����

��������

������ ������ !"�#

$%&

����' ��(��� �)�*"

�+
,�-�.� �/�


������ �	
�� :4 000 000:1)�� ���A3(

http://www.unosat.org/freeproducts/philippines/UNOSAT_philippines_oilspill_24aug06_v1.1_highres.jpeg
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���&A 14  
 A�c| &�M��� �k?� "��SeaWiFS  pB��-21  }N]��2004 �"B��] �  

 � +�BT��� ������ 8�#K� I.����
^B��?� D"/���  

1859-14

0,4 4 400,04

  
�����:  1�2�SeaWiFS  89���� tX :;%SeaStar  

http://visibleearth.nasa.gov/view_rec.php?id=19719  
  

9 �������� 	
���� ���  

�1�UO� "�����# )l�	6 �?  &�
'� ¸( F1! ��
�T. �=7p9� $�	
��� �1(���) &A��15 ( ��7� �(l� �( �
��� �1�
 &���'x�. 5�7V�� ��1E ���( �4"�H"�7�$ L$ �V�U� �!�O\�#� (SAR) ) &A��16(   ��1�p��� ��*�O� �(

 + �V�� �U� ��]"I;���� D\��   
\H + �V�� ��
( �(6 ���4I 5��1�� k7��  
\H + ��-
� $cV�� +.
��1�� k7��.  

 

   

���� ���

���� � ���	
���� �����(mg/m3) 
������� ���� ����� �!�SeeWIFS

http://visibleearth.nasa.gov/view_rec.php?id=19719
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���&A 15  
 "
�K�\�] ���B� �
��N��� �^  �B�#B2007 ) l]�#� &�"���C�,"e ~
�1(  

1859-15  
�����:  ��"BC�� �����
 ��G;� =�S��� I���"�� W��S��)AMSR (���*Z�� ��;�� ��X�b ���� !�"# $%  

glaces.ec.gc.ca/content_contenu/images/AMSR_image__Jan_06_2007.jpg-http://ice 

  

���&A 16 

�
��B � �"#. � C�,"e ~
�1 � "
�K� 2008 )������ :����� 0�b n�7 ����R�� L�
��(  

  
�����:  89�����5���5 (RADARSAT) ���*Z�� ��;�� ��X�b ���� !�"# $%  

 glaces.ec.gc.ca/content_contenu/images/Radarsat_June_24_2008.JPG-http://ice  
  

1859-16

© Canadian space agency / Agence spatiale canadienne
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Fort Severn

Kuujjuarapik

Radarsat  
24  �����2008  

�����	 
���  

 "
��A M S R 
06  ���#�2007  

$���!��� ���%& 

http://ice-glaces.ec.gc.ca/content_contenu/images/AMSR_image__Jan_06_2007.jpg
http://ice-glaces.ec.gc.ca/content_contenu/images/Radarsat_June_24_2008.JPG
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10  ������  

 �6 �M´�0��  ��O�  ��-7( �Aw 5��'U% ��\O� + k"h t�6 + ,�U�". ��U�% ���'= �( Xcn0&��T ´�0��  ��O� 
�( �* _? ¡� &���� �� �( $�07V�� �4"�H ��7�k" .$�*
� �A�.  ������ �*:� &��� ��b%6(GNSS)  `! +

 �\�
� &H��� $������ ��7� $��1��� �A� ���d ��1� ��-7( 7d
� �6 ��A��V�U� �L "�7� ��!�O\�# (InSAR)  �6
$����- 7d
� ����-
� + �-� &-6 ����% �-
( + .���- )"
� `��.  �\�
� &H����V�U� �L "�7� ��!�O\�#  ��0��
 + 
� �%
(�.�� ) &A��17 (cp�� �\'� + &=
\� ��� F1!  F1! ��= ��U�% &A] F1! �< ´�0��  ��O�

k"h.  k"¡� ���-�� $�07P ��� &nM �#���# �A�.74�Z� �=�V�� ���� + ��A( �6 + �1��T ��%�0��  

���&A 17  
 �*,��- :1�"��� +�,�
�- D�M�/�R�� JZ �&���� �
7�#*MT� (SAR)  

� J�$�e � ��� ��$�� ��B"��. �>?� �.�� ;�  
 q� h�.}�� w��#�� D�*1 i�>?�  

  
�����:  ���5���5)���*Z�� @�])�� �����( �Z��3 � 89���� !,�"X !�"# $%  

http://www.sciencemag.org/cgi/content/full/316/5827/1026  

 +.0�� �"
2 {�O26�� ���. �"7P 72h D��� �7« 5��(7�. ��V1��  �OH�'� $q�p�.
µ F1! ©��."  �\�
� ��7���
{7�P �< ��]h j�7� ��7�. {��U� �(. ¢
9u �	. F1!. 5&A�=  �=�	 74�� �
E r:p� + ´�0�� ��(7�

$7��\� F1! )7��\� .  
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http://www.sciencemag.org/cgi/content/full/316/5827/1026
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���&A 18  
&����� �-�/, S=3#�� :3E I� ��-���#
- �
��B �H7�- �b��t  

 � �"� Jl�� C��S�� I� +�7�, ��! :3�15  �
��B1991   

1859-18

125

5

115

15

  
�����:  M��� ����[�� ���?���� �^ =�S��� I���"�� W��S��(AVHRR) ���� ��A��G;� ��*#�� �5��w (NOAA)  !�"# $%���� �����  

http://rsd.gsfc.nasa.gov/rsd/images/Pinatubo.html  
 

 ���=.�( 7=
9�� �=�V�� X��!� &�
'� )72��� �4�O� ���d��� ��-7(. .� �(6�( "
9 $L )l�	h  ���7� ��	
� �
4h
. +{7�P �< ��]h ��-7� X��!� ����d º���%#  ���O�) `1A�� 7b%19 .25 .(.C� �4�O� +  DV'� ���d ��1��

 "
� ���� 5�=°7� ����d �L "�7���!�O\�# �V�U� (SAR)  $�(
1��1� 7HY X"�9()&A�� 7b% 20.(  ������ ��7�=.
 ��� /�* �( "
91� ;���`�1U� + 
�
��O�� ��07� "�}U%  +15  
�%
=1991 .  

   

����" 	��#$ % &���'� *��*�+ ,� 
-�"�� ./�!��"0�! .12! .����3 

 �� 	��4�5� 6��7NOAA AVHRR  
RGB  =μm 0,65 .μm 0,90 .μm 11  

��89:! 	�$;< �!�����! �>� *��� 	!�?�
��"�@ 14  ��"�@1991 	9�5�� .2329 A�B����!

 C�D��)7:30  .E�F�>715 ��"�@ ( G��F �>B3

�!�����! /�#,� CH��I�� /���J�� �� ��9��  

http://rsd.gsfc.nasa.gov/rsd/images/Pinatubo.html
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���&A 19 

 :��,+�,"�T  �9-5 }N�3, 1991 .d3�� i� j�_�� �k?� C����- �_��� 2�3#�� 4�*5�� �c�B  

  
�����: 89�� �����
 ������ 5 Y�"�Z�H� &�*[�� -%:  https://zulu.ssc.nasa.gov/mrsid/ 

  

  

���&A 20  
 :�����Landsat 5  �O�_R�� �B�H��� �&� P� y.�����SIR-C  �  �-��.�1994 .  

 >?� �B�_�$ �
-�/, :.��� T�e@

� :c�B$ �/��$ �
#
*�� +��]"���$ �
O��  

  
 ������: 89�� �����
 ������ 5 Y�"�Z�H� &�*[�� -% :https://zulu.ssc.nasa.gov/mrsid/  �����
�sar-c/x-sir Y�"�Z�H� &�*[�� -% :

http://geoinfo.amu.edu.pl/wpk/jpl/pinatubo2.html 

   

1859-19

1859-20

 �������	


����	 

Ash (red)

https://zulu.ssc.nasa.gov/mrsid/
https://zulu.ssc.nasa.gov/mrsid/
http://geoinfo.amu.edu.pl/wpk/jpl/pinatubo2.html
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��� &A21 

 :��,+�,"�T  �18-7  �B��2001 .2�3#�� 4�*5�� ��=�  

  
 �����: 89�� �����
 ������ 7 Y�"�Z�H� &�*[�� -% : https://zulu.ssc.nasa.gov/mrsid/ 

 

"
� �( ��U�'= ��0 ��!�O\�# �V�U� �L "�7� (SAR) + 7\Z1� �a7�� �4�O� �=�<. s7* ��d �"
2 ��0�� 

�
��O�� ��O�\� $��d��� �( �=���  "
� + ���1! rS7��� &�'= C���!�O\�# �V�U� �L "�7� ) &A��20 ( �A�.

 �:H �( ��1��U� )��!?"�\(h )7=lp�.  ��! + K�L ,
-. r���.1994  s
A( 7=
9� "�7� /�P 7=
9� �7	.
{��U� .7\Z1� �a7! ��=7�� ��
��� �4�O� $"��..  

 ���-7� ,�U�"# mL�� )���d ���2 �-.(DEM)  ���d /�< �6 �A� C� �-
��� N�O�� +��O�\� $��d��� ���� j�d 5
��UZO� �4�O� _? �d���. �=��Hh $"�'(.  

&��� �( �	7Z�'� K1�0 5ja"h {�\p�. k"h ������ ��7H. ���-7� ,�U�"# mL�� `� ��E �A�. Landsat 
 �����( �%������ 7=
9�1� jU�\� �
=�7� ����� .6(MODIS) 7\Z1� �a7�� �4�O� �\=7H ��7� .�7=.  &A�� +22 

7\Z1� �a7�� �4�O�1� �\=7u ��� &n( �! ��n(.  
   

1859-21

https://zulu.ssc.nasa.gov/mrsid/
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��� &A22  
r- PNK�  4�_R�� `�^� �&� �
]��a�3b �Nc�$ +�,"�T :��,)SRTM( gb�#�� "B"/�� C�^���$ r��=�� �*u��   

  
�����: 89��  ������ @�])�� PZX 5���5 ��,�"O?# �G2X�(SRTM)  <�5���� �2[� ��;�B_��� ��;9���� ��S�?A��� uX��"
 !�"# $%

 ������ oXv� +
���� (�?���(UNOSAT)  
 http://unosat.web.cern.ch/unosat/freeproducts/indonesia/UNOSAT_Merapi_areas_at_risk_lahars_v3_lowres.jpg 

  

 &��� 5�7'�� )"
9� +$���%# (Landsat)  ��A=7(h j	
�
�E �'� ���0. �1p��. 5���% ���0. ����] ���
(USGS) : &���'x=�=7�P �4�O� �=�V�� ��!"l� �
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The deposition zone represents those areas likely 
to accumulate ashes and volcanic debris remobilized 
downslope as lahars after heavy rainfalls. This zone 
was estimated using the MRVBF model developed by
Gallant and Dowling (2002). The region will be lahar-

prone for several years considering the eruption size.

GLIDE number: VO-2006-000048-IDN

Contact information: info@unosat.org
24/7 hotline: +41 76 487 4998

Disaster type: lahar (volcanic debris mud flow)

Satellite data: Landsat, SRTM
Geographic data: Global Insight, Landscan 2002,
MRVBF model, Indonesian geographic atlas (1998/9)
Data source: USGS, NASA, Europa Technologies,
Department Pekerjaan Umum
Datum: UTM 49 South
Projection: WGS 84
Map scale: 1: 550 000 for A3 printout
Map created: 9 June 2006, version v3

This map was produced by United Nations Institute for Training
and Research (UNITAR) Operational Satellite Applications Programme 

(UNOSAT). UNOSAT provides satellite imagery and related 
geographic information to UN humanitarian and development
agencies and their implementing partners.

The depicion and use of  boundaries, geographic names and related data 

shown here are not warranted to be error free nor do they necessarily 
imply official endorsement or acceptance by United Nations.
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