
2SHUDWLRQDO�660�,�DQG�$0682SHUDWLRQDO�660�,�DQG�$068
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5DOSK�)HUUDUR5DOSK�)HUUDUR
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2XWOLQH�2EMHFWLYHV2XWOLQH�2EMHFWLYHV
■■ 3K\VLFDO�3ULQFLSOHV�	�&RQFHSWV3K\VLFDO�3ULQFLSOHV�	�&RQFHSWV
■■ 2YHUYLHZ�RI�RSHUDWLRQDO�³LPDJHUV´2YHUYLHZ�RI�RSHUDWLRQDO�³LPDJHUV´
±± '063��	�12$$�6HULHV'063��	�12$$�6HULHV

■■ 660�,�	�$068�$OJRULWKP�'HYHORSPHQW660�,�	�$068�$OJRULWKP�'HYHORSPHQW
±± 5DLQ�'HWHFWLRQ�DQG�5DWH5DLQ�'HWHFWLRQ�DQG�5DWH
±± 7RWDO�3UHFLSLWDEOH�:DWHU7RWDO�3UHFLSLWDEOH�:DWHU

■■ 6\QRSWLF�$SSOLFDWLRQV6\QRSWLF�$SSOLFDWLRQV
±± 6WUDWLIRUP��&RQYHFWLYH�	�7URSLFDO6WUDWLIRUP��&RQYHFWLYH�	�7URSLFDO

■■ &OLPDWLF�$SSOLFDWLRQV&OLPDWLF�$SSOLFDWLRQV
±± $QQXDO��,QWHUDQQXDO�DQG�5HJLRQDO$QQXDO��,QWHUDQQXDO�DQG�5HJLRQDO



3DVVLYH�0LFURZDYH�%DVLF�&RQFHSWV3DVVLYH�0LFURZDYH�%DVLF�&RQFHSWV

“Sounder Channels”



Passive Microwave Signatures Affected By:

Atmosphere
Rain/Ice

Surface Characteristics

Ocean Surface Wind
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/DQG�6XUIDFH�&KDUDFWHULVWLFV/DQG�6XUIDFH�&KDUDFWHULVWLFV
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*2(6�9LV�,5�YV��3RODU�0LFURZDYH*2(6�9LV�,5�YV��3RODU�0LFURZDYH
*2(6�YLV�,5 32(6�0:
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6SDWLDO
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HVS��660�,

&LUUXV
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3K\VLFV

&ORXG�WRSV /LTXLG�ZDWHU�±�RFHDQ
,FH�SDUWLFOHV�±�ODQG�RFHDQ

73:
3K\VLFV

:DWHU�YDSRU�#���XP
,PDJHU�	�6RXQGHU

:DWHU�9DSRU�OLQH�#���*+]



5DLQIDOO�6LJQDWXUHV��0RGHO�%DVHG�5DLQIDOO�6LJQDWXUHV��0RGHO�%DVHG�
)URP�)HUULGD\�DQG�$YHU\��-$0�������)URP�)HUULGD\�DQG�$YHU\��-$0�������





6DWHOOLWH�+LVWRU\6DWHOOLWH�+LVWRU\
■■ '063���660�,��660�7��660�7�'063���660�,��660�7��660�7�
±± )LUVW�660�,�RQ�)���VDWHOOLWH��-XQH������)LUVW�660�,�RQ�)���VDWHOOLWH��-XQH������
±± 6XEVHTXHQW�660�,¶V�RQ�)�����1RY������)�����'HF6XEVHTXHQW�660�,¶V�RQ�)�����1RY������)�����'HF
�����)�����IDLOHG���)�����$SU������)�����$SU���������)�����IDLOHG���)�����$SU������)�����$SU����

±± ����660�,¶V�LQ�RSHUDWLRQ�DW�D�WLPH��a��DP�SP�	����660�,¶V�LQ�RSHUDWLRQ�DW�D�WLPH��a��DP�SP�	
���DP�SP�RUELWV����DP�SP�RUELWV�

■■ 12$$���068��$06812$$���068��$068
±± 068�³VRXQGHU´�VLQFH�����¶V068�³VRXQGHU´�VLQFH�����¶V
±± $068�³VRXQGHU´�	�³LPDJHU´��0D\����$068�³VRXQGHU´�	�³LPDJHU´��0D\����
±± 12$$���������DP�SP�RUELW12$$���������DP�SP�RUELW



'063�660�,'063�660�,



'063�660�,'063�660�,

&KDQQHO )UHTXHQF\�*+]� 3RODUL]DWLRQ )29�VL]H�NP�
� ����� 9HUWLFDO ���E\���
� ����� +RUL]RQWDO ���E\���
� ����� 9HUWLFDO ���E\���
� ���� 9HUWLFDO ���E\���
� ���� +RUL]RQWDO ���E\���
� ���� 9HUWLFDO ���E\���
� ���� +RUL]RQWDO ���E\���



12$$�$06812$$�$068
�&KDQQHO )UHTXHQF\ &KDQQHO )UHTXHQF\
�$� �����*+] $� �����*+]
�$� ���� $��$�� ������
�$� ���� $�� ����
�$� ���� %� ����
�$� ���� %� �����
�$� ���� %��� ������
�$� ����



12$$�$06812$$�$068



$068�YV��660�,$068�YV��660�,
3DUDPHWHU $068 660�,

:LQGRZ
&KDQQHOV
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3RODUL]DWLRQ 0L[HG 9�	�+
6FDQ�*HRPHWU\ �������GHJ )L[HG����GHJ

)29·V
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DQJOH�
��������NP�QDGLU
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660�,�6DPSOH�,PDJHU\�����������660�,�6DPSOH�,PDJHU\�����������
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$068�6DPSOH�,PDJHU\�����������$068�6DPSOH�,PDJHU\�����������



$068�6DPSOH�,PDJHU\�����������$068�6DPSOH�,PDJHU\�����������



$068�'HULYHG�3URGXFWV�����������$068�'HULYHG�3URGXFWV�����������



7LPH�6HULHV�RI�$068�%7¶V7LPH�6HULHV�RI�$068�%7¶V



660�,����*+]�7%¶V��������WR��������660�,����*+]�7%¶V��������WR��������



2SHUDWLRQDO�$OJRULWKP�'HYHORSPHQW2SHUDWLRQDO�$OJRULWKP�'HYHORSPHQW

■■ &RQVLGHUDWLRQV�&RQVLGHUDWLRQV�
±± &RPSOH[LW\��SURFHVVLQJ��GHOLYHU\�³EDODQFH´&RPSOH[LW\��SURFHVVLQJ��GHOLYHU\�³EDODQFH´
±± ,PSDFW�RQ�RWKHU�SURFHVVLQJ�V\VWHPV,PSDFW�RQ�RWKHU�SURFHVVLQJ�V\VWHPV
±± 8VHU�UHTXLUHPHQWV8VHU�UHTXLUHPHQWV

■■ 7KLQJV�DUH�FKDQJLQJ7KLQJV�DUH�FKDQJLQJ
±± 6WDQG�DORQH�ZRUNVWDWLRQV6WDQG�DORQH�ZRUNVWDWLRQV
±± )DVWHU�FRPSXWHUV)DVWHU�FRPSXWHUV
±± 7500�VHWWLQJ�WKH�VWDJH«�7500�VHWWLQJ�WKH�VWDJH«�



5DLQIDOO�2YHU�2FHDQ5DLQIDOO�2YHU�2FHDQ
■■ 8WLOL]H�ERWK�HPLVVLRQ�DQG�VFDWWHULQJ�VLJQDWXUHV�RI8WLOL]H�ERWK�HPLVVLRQ�DQG�VFDWWHULQJ�VLJQDWXUHV�RI
UDLQIDOOUDLQIDOO
±± (PLVVLRQ��������*+]�6FDWWHULQJ������*+](PLVVLRQ��������*+]�6FDWWHULQJ������*+]

■■ 5DLQ�LGHQWLILFDWLRQ�5DLQ�LGHQWLILFDWLRQ�
±± (PLVVLRQ�(PLVVLRQ�

■■ &/:��4��FORXG�UDLQ�WKUHVKROG����������PP�&/:��4��FORXG�UDLQ�WKUHVKROG����������PP�
■■ )XQFWLRQ�RI�IUHH]LQJ�OHYHO��FORXG�EDVH��HWF�)XQFWLRQ�RI�IUHH]LQJ�OHYHO��FORXG�EDVH��HWF�
■■ 2SHUDWLRQDO�DOJRULWKP�IRU�660�,�DQG�$068�XVH2SHUDWLRQDO�DOJRULWKP�IRU�660�,�DQG�$068�XVH
VWDWLF�WKUHVKROG��IRU�QRZ�VWDWLF�WKUHVKROG��IRU�QRZ�

■■ $068�/LPE�$IIHFWV$068�/LPE�$IIHFWV
±± 6FDWWHULQJ�6FDWWHULQJ�

■■ 6FDWWHULQJ�³,QGH[´��LFH�SKDVH�IDOOLQJ�VQRZ�6FDWWHULQJ�³,QGH[´��LFH�SKDVH�IDOOLQJ�VQRZ�
±± 5HPRYH�VHD�LFH�VLJQDWXUH5HPRYH�VHD�LFH�VLJQDWXUH



5DLQIDOO�2YHU�2FHDQ��FRQ¶W�5DLQIDOO�2YHU�2FHDQ��FRQ¶W�
■■ 5DLQ�UDWH�GHWHUPLQDWLRQ5DLQ�UDWH�GHWHUPLQDWLRQ

±± (PSLULFDO�WXQLQJ�WR�FR�LQFLGHQW�UDGDU(PSLULFDO�WXQLQJ�WR�FR�LQFLGHQW�UDGDU
±± 55 D�4�55 D�4�E��E��������55� �D�6,�������55� �D�6,�EE

■■ $FFXUDF\�DQG�OLPLWDWLRQV$FFXUDF\�DQG�OLPLWDWLRQV
±± ,QVWDQWDQHRXV�UDLQ�UDWH��������",QVWDQWDQHRXV�UDLQ�UDWH��������"

■■ 4XHVWLRQV�RQ�ORZ�DQG�KLJK�HQG�UDWHV4XHVWLRQV�RQ�ORZ�DQG�KLJK�HQG�UDWHV
■■ %HDP�ILOOLQJ�HUURUV%HDP�ILOOLQJ�HUURUV

±± 5DLQ�DUHD�IDLUO\�UHOLDEOH5DLQ�DUHD�IDLUO\�UHOLDEOH
±± 6RPH�FRQFHUQV�RQ�´ZHVW�FRDVW´�UDLQIDOO��WRR�ORZ"6RPH�FRQFHUQV�RQ�´ZHVW�FRDVW´�UDLQIDOO��WRR�ORZ"

■■ )UHH]LQJ�OHYHO�4�GHSWK�LQFRUUHFW")UHH]LQJ�OHYHO�4�GHSWK�LQFRUUHFW"

±± 7URSLFDO�V\VWHPV��WRR�ORZ"7URSLFDO�V\VWHPV��WRR�ORZ"
±± &RDVWOLQH�UDLQIDOO�OLPLWHG�GXH�WR�ODQG�HIIHFWV�&RDVWOLQH�UDLQIDOO�OLPLWHG�GXH�WR�ODQG�HIIHFWV�

■■ 0LQLPL]H�QRLVH�UHGXFHV�VHQVLWLYLW\�WR�VWUDWLIRUP�UDLQ0LQLPL]H�QRLVH�UHGXFHV�VHQVLWLYLW\�WR�VWUDWLIRUP�UDLQ



73:�RYHU�RFHDQ73:�RYHU�RFHDQ
■■ ³*UDQGIDWKHU´�RI�0:�SURGXFWV³*UDQGIDWKHU´�RI�0:�SURGXFWV
±± 0RVW�DFFXUDWH�0:�SURGXFW��506�a���0RVW�DFFXUDWH�0:�SURGXFW��506�a���
±± *HQHUDWHG�VLQFH�����¶V��UHVHDUFK�*HQHUDWHG�VLQFH�����¶V��UHVHDUFK�

■■ 73:�³VLJQDO´�FRPHV�IURP����*+]�UHJLRQ73:�³VLJQDO´�FRPHV�IURP����*+]�UHJLRQ
±± 660�,�QHDU�FHQWHU���������*+]�660�,�QHDU�FHQWHU���������*+]�

■■ VDWXUDWLRQ�DW�KLJK�73:¶VVDWXUDWLRQ�DW�KLJK�73:¶V

±± $068�RII�FHQWHU�������$068�RII�FHQWHU�������
■■ QR�VDWXUDWLRQ��EXW�QR�VDWXUDWLRQ��EXW�OLPE�DIIHFWVOLPE�DIIHFWV

■■ 8WLOL]H�RWKHU�FKDQQHOV�WR�UHPRYH�4�HIIHFWV8WLOL]H�RWKHU�FKDQQHOV�WR�UHPRYH�4�HIIHFWV
±± 660�,�����DQG�RU����*+]660�,�����DQG�RU����*+]
±± $068�������DQG�RU������*+]$068�������DQG�RU������*+]



5DLQIDOO�2YHU�/DQG5DLQIDOO�2YHU�/DQG

■■ &DQ�RQO\�XWLOL]H�VFDWWHULQJ�VLJQDWXUH�&DQ�RQO\�XWLOL]H�VFDWWHULQJ�VLJQDWXUH�
±± (PLVVLRQ�QRW�UHDOO\�IHDVLEOH��LW¶V�WKHUH�EXW(PLVVLRQ�QRW�UHDOO\�IHDVLEOH��LW¶V�WKHUH�EXW
VLJQDO�LV�VPDOOHU��KLJK�HPLVVLYLW\��$1'VLJQDO�LV�VPDOOHU��KLJK�HPLVVLYLW\��$1'
HPLVVLYLW\�KLJKO\�YDULDEOHHPLVVLYLW\�KLJKO\�YDULDEOH

±± /HVV�GLUHFW�PHDVXUH�RI�UDLQ/HVV�GLUHFW�PHDVXUH�RI�UDLQ
±± 0DLQO\�FRQYHFWLYH�	�ZLGHVSUHDG�VWUDWLIRUP0DLQO\�FRQYHFWLYH�	�ZLGHVSUHDG�VWUDWLIRUP

■■ 6SHFLDO�FDUH�WR�UHPRYH�³IDOVH´�VLJQDWXUHV�6SHFLDO�FDUH�WR�UHPRYH�³IDOVH´�VLJQDWXUHV�
±± 6QRZ�FRYHU��PHOWLQJ�VQRZSDFN���GHVHUWV6QRZ�FRYHU��PHOWLQJ�VQRZSDFN���GHVHUWV
±± (PSLULFDO�³VFHHQV´��GHFLVLRQ�WUHH�DSSURDFK(PSLULFDO�³VFHHQV´��GHFLVLRQ�WUHH�DSSURDFK
±± 1RQ�XQLTXHQHVV�RI�VLJQDWXUHV1RQ�XQLTXHQHVV�RI�VLJQDWXUHV
±± FRQVHUYDWLYH�YV��DJJUHVVLYH�VFUHHQLQJFRQVHUYDWLYH�YV��DJJUHVVLYH�VFUHHQLQJ



5DLQIDOO�2YHU�/DQG��FRQ¶W�5DLQIDOO�2YHU�/DQG��FRQ¶W�
■■ 5DLQIDOO�GHWHFWLRQ�YLD�VFDWWHULQJ�������*+]�5DLQIDOO�GHWHFWLRQ�YLD�VFDWWHULQJ�������*+]�

±± 7%�GHSUHVVLRQV�LQGLFDWH�SRVVLEOH�UDLQ7%�GHSUHVVLRQV�LQGLFDWH�SRVVLEOH�UDLQ
■■ /DUJHU�WKH�GHSUHVVLRQ��KHDYLHU�UDLQ/DUJHU�WKH�GHSUHVVLRQ��KHDYLHU�UDLQ

±± 3URSHU�UDLQ�QR�UDLQ�WKUHVKROG�WR�PLQLPL]H�QRLVH3URSHU�UDLQ�QR�UDLQ�WKUHVKROG�WR�PLQLPL]H�QRLVH
±± 6FDWWHULQJ�,QGH[ I�7%���7%����7%��6FDWWHULQJ�,QGH[ I�7%���7%����7%��

■■ 5DLQ�5DWH���UDGDU�WXQHG��55� �D�6,�5DLQ�5DWH���UDGDU�WXQHG��55� �D�6,�EE

■■ $FFXUDF\�DQG�OLPLWDWLRQV�$FFXUDF\�DQG�OLPLWDWLRQV�
±± ,QVWDQWDQHRXV�UDWH��������,QVWDQWDQHRXV�UDWH��������
±± 6XPPHU�VHDVRQ�UDLQ�QR�UDLQ�PRVW�UHOLDEOH6XPPHU�VHDVRQ�UDLQ�QR�UDLQ�PRVW�UHOLDEOH
±± ³:��&RDVW´�ODQG�V\VWHPV�SUREOHPDWLF�³:��&RDVW´�ODQG�V\VWHPV�SUREOHPDWLF�

■■ PDULWLPH�DLU�PDVV�OHVV�LFH�VPDOOHU�SUHFLSLWDWLRQ�SDUWLFOHV"PDULWLPH�DLU�PDVV�OHVV�LFH�VPDOOHU�SUHFLSLWDWLRQ�SDUWLFOHV"

±± 6LQJOH�6,�55�XVHG��LH��JOREDO�³=�5´�UHODWLRQVKLS�6LQJOH�6,�55�XVHG��LH��JOREDO�³=�5´�UHODWLRQVKLS�
±± 0HOWLQJ�VQRZ�LQ�ZLQWHU�DQG�VSULQJ�VHDVRQV0HOWLQJ�VQRZ�LQ�ZLQWHU�DQG�VSULQJ�VHDVRQV

■■ )DOVH�PRGHUDWH�UDLQ�UDWHV)DOVH�PRGHUDWH�UDLQ�UDWHV
■■ ³6WDWLRQDU\´³6WDWLRQDU\´



660�,�5DLQ�5HWULHYDO�$OJRULWKP660�,�5DLQ�5HWULHYDO�$OJRULWKP



0HOWLQJ�6QRZ�6LJQDWXUH0HOWLQJ�6QRZ�6LJQDWXUH

0(/7,1*

612:



3UHOLPLQDU\�$068�5DLQ�5HWUHLYDO�$OJRULWKP
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)HZ�7KRXJKWV�RQ�9DOLGDWLRQ)HZ�7KRXJKWV�RQ�9DOLGDWLRQ
■■ 2SHQ�RFHDQ���YLUWXDOO\�LPSRVVLEOH2SHQ�RFHDQ���YLUWXDOO\�LPSRVVLEOH

±± 8VH�RI�3DFLILF�$WROO�JDXJHV��0RUULVVH\�8VH�RI�3DFLILF�$WROO�JDXJHV��0RUULVVH\�
±± 72*$�&2$5(��HWF�72*$�&2$5(��HWF�
±± $FRXVWLF�2SWLFDO�GHYLFHV$FRXVWLF�2SWLFDO�GHYLFHV

■■ 9DOLGDWLRQ�'DWD�³TXHVWLRQDEOH´9DOLGDWLRQ�'DWD�³TXHVWLRQDEOH´
±± 5DGDU�EHVW�VXLWHG�IRU�SDVVLYH�PLFURZDYH��EXW«�5DGDU�EHVW�VXLWHG�IRU�SDVVLYH�PLFURZDYH��EXW«�

■■ &DOLEUDWLRQ�LVVXHV&DOLEUDWLRQ�LVVXHV
■■ =�5�UHODWLRQVKLSV��IDFWRU�RI����=�5�UHODWLRQVKLSV��IDFWRU�RI����

±± *DXJHV�YV��VDWHOOLWH��SRLQW�YV��DYHUDJH*DXJHV�YV��VDWHOOLWH��SRLQW�YV��DYHUDJH
■■ :KLFK�SDUDPHWHUV�DUH�PRVW�LPSRUWDQW":KLFK�SDUDPHWHUV�DUH�PRVW�LPSRUWDQW"

±± +RZ�GR�\RX�DVVHVV�³XVHIXOQHVV´"+RZ�GR�\RX�DVVHVV�³XVHIXOQHVV´"
±± %LDV��FRUUHODWLRQ��VNLOO�VFRUH«LPDJH�LQWHUSUHWDWLRQ%LDV��FRUUHODWLRQ��VNLOO�VFRUH«LPDJH�LQWHUSUHWDWLRQ

■■ $�/27�RI�³LQFRQFOXVLYH´�UDLQIDOO�LQWHUFRPSDULVRQV$�/27�RI�³LQFRQFOXVLYH´�UDLQIDOO�LQWHUFRPSDULVRQV
±± *3&3���$,3¶V�	�1$6$�:HW1HW���3,3¶V*3&3���$,3¶V�	�1$6$�:HW1HW���3,3¶V



/DQG�9DOLGDWLRQ���6WDJH�,9�*DXJH�3URGXFW/DQG�9DOLGDWLRQ���6WDJH�,9�*DXJH�3URGXFW
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/DQG�9DOLGDWLRQ���1(;5$'/DQG�9DOLGDWLRQ���1(;5$'
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2FHDQ�9DOLGDWLRQ���72*$�&2$5(2FHDQ�9DOLGDWLRQ���72*$�&2$5(
Scattering Algorithm                                 Emission Algorithm



8VHV�RI�3URGXFWV8VHV�RI�3URGXFWV

:HDWKHU�)RUHFDVWLQJ�DQG�$QDO\VLV:HDWKHU�)RUHFDVWLQJ�DQG�$QDO\VLV



7LPH�6HULHV�RI�$068�3URGXFWV7LPH�6HULHV�RI�$068�3URGXFWV



6\QRSWLF�$SSOLFDWLRQV6\QRSWLF�$SSOLFDWLRQV
■■ 3RODU�VDWHOOLWH�SURGXFWV�KDYH�IRXQG�WKHLU�³QLFKH´�3RODU�VDWHOOLWH�SURGXFWV�KDYH�IRXQG�WKHLU�³QLFKH´�
GHVSLWH�WKHLU�REYLRXV�WHPSRUDO�DQG�VSDWLDO�OLPLWDWLRQVGHVSLWH�WKHLU�REYLRXV�WHPSRUDO�DQG�VSDWLDO�OLPLWDWLRQV

■■ )RU�VRPH�UHJLRQV��RQO\�VDWHOOLWH�GDWH�WKDW�FDQ�EH)RU�VRPH�UHJLRQV��RQO\�VDWHOOLWH�GDWH�WKDW�FDQ�EH
XVHG�XVHG�
±± +DZDLL�DQG�$ODVND+DZDLL�DQG�$ODVND

■■ 7KH�660�,�DQG�$068�SURGXFWV�RIIHU�FRPSOHPHQWV�WR7KH�660�,�DQG�$068�SURGXFWV�RIIHU�FRPSOHPHQWV�WR
*2(6��1(;5$'��HWF�*2(6��1(;5$'��HWF�
±± &LUUXV�SHQHWUDWLRQ&LUUXV�SHQHWUDWLRQ
±± 2II�VKRUH�V\QRSWLF�VFDOH�DQG�WURSLFDO�V\VWHPV2II�VKRUH�V\QRSWLF�VFDOH�DQG�WURSLFDO�V\VWHPV
±± 2EMHFWLYH��HDV\�WR�XVH��OLWWOH�LQWHUSUHWDWLRQ�2EMHFWLYH��HDV\�WR�XVH��OLWWOH�LQWHUSUHWDWLRQ�

■■ 8VHG�GDLO\�E\�1(6',6�6$%��1:6�:6)2�DQG�1:38VHG�GDLO\�E\�1(6',6�6$%��1:6�:6)2�DQG�1:3
PRGHO�DVVLPLODWLRQ��DW�OHDVW�73:��5DLQ�VRRQ�PRGHO�DVVLPLODWLRQ��DW�OHDVW�73:��5DLQ�VRRQ�



660�,�'DLO\�0HDQ�73:��������WR���������660�,�'DLO\�0HDQ�73:��������WR���������
'XDO�6DWHOOLWH�'DLO\�0HDQV'XDO�6DWHOOLWH�'DLO\�0HDQV



660�,�'DLO\�0HDQ�5DLQ�5DWHV�������WR��������660�,�'DLO\�0HDQ�5DLQ�5DWHV�������WR��������
'XDO�6DWHOOLWH�'DLO\�0HDQV'XDO�6DWHOOLWH�'DLO\�0HDQV



:HVW�&RDVW�8QLWHG�6WDWHV:HVW�&RDVW�8QLWHG�6WDWHV

■■ 73:�SOXPHV��³3LQHDSSOH�&RQQHFWLRQ´�73:�SOXPHV��³3LQHDSSOH�&RQQHFWLRQ´�
±± ������DGYDQFH�ZDUQLQJ�RI�KHDY\�SUHFLSLWDWLRQ������DGYDQFH�ZDUQLQJ�RI�KHDY\�SUHFLSLWDWLRQ
±± 'XUDWLRQ�RI�KHDY\�SUHFLSLWDWLRQ'XUDWLRQ�RI�KHDY\�SUHFLSLWDWLRQ

■■ 5DLQ�UDWHV�RI�RIIVKRUH�V\VWHPV5DLQ�UDWHV�RI�RIIVKRUH�V\VWHPV
■■ 0RGHO�LQDGHTXDFLHV�0RGHO�LQDGHTXDFLHV�
±± 3RRU�WLPLQJ�RI�UDLQ�V\VWHPV3RRU�WLPLQJ�RI�UDLQ�V\VWHPV
±± 3RRU�PRLVWXUH�LQLWLDOL]DWLRQ3RRU�PRLVWXUH�LQLWLDOL]DWLRQ
±± 3RRU�43)�RUDJUDSK\3RRU�43)�RUDJUDSK\
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7URSLFDO�&\FORQHV7URSLFDO�&\FORQHV
■■ 1(6',6�6DWHOOLWH�$QDO\VLV�%UDQFK�1(6',6�6DWHOOLWH�$QDO\VLV�%UDQFK�
±± 7URSLFDO�&\FORQH�7HDP�KDV�JOREDO�UHVSRQVLELOLW\7URSLFDO�&\FORQH�7HDP�KDV�JOREDO�UHVSRQVLELOLW\
±± 5DLQIDOO�3RWHQWLDO�YLD�5DLQIDOO�3RWHQWLDO�YLD�REMHFWLYHREMHFWLYH�WHFKQLTXH�WHFKQLTXH
±± 5DSLG�LQWHQVLILFDWLRQ�#���*+]�SULRU�WR�YLVLEOH�H\H5DSLG�LQWHQVLILFDWLRQ�#���*+]�SULRU�WR�YLVLEOH�H\H

■■ 6LPSOH�0HWKRG�6LPSOH�0HWKRG�
±± $VVXPH�VWRUP�LQWHQVLW\�QRW�FKDQJLQJ�PXFK$VVXPH�VWRUP�LQWHQVLW\�QRW�FKDQJLQJ�PXFK
±± 'HWHUPLQH�GLUHFWLRQ�	�VSHHG�RI�PRWLRQ�IURP�*2(6'HWHUPLQH�GLUHFWLRQ�	�VSHHG�RI�PRWLRQ�IURP�*2(6
±± 8VH�660�,�WR�FDOFXODWH�³PD[LPXP´�UDLQIDOO�8VH�660�,�WR�FDOFXODWH�³PD[LPXP´�UDLQIDOO�

■■ 6OLFH�WKURXJK�VWRUP�FHQWHU�DQG�SDUDOOHO�WR6OLFH�WKURXJK�VWRUP�FHQWHU�DQG�SDUDOOHO�WR
GLUHFWLRQ�RI�PRWLRQGLUHFWLRQ�RI�PRWLRQ

■■ 'HWHUPLQH�UDLQIDOO�PHDQ�IURP�660�,�UDLQIDOO�('5'HWHUPLQH�UDLQIDOO�PHDQ�IURP�660�,�UDLQIDOO�('5



5DLQIDOO�(VWLPDWLRQ���6WHSV���	��5DLQIDOO�(VWLPDWLRQ���6WHSV���	��
Hurricane Georges 27 Sep 98  1500 Z

1. Obtain most recent SSM/I 
rainfall composite

2. Determine storm speed,
V, and direction of movement
 from GOES loops



5DLQIDOO�(VWLPDWLRQ���6WHSV������5DLQIDOO�(VWLPDWLRQ���6WHSV������
Hurricane Georges 27 Sep 98  1500 Z

3. Determine x-section
through storm center (or
maximum rain bands).

4. Compute mean rain
through x-section, Ravg,
and width, D, via automated,
objective routine.

5. Rainfall potential=
           (Ravg)(D)/V



+XUULFDQH�0LWFK�IURP�660�,+XUULFDQH�0LWFK�IURP�660�,



+XUULFDQH�0LWFK��FRQ¶W�+XUULFDQH�0LWFK��FRQ¶W�



+XUULFDQH�0LWFK��FRQ¶W�+XUULFDQH�0LWFK��FRQ¶W�



+\EULG�6\VWHPV���+XUULFDQH�/LOL+\EULG�6\VWHPV���+XUULFDQH�/LOL
In October 1996, and interesting meteorological situation evolved over the eastern
United States, which eventually caused widespread flooding rains from the Mid-
Atlantic states through New England. The SSM/I fields of rain rate and Total
Precipitable Water (TPW), in conjunction with co-incident visible and IR
observations from the DMSP OLS instrument, depict this evolution  quite nicely.

On October 17, 1996, Hurricane Lili was gaining strength south of Cuba, while a
strong band of thunderstorms formed along a strong cold front in the Central
United States. Two days later, a strong surface low formed along the mid-Atlantic
coast, and the entire system slowed as the upper level low feature began to "cut
off" at 500 mb. Lili emerged north of Cuba, and the moisture from this storm began
feeding into the storm system over the United States, as depicted by the increasing
values of TPW converging along the east coast. The "connection" between the two
systems is quite apparent from the SSM/I rain rate and TPW fields, as well as the
OLS visible image. The storm system moved slowly up the eastern over the next 2
days, causing copious  amounts of rainfall over eastern New England, with a
maximum of 19.2" at Camp Ellis, ME. Although Lili moved eastward away from
the United States, the tropical connection between the two systems maintained
itself through the episode.













8VHV�RI�3URGXFWV8VHV�RI�3URGXFWV

&OLPDWH�$SSOLFDWLRQV&OLPDWH�$SSOLFDWLRQV



&OLPDWH�$SSOLFDWLRQV&OLPDWH�$SSOLFDWLRQV

■■ 660�,�WLPH�VHULHV�660�,�WLPH�VHULHV�
±± 2YHU����\HDUV�LQ�OHQJWK2YHU����\HDUV�LQ�OHQJWK

■■ *RRG�IRU�³FOLPDWH´*RRG�IRU�³FOLPDWH´
±± 2UELWDO�RYHUSDVV�WLPHV�������KRXU2UELWDO�RYHUSDVV�WLPHV�������KRXU
±± 6HQVRU�FDOLEUDWLRQ�VWDEOH6HQVRU�FDOLEUDWLRQ�VWDEOH
±± ,QWHUVDWHOOLWH�FDOLEUDWLRQV,QWHUVDWHOOLWH�FDOLEUDWLRQV
±± *OREDO�FRYHUDJH*OREDO�FRYHUDJH

■■ /LPLWDWLRQV�/LPLWDWLRQV�
±± ��RYHUSDVVHV�GD\��������GHJ��/DWLWXGH��RYHUSDVVHV�GD\��������GHJ��/DWLWXGH
±± 7URSLFV�a���GD\7URSLFV�a���GD\



&OLPDWH�$SSOLFDWLRQV&OLPDWH�$SSOLFDWLRQV

■■ 9DULRXV�W\SHV�RI�DSSOLFDWLRQV�9DULRXV�W\SHV�RI�DSSOLFDWLRQV�
±± /RQJ�WHUP�PRQLWRULQJ�DQQXDO�F\FOH/RQJ�WHUP�PRQLWRULQJ�DQQXDO�F\FOH
±± ,QWHUDQQXDO�YDULDELOLW\,QWHUDQQXDO�YDULDELOLW\

■■ (162�VLJQDWXUHV(162�VLJQDWXUHV
■■ 0RQWKO\�VHDVRQDO�YDULDWLRQV0RQWKO\�VHDVRQDO�YDULDWLRQV

±± (SLVRGLF�HYHQWV(SLVRGLF�HYHQWV
■■ )ORRGV�GURXJKWV)ORRGV�GURXJKWV
■■ 'DLO\�PHDQ�ORRSV��V\QRSWLF�YDULDWLRQV'DLO\�PHDQ�ORRSV��V\QRSWLF�YDULDWLRQV



+RZ�LV�LW�GRQH"+RZ�LV�LW�GRQH"

■■ *HQHUDWH�³WLPH�VSDFH�DYHUDJH´�SURGXFWV�*HQHUDWH�³WLPH�VSDFH�DYHUDJH´�SURGXFWV�
±± 0RQWKO\����GHJUHH�DQG�����GHJUHH�JULGV0RQWKO\����GHJUHH�DQG�����GHJUHH�JULGV

■■ FRPSHQVDWH�WLPH�ZLWK�VSDFHFRPSHQVDWH�WLPH�ZLWK�VSDFH
■■ FRUUHODWLRQ�OHQJWK�FRUUHODWLRQ�OHQJWK�

±± UDLQIDOO���¶V�RI�NPUDLQIDOO���¶V�RI�NP
±± 73:����¶V�RI�NP73:����¶V�RI�NP

±± $YHUDJLQJ�$YHUDJLQJ�
■■ 6LPSOH�OLQHDU�PHWKRGV6LPSOH�OLQHDU�PHWKRGV
■■ 3')¶V��PLJKW�EH�PRUH�UHDOLVWLF3')¶V��PLJKW�EH�PRUH�UHDOLVWLF

■■ 'HILQH�EDVH�SHULRG�WR�FRPSXWH�³DQRPDO\´'HILQH�EDVH�SHULRG�WR�FRPSXWH�³DQRPDO\´



660�,�7LPH�6HULHV660�,�7LPH�6HULHV

Satellite A/D Overpass Time
(LST)

Period of Record

F-8 0615/1815 7/87 - 12/91*
F-10 2200/1000 1/92 - present
F-11 1815/0615 1/92 - 4/95
F-12 2130/0930 failed
F-13 1730/0530 5/95 - present
F-14 2130/0930 6/97 - present

*85 GHz failure 6/90



*OREDO�5DLQIDOO�3DWWHUQV*OREDO�5DLQIDOO�3DWWHUQV



*OREDO�5DLQIDOO�3DWWHUQV*OREDO�5DLQIDOO�3DWWHUQV



*OREDO�5DLQIDOO�9DOLGDWLRQ*OREDO�5DLQIDOO�9DOLGDWLRQ



*OREDO�5DLQIDOO�9DOLGDWLRQ*OREDO�5DLQIDOO�9DOLGDWLRQ



(UURU�VRXUFHV(UURU�VRXUFHV
RA(t)=1/A ✩A r(x,t) dx

RAT= (1/AT) ✩A ✩T  r(x,t) dx dt

      = 1/T ✩T  RA(t) dt

RSAT(t) = RA(t) + ✐(t)

✐2
AT = ✐2

ALG   +  ✐2
SAM



2FHDQ�5DLQ�5HWULHYDO�(UURUV2FHDQ�5DLQ�5HWULHYDO�(UURUV

C1:radar is perfect

C2: radar=ssmi
in bias and variance

C3: bias -->radar
       random-->ssmi
 









,QWHUDQQXDO�9DULDWLRQV,QWHUDQQXDO�9DULDWLRQV



,QWHUDQQXDO�9DULDWLRQV,QWHUDQQXDO�9DULDWLRQV



,QWHUDQQXDO�9DULDWLRQV,QWHUDQQXDO�9DULDWLRQV



,QWHUDQQXDO�9DULDWLRQV,QWHUDQQXDO�9DULDWLRQV



5HJLRQDO�0RQLWRULQJ5HJLRQDO�0RQLWRULQJ



8VHIXO�:HE�6LWHV8VHIXO�:HE�6LWHV
:(%�6,7( 85/�$''5(66 :+$7¶6�7+(5(

12$$�1(6',6�25$

+\GURORJ\�7HDP�

0LFURZDYH�6HQVLQJ

*URXS

KWWS���RUELW��L�QHVGLV�QRDD�JRY�DUD

G��LQGH[�KWPO

$FFHVV�WR�LPDJHU\�RI�GDLO\�660�,

DQG�$068�FKDQQHO

PHDVXUHPHQWV��PRQWKO\�FOLPDWH

SURGXFWV��DQG�FDVH�VWXGLHV

12$$�1(6',6�25$

2FHDQ�6FLHQFHV�7HDP

KWWS���PDQDWL�ZZE�QRDD�JRY�GRF�

VVPLSUHFLS�KWPO

2FHDQ�ZLQG�VSHHGV��73:��DQG

UDLQ�UDWHV��XSGDWHG�HYHU\���KRXUV�

/RRSV�RI�GDLO\�PHDQ�660�,

SURGXFWV�

12$$�1(6',6�25$

+\GURORJ\�7HDP

IWS���RUELW��L�QHVGLV�QRDD�JRY�

DUDG�KW�II�VZL�KWPO

6RLO�ZHWQHVV�DQG�DQRPDOLHV

12$$�1(6',6�26'3'

6KDUHG�3URFHVVLQJ

KWWS���SVEVJL��QHVGLV�QRDD�JRY���

���36%�6+$5('B352&(66,1*�

6+$5('B352&(66,1*�KWPO

$FFHVV�WR�660�,�SURGXFWV�DV

UHFHLYHG�IURP�)102&

1&'&

KWWS���ZZZ�QFGF�QRDD�JRY�RO�

VDWHOOLWH�VVPL�VVPLSURGXFWV�KWPO

$FFHVV�WR�DUFKLYHG�JOREDO�PRQWKO\

SURGXFWV

1*'&

KWWS���ZZZ�QJGF�QRDD�JRY�

GPVS�GPVS�KWPO

$FFHVV�WR�DUFKLYHG�'063�GDWD�

FDVH�VWXGLHV��DQG�JRRG

EDFNJURXQG�LQIRUPDWLRQ

&,5$

KWWS���DPVX�FLUD�FRORVWDWH�HGX�

$FFHVV�WR�$068�SURGXFWV



8VHIXO�5HIHUHQFHV8VHIXO�5HIHUHQFHV
■ $OLVKRXVH�-�&���6��6Q\GHU��-��9RQJVDWKRUQ�DQG�5�5��)HUUDUR������D��'HWHUPLQDWLRQ�RI�RFHDQLF

WRWDO�SUHFLSLWDEOH�ZDWHU�IURP�WKH�660�,��,(((�7UDQV��*HR��5HP��6HQV���������������

■ )HUUDUR��5�5��DQG�*�)��0DUNV��������7KH�GHYHORSPHQW�RI�660�,�UDLQ�UDWH�UHWULHYDO�DOJRULWKPV

XVLQJ�JURXQG�EDVHG�UDGDU�PHDVXUHPHQWV��-��$WPRV��2FHDQLF�7HFKQRO���������������

■ )HUUDUR��5�5���)��:HQJ��1�&��*URG\��DQG�$��%DVLVW��������$Q�HLJKW�\HDU�������������WLPH�VHULHV

RI�UDLQIDOO��FORXGV��ZDWHU�YDSRU��VQRZ�FRYHU��DQG�VHD�LFH�GHULYHG�IURP�660�,�PHDVXUHPHQWV�

%XOO��$PHU��0HWHRU��6RF���������������

■ )HUUDUR��5�5���(�$��6PLWK��:��%HUJ��DQG�*��+XIIPDQ��������$�UHYLHZ�RI�VFUHHQLQJ�WHFKQLTXHV

IRU�SDVVLYH�PLFURZDYH�SUHFLSLWDWLRQ�UHWULHYDO�DOJRULWKPV���-��$WPRV��6FL�����������������

■ )HUUDUR��5�5���������660�,�GHULYHG�JOREDO�UDLQIDOO�HVWLPDWHV�IRU�FOLPDWRORJLFDO�DSSOLFDWLRQV��-�

*HRSK\V��5HV����������������������

■ *URG\��1�&���������&ODVVLILFDWLRQ�RI�VQRZ�FRYHU�DQG�SUHFLSLWDWLRQ�XVLQJ�WKH�6SHFLDO�6HQVRU

0LFURZDYH�,PDJHU��660�,���-��RI�*HRSK\V��5HV�����������������

■ :HQJ��)���DQG�1�&��*URG\��������5HWULHYDO�RI�FORXG�OLTXLG�ZDWHU�XVLQJ�WKH�VSHFLDO�VHQVRU

PLFURZDYH�LPDJHU��660�,���-��*HRSK\V��5HV�������������������



5HIHUHQFHV�RQ�9DOLGDWLRQ5HIHUHQFHV�RQ�9DOLGDWLRQ
■■ *3&3�$OJRULWKP�,QWHUFRPSDULVRQ�3URJUDP��$,3¶V��*3&3�$OJRULWKP�,QWHUFRPSDULVRQ�3URJUDP��$,3¶V��

±± (EHUW�(EHUW�DQG�DQG�$UNLQ�$UNLQ���%$06�����["��%$06�����["
■■ :HW1HW:HW1HW�3UHFLSLWDWLRQ�3UHFLSLWDWLRQ�,QWHUFRPSDULVRQ�,QWHUFRPSDULVRQ�3URMHFWV���3URMHFWV��3,3¶V3,3¶V����

±± 3,3����5HPRWH�6HQVLQJ�5HYLHZV��3,3����5HPRWH�6HQVLQJ�5HYLHZV��������1R������������1R����������
±± 3,3����-$6��3,3����-$6��������1R�����0D\�������1R�����0D\�����

■■ 6RPH�UHFHQW�VWXGLHV�6RPH�UHFHQW�VWXGLHV�
±± /L/L��4��5��)HUUDUR�DQG�1���4��5��)HUUDUR�DQG�1��*URG\�*URG\��������'HWDLOHG�DQDO\VLV�RI�WKH�HUURU��������'HWDLOHG�DQDO\VLV�RI�WKH�HUURU
«�7URSLFDO�2FHDQ�5DLQIDOO��-*5��«�7URSLFDO�2FHDQ�5DLQIDOO��-*5������������������������������������

±± &RQQRU��0��DQG�*��3HWW\��������9DOLGDWLRQ�DQG�&RQQRU��0��DQG�*��3HWW\��������9DOLGDWLRQ�DQG�,QWHUFRPSDULVRQ�,QWHUFRPSDULVRQ�RIRI
660�,«�8QLWHG�6WDWHV��-$0��660�,«�8QLWHG�6WDWHV��-$0��������������������������

±± ;LH;LH��3��DQG�3����3��DQG�3��$UNLQ$UNLQ��������$QDO\VLV�RI�JOREDO�PRQWKO\�SUHFLSLWDWLRQ��������$QDO\VLV�RI�JOREDO�PRQWKO\�SUHFLSLWDWLRQ
XVLQJ�JDXJH�REVHUYDWLRQV�DQG�VDWHOOLWH�HVWLPDWHV«���-&/,0��XVLQJ�JDXJH�REVHUYDWLRQV�DQG�VDWHOOLWH�HVWLPDWHV«���-&/,0����������������
��������



)RU�0RUH�,QIRUPDWLRQ«�)RU�0RUH�,QIRUPDWLRQ«�

5DOSK�)HUUDUR5DOSK�)HUUDUR
2IILFH�RI�2IILFH�RI�5HVHDUFQ�5HVHDUFQ�	�$SSOLFDWLRQV	�$SSOLFDWLRQV
(�5$���::%�5RRP����(�5$���::%�5RRP����
12$$�1(6',612$$�1(6',6
����������$XWK�$XWK�5RDG5RDG
&DPS�6SULQJV��0'������������&DPS�6SULQJV��0'������������
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