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level

(0.23m) (0.63m)

height (m)

Toshiba 4010
Campbell CR-23X (1763)
Campbell cable

Toshiba 4000
Campbell CR-23X(1692)
Serial 9-pin-9pin cable

Gateway
Campbell CR-23X(1762)
Serial9-pin-9pin cable

1

N

2.3
4.1

5.9
7.7
9.5

11.3
13.1

14.9
16.7
18.5
20.3

22.1
23.9
25.7
27.5
29.3
31.1
32.9
34.7
36.5
38.3
40.1
41.9
43.7
45.5
47.3
49.1
50.9
52.7
54.5
56.3
58.1

30.39m

3.3m

1 2

33
34

2

Plan view

��� �������������������� "!$#�!%�'&�( ��#�!�)�*+�%�'�-,/.0� !�)�!%)1.��'�324��576%8/9: ; ",�� )
.�!�<=���?>

Bd5.Z\5PBd5P9Je.5�Tdc?5PBd_`LNEbTDUMB£�?@H�?<Ö½V¹V�8W�k�Z\UMB�7�Bd7V9?~V5 U:Z��:x
¤M�X�YW[��LNE=ePBD@CePLN7VOVTdU�Tdc?5h7:�CEDUVON@QTD5^7VeYe.@?Bi7VeP��UVZQTDc?5^TDcC5PBDx
_`UQe.UV@Ca?O�5�_`5Y7VED@?Bd5P_`5P9XT8< u U«e.UMBDBd5Ye.T�Z\UVB`IQL�EDePBD5YaC7:9?x
e.LN5YE��/5.T��^5P5P9�TDc?5�L�9XTd5PBd9C7:OgI?7vTi7vx�O�UM~V~M5PB`TDcC5PBd_(L�EbTDUVBiEYk
7:9JIÄL�_`a?BdUvwV5(TDcC5�Bd5PO�7vTDLNwV5	7MePeP@?Bd7Me.��UVZ[TDc?5BA .�# _`5Y7:xED@?BD5Y_`5P9XTdE�Z\BDUM_ IQL�¨©5PBd5P9XT�I?7vTi7vx�O�UM~V~M5PBiEPkATDc?Bd5P5«TDcC5PBDx
_`UQe.UV@Ca?O�58Eh�\UM9?5�e.UM9?9?5Ye.TD58I�TdU�5Y7Veic`I?7:Td7HO�UM~V~M5PBG�,�^5PBd5
a?O�7VeP5YI�9?587:BH5Y7Meic�U:Tdc?5PB`�\ON5YEdE�TDcC7V9«½�eP_'Eb5YaC7:Bi7vTdL�UM9J�
7vT(TDcC5�½M½Q<N��_�ON5PwM5PO��zÆ*LN~��8�G< ±�T`�[7VE`7MEDED@?_`5YI�TDcC7:T
I?7:Td7�Z\BdUV_ TDcC5YED5	TDcCBD5Y5	TDcC5PBd_(UQePUV@?a?ON5YE(EDc?UV@?O�IÄ�/5�LN9
7:~MBD5Y5P_`5P9XT8<*]�9�5.|?7V_(aCO�5hTdL�_`5gEb5YBDLN5YE�U:Z,Tdc?5�Bi7¬��TDcC5PBDx
_`UQe.UV@Ca?O�5"I?7vTi7�LNE�~VLNwV5Y9�LN9§Æ*LN~C</½V7?<g� u c?5(ED7V_`5�I?7vTi7
7vZÁTd5PB}7:aCa?O��6LN9?~ge.UVBdBd5YeGTdL�UM9CE*IQ5YEde.BdL��/5YI�L�9`ED5YeGTdL�UM9(�Ck:7:Bd5
EDc?Uv�h9�LN9«Æ*L�~J<©½:�,<Ö�«�H7vTi7	Bd5YePUVBiIQ5YI)�6��5Y7Meic�U:Z}Tdc?5`�
I?7:Td7vx�ONUV~V~M5PBiE^�hL�ONO!�/5�IQ58EbLN~V9J7vTD58I�7VECA ��� �%�.�# kDA  "� E.�# kJ7V9CI
A ( !�<.�# kQBD58Eba/5Ye.TDLNwV5PON�V<

u c?5�7VEDa?LNBd7:TD58I�Td5P_`aJ5YBd7:TD@?Bd5�Eb5Y9CEDUVBiE(7VBD5GFª7VLNEd7:O�7
¹:�:Ç#»�@C_(L�TbTd5PBhED5P9CEDUVBiE��\aCON7:TDLN9X@C_"x�Bd5YEDLNEbTd7V9Ce.5�IQ5Yw6LNeP5YEi�
�hc?L�eic�7:Bd5�_`5YeicC7V9?L�eP7:ONON�£7VEDa?LNBd7:TD58I¯7:9CI�5Y9Ce.ONUMED5YI�LN9
7�IQ@C7VO�xye.UM9Ce.5Y9XTDBdLNe.x�eP�XONLN9CIQ5PB�EDc?LN5PO�I²<�{�7Meic�ED5P9JEbUMB��^7ME
LN9CIQLNwXL�IQ@C7VO�ON��eY7:ONL��CBd7:TD5YI��6� S W^]�f�] u ��k/7:9CI�cC7VEh7V9
5YEbTDLN_�7vTd5YIIHJ5PO�I�7VeYe.@?Bi7VeP��U:Z"7V�JUM@QTJ@H�C<��¬�PW�< u c?5Ä�
ED5P9CEDUVBiEhUV9)Tdc?5�_�7:LN9)TDUv�^5PB��A5YBD5�ONUQeP7vTd5YI�7:T�9?UV_`LN9C7:O
c?5YL�~McMTiE[U:Zª¹Qk²�¬¹QkC½V¹?kQ�M¹QkQ¤6¹Qk?7V9CI�¹M¹"_�<



0 10 20 30 40 50 60 70 80
4

4.5

5

5.5

6

6.5

7

7.5

8
T

tc
, ° C

(R
aw

 D
at

a)
(a)

High−Level Data Logger

Low−Level Data Logger

Mid−Level Data Logger

 22.1 m.

 27.5 m.

 22.1 m.

0 10 20 30 40 50 60 70 80
4

4.5

5

5.5

6

6.5

7

7.5

8

T
tc

, ° C
(M

ea
n−

C
or

re
ct

ed
 a

nd
 D

es
pi

ke
d 

D
at

a)

(b)

Time, s

 22.1 m.
 22.1 m.

 27.5 m.

��� ��������KL�"2M)1N�6O9:PQ.0�  "�"P����-� ��PR!%S�.��'���- "!$#�!%�'&�( �Q.��� "&+���-,/.0���-�UTV,LW
<D� .��'!%��.X,%)'EGTVY'WU<M� .��B "��,�)Z#�!%�-����#?.�� !%)[,�)�EBE'��P-&�� \$� )���>]�D���-���
P-��)'P-!%��PM,��-�Q,/.^K�KL> �_ `TV( !�<ba� "� E�ac,�)�E���� ���UE',/.0,"( !����%���-P0WD,�)�E�!�)��
� P^,%._K�dL> �� eTV "� E�9f( �?gL��(hE',/.0,�( !��%������WiSV��!% `�/dUj^#?.�!%Y+���kTVlL5JK�m/8LW0a
K�nL� o�NL� n�n193K/p�� 8%8�� 8%8rq=5b�i>b���'������� ���L.U!%S"��,%#s�tP-��)�P-!���� PUP���!�<M)
!�)u.��'�U��� ���L.-9:��,�)�EuP-� E'�%>vTVwi!/.0��.���,%.�.��'��P-��,%�-��)'� ���L.-.��  "��P�.�,�Y�( �
Y+!%�')�E',%��xU( ,�x����bE',/.0,�<D�'� #0�C� Pi<D�Lx�.��'�R.0�� "&c����,/.��'�-�^,%.RK%d$> o� ]� P
<=,��- "����.0��,�)U,%.bK%K$> �_ �> W

y �gr�·go^·Â��p	q�t"¶g¸*¸�m.n{z
u c?5YBD_`UQe.UM@?a?ON5�Td5P_`a/5PBi7vTD@CBD58E`BD58e.UVBiIQ58I��hL�TDc�TDcC5

_`LNICIQO�5Px�ON5PwM5PO�W^f�½:�V¾ I?7:Td7vx�ONUV~V~M5PB���4 S �8�V�X½V�Ä�^5PBd5
Z\UV@C9CI�TDU�cC7¬wM5HED5PwM5PBi7:O}�zePUVBdBD58eGTd7V�?ON58�Aa?BdUV�?ON5P_�EY<k|�UMEbT
U:Z"TDc?5¥aCBDUQe.58EDEDLN9?~ Td5Yeic?9CLN®X@?58E�IQ5YEde.BdL��/5YI#c?5YBD5YL�9�7:Bd5
�C7MEb58I)UV9§I?7:Td7`Z\BdUV_�Tdc?BD5Y5�TDcC5PBd_(UQePUV@?a?ON5YEH7vTg½V½Q<N��_
�zÆ*LN~C<`�8�.< u c?50a?BDUQeP5YEdEbLN9?~#EbTD5YaCEÄ7:Bd5~}É�b�8�§BD5Y_`UvwV5
EDa?Lf�M5YE©Z\BdUV_#TDcC5ªTDLN_`5AED5PBdL�58EPk¬7:9JI��º½V��7VeYe.UV@C9MT²Z\UMB!I?7:Td7:x
ONUV~V~M5PBhTdL�_`5Px�EbTd7V_(a�IQL�¨/5YBD5Y9Ce.58E�7:9JI�_`5Y7:9«IQL�¨©5PBd5P9Je.5YE
7:_`UM9?~¥I?7vTi7§Z\BdUV_2TDc?5)Tdc?Bd5P5�IQL�¨/5YBD5Y9XT�I?7vTi7vx�O�UM~V~V5YBdEY<
u c?5	EDa?L:�V5YEHUM9?O��«7:a?a/5Y7VBD58I§LN9�TDc?5(TD5Y_`aJ5YBd7:TD@?Bd5	I?7vTi7
Z\BdUV_ÊTdc?5�_`LNI6x�ON5PwV5YO,I?7vTi7(O�UM~V~V5YBY<

u c?5�I?7:Td7)EbaCLf�M5YEgUQePeP@?BDBd5YI«EbLN_�@CO�Ti7:9?5YUV@CEDO���UM9�7VO�O
�8½ eicC7:9C9?5PO�E�L�9�A .0# I?7vTi7�Z\BdUV_ TDcC5�_`L�I6x�O�5YwV5PO�I?7:Td7:x
ONUV~V~M5PB��zÆ*LN~C<J½V7M�.< u c?5P���A5YBD5�7:ON�[7¬�6EH�Px�Ed7:_`a?ON5gL�9�IQ@Qx
Bi7vTDLNUV9�<*{ª¨/UMBbTiE}TDU"LNI?5P9XTDL�Z\��7:9CI�Bd5P_`58IQ��Tdc?5H_(L�I6x�O�5YwV5YO
W^f�½V�:¾�EDa?L:�V5�aCBDUM�?O�5Y_ÃLN9	Tdc?5XHJ5PO�I��A5YBD5�@?9CED@CePeP5YEdE�Z\@?O
�\LN9?L�TDL�7:ONO��`�^5�ED@CEDaJ58eGTD58I	7�~MBDUM@?9CIQLN9?~�a?BdUV�CO�5Y_ 7V9CI`�^5
7:O�EDU�TDBdL�58I�ED�hL�Tieic?L�9C~�TDc?5"_`LNI?I?O�5(7:9CI�ONUv�^5PB�O�7:aQTdUVaCEi�G<
]hZÁTd5PBge.UM9�HCBd_(LN9?~�TdcC7vT�TDc?5(EbaCLf�M5YE��^5PBd5�Bd5P_`Uvwv7:�?ON5�LN9
a/UMEbTbx�a?BDUQeP5YEdEbLN9?~Ck²9CU�Z\@?BDTDcC5PB�7MeGTDLNUV9«�^7ME�Td7��M5P9«TDU�H?|
TDcC5�a?BDUM�?ON5P_2LN90TDc?5JHC5PO�I²<���@?BdL�9?~¥a/UMEbTbx�a?BdUQe.5YEdEDL�9?~Jk
7	ONUv�[x�aC7VEdE�HCO�TD5YB�Td5Yeic?9?L�®X@?5��[7VE�@CED5YI)TdU�L�IQ5P9XTDL�Z\�)TDcC5
A  "� E.�# Eba?L:�V58EPkM�hc?L�eic��A5YBD5�ED@?�CED5Y®X@?5Y9MTdO��(5PONLN_(LN9C7:TD5YI`�6�
Bd5Pa?O�7VePL�9?~HTdc?5�EDa?Lf�M5h�hL�Tdc`TDc?5�_(58IQL�7:9`U:Z©TDcC5��P¤gwv7:ON@?5YE
7:BdUV@C9CI�L�T��zÆ*LN~C<C½:�J�G<
Æ*L�~M@?Bd5(�M7�L�E�7)e.UV_`a/UMEDL�Td5"UVZ�Tdc?5`TD5Y_(a/5PBi7vTd@?Bd5(I6x

L�¨/5YBD5Y9Ce.58E��/5.T��^5P5Y9�TDcC5§Tdc?BD5Y5{A .�# _`5Y7MEb@?Bd5P_`5Y9MTiE�7:T½V½?<��Y_�_�7VIQ5�6� 587Veic�U:Z�TDcC5�TDc?Bd5P5³I?7:Td7 ONUV~V~M5PBiE
TDcCBDUM@?~Vc?UM@QT�UVZ*Tdc?5�5Y9XTDLNBD5�UM�CED5PBdw¬7:TDLNUV9C7VO,a/5PBdL�UQI²< u cC5

7¬wV5YBd7V~V5vA  "� E.0# L�E	7:�/UV@QT�½vx��X�YW O�Uv�^5PB(TdcC7:9�Tdc?5)TD5Y_"x
a/5PBi7vTD@CBD5�Z\BDUM_ÂTDcC5�UVTDc?5YB`T��AUÄI?7:Td7�O�UM~V~M5PBiEP<¥±y9¯7VIQx
IQL�TDLNUV9,k?I?L�¨©5PBd5P9CeP5YE^LN9XwMUVONw6L�9?~rA  "� E.�# cC7¬wM5�7"ON7VBD~M5�EbTd7:9?x
I?7VBdI"IQ5Pw6L�7vTDLNUV9��z�?<Ö½V¹M�YW[�!�/5YeP7V@CED5�Tdc?5^I?L�¨©5PBd5P9CeP5^EDONUv�[x
ON��eicC7:9?~M5YI�TDc?BdUV@?~Mc?UV@?T�TDcC5^5P|QaJ5YBDLN_`5P9XTY<=]�E=EDc?Uv�h9�LN9
Æ*L�~J<²�V7?k©Td5P_`a/5PBi7vTD@CBD5(IQL�¨©5PBd5P9Je.5YEH�/5.T��^5P5Y9�A  "� E.�# 7V9CI
A �'� ���.�# 7:T"½V½?<��`_�Bi7:9C~V5YI§Z\BdUV_¿xy�?<N�8¹M�PWÉ�zI?7¬�XTDLN_`58��TdU
� �?<N�8¹M�PWÊ�z9?LN~VcXTbTdL�_`58�.k��hc?L�eic�LNEH�hL�TDc?LN9�TDc?5�@H�?<Ö½V¹M�PW
7:�JEbUMO�@QTd5^7MePeP@?Bd7Me.�gU:ZJTDc?5[Bd5.Z\5YBD5Y9Ce.5�TDc?5YBD_`L�E�TdUVB=�hL�Tdc?LN9
TDcC5�I?7vTi7"ONUV~M~V5YBdEY<

WAUV_`aC7VBDL�EDUV9CE²�/5.T��^5P5Y9�7VEDa?LNBd7:TD58IgTD5Y_(a/5PBi7vTd@?Bd5AI?7:x
Td7�A ,/.0E 7vT	¹V¹)_�7V9CI�A .�# I?7:Td7§9?5Y7VB�Tdc?5�Ed7:_`5�O�5YwV5YO�^5PBd5�@CED5YI�TDU`IQ5YePLNI?5H�hcC5.TDcC5PB�A ( !�<.�# UVBUA ��� ���.0# �A5YBD5�TDcC5
_`UVBd5	7VeYe.@?Bi7vTd5	_`5Y7VED@?Bd5P_`5P9XTiE	�zÆ*LN~C<!�V�J�G< u cC5	TDcC5PBDx
_`UQe.UV@Ca?O�58E�LN_(_`58IQLN7:TD5YO��Ä7:�/UvwV5	7V9CI��J5YO�Uv� TDcC5�7VEDa?L�x
Bi7vTD58I�Eb5Y9CEbUMB	7:Bd5)�JUVTDc¯LN9Ce.ON@CIQ58I�L�90TDcC5§e.UM_(aJ7:BdLNEDUV9
7:9JI�Bd5PwV587:O�TDcC7:TYk�LN9 ~M5P9?5YBd7VOºk=Tdc?5�9?L�~McXTbTDLN_`5�wM5PBDTDL�eP7VO
TD5Y_`aJ5YBd7:TD@?Bd5�~MBd7MIQL�5Y9XT�9?5Y7VB�Tdc?5�¹V¹`_'ON5PwM5PO*�^7ME�wV5YBD�
ED_`7VO�O�< ±y9�Æ*L�~J<}�:�,kAUV9?5�aC7:LNB`U:Zge.@?BdwV58E�L�E(TDc?5GA �'� �%�.�#I?7:Td7��hL�TDc?UM@QTh7:96�(ePUVBdBD58eGTdL�UM9)�ºI?7VEDc?58IC�ª7V9CI`TDcC5�UVTDc?5YB
aC7VL�B��ºEbUMO�L�IC�^cC7ME�A ��� ���.0# ePUVBdBD58eGTD58I�7MEDED@?_`L�9C~"TdcC7vTXA ( !O<.�#I?7:Td7�7:Bd5gTDcC5�_`UMEbT�7VeYe.@?Bi7vTd5V< u c?5�e.UM9Ce.ON@CEDL�UM9)LNE�TDcC7:T
TDcC5�A ��� ���.0# I?7:Td7(@CED5YI;�D7VEbx�LNE���7VBD5gLN9��/5.TDTD5YB�7:~VBd5P5Y_`5P9XT
�hL�TDcJA ,%.�E 7:9CI)L�T��^UV@?O�I)�J5��J5PTbTD5YB�TdU	@CED5�TDcC5"½V½?<���_TDcC5PBd_(UQePUV@?a?ON5	�hc?L�eic�L�E�ePUV9?9?58eGTd5YIÄTdU�TDc?5�c?LN~VcQx�O�5YwV5YO
I?7:Td7vx�ONUV~V~M5PBg7VEHTdc?5�_`5Y7:9��bBd5.Z\5YBD5Y9Ce.5c��ED5P9JEbUMBgZ\UVB�I?7:x
Td7 a?BdU6eP5YEdEbLN9?~J< u c?5§_`587:9�e.UMBDBd5Ye.TDLNUV9CE	@CEb58I¯LN9�TDcC5
TDcC5PBd_(UQePUV@?a?ON5ÄI?7vTi7 a?BdUQe.58EDEDL�9C~��A5YBD5ÄeP7VONeP@?O�7vTD58I¯Z\UMB
5Y7Meic¥�?<Ö¹�c?UV@?BiE�UVZ�A .�# I?7vTi7?< u c?5	IQL�¨/5YBD5Y9Ce.58E�EDc?Uv�h9
LN9)Æ*LN~C<?�V�)7VBD5gEDL�_`LNON7VBhL�9)_�7:~M9?L�Td@CIQ5

12:00 14:00 16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00 08:00 10:00 12:00
−1.2

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

T
tc
high − T

tc
low

(left axis)

T
tc
mid − T

tc
low

(right axis)

T
tc
mid − T

tc
high

(right axis)

12:00 14:00 16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00 08:00 10:00 12:00
−0.2

−0.1

0

0.1

0.2

0.3

T
tchi

gh
 −

 T
at

d
55

m
, ° C

T
tc
high at 56.3 m

T
tc
high at 54.5 m

Local Time (HH:MM), CDT

(b)

12:00 14:00 16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00 08:00 10:00 12:00
−3.3

−3.1

−2.9

−2.7

−2.5

−2.3

−2.1

−1.9

22
.1

 m
 T

tc
 D

iff
er

en
ce

s,
 ° C

22
.1

 m
 T

tc
 D

iff
er

en
ce

s,
 ° C(a)

��� �������Un$���i!����-( x1Y�� )�9:,�g�����,%����E� "��,%P����-�� "��)L.�PQSV!��k.����U��)L.�� �-��K/8
E�,Ox�E���&'( !�x� "��)L.=.��  "�b&+���-� !$E�!%S~.0���^E'� �����-��)'#���P=Y+�?.�<=����)�TV,LW�.����Rn
.��'���- "!$#�!%�'&�( ��Pb,%."K�K$> �� ;,%)'EtTVY'WR.�����.������- "!$#�!���&'( ��P^,/."o�6L> n� 
,�)�E1o/p�> o� `,%)'E�.��'�3o�o� �24��5J,�P-&�� �-,%.���E�.��� "&+���-,%.����-�_E�,%.�,USV!��
( !�<�9:( �?g���(iE�,%.�,�( !%���%���3,%E%�-��P�.0��EuE�,%.�,rTVP-!�( � EcW",%)'EuE�,%.�,�.�,�\%��)�,%P�9
� PkSV�-!� `.0���U��� �%��9f( �?gL��(=E�,%.�,X( !��%������TVE�,�P-�'��E'W0>��D�������-�-!��kY�,��-P"� )
��� ��>$n%,^� )�E'� #�,/.���&�( ��P�9:!%�-9f "� )$��P�!%)'��P�.0,%)'E�,��-E"E��?g�� ,%.�� !%)_!/S+.��'��E',/.�,
� )U.���,%.MY'� )+>



0 1 2 3 4 5 6 7 8 9 10 11 12

−0.3

−0.25

−0.2

−0.15

−0.1

−0.05

0

T
tchi

gh
 −

 T
at

d
55

m
, ° C

T
tc
high at 56.3 m

T
tc
high at 54.5 m

Wind Speed at 45 m, m s^{−1}

��� �������Xp$�����'�XE�� �����-��)�#��CY+�?.�<=����)u.0���C.��'���- "!$#�!���&�( ��,�)�Et,%P-&'� 9
�-,%.���E�.��� "&+���-,%.������R "��,�P-���-�� "��)L.0P�gL���-P-�'Pi<D� )�ECP-&+����E�>^jb)'( xUE',/.�,
Y+�?.�<=����)C�/NL� 8�8",%)'EC6L� 8�83q=5b�Z,��-�R#�!�)�P�� E'���-��E+>

TDU�TDc?UXEb5^UV�JEb5YBDwM5YIHL�9(7�a?Bd5Pw6LNUV@CE*EbTD@CIQ�HTdcC7vT}e.UM_(aJ7:Bd5YI
TD5Y_`aJ5YBd7:TD@?Bd5YEªZ\BDUM_ÃTdc?5PBd_`UQe.UV@Ca?O�58E��zU:Z�wv7:BdLNUV@CEªI?LN7V_"x
5.Td5PBiEd���hL�Tdc Tdc?UMED5	Z\BdUV_�7MEbaCL�Bi7vTd5YI�TD5Y_`aJ5YBd7:TD@?Bd5�ED5P9?x
EDUVBiEH��W^7:_`a?�/5PONOª�Y�M�V�X�G<
u Uh5.|?7:_`LN9?5}TDcC5ª5.¨©5Ye.T�U:ZQ�hLN9CI�EDaJ5Y5YIgwv7:BdLN7:TDLNUV9CE©UM9

TDcC5�IQL�¨/5YBD5Y9Ce.5��J5PT��A5Y5P97A .�# 7:9CI]A ,%.�E _`5Y7VED@?Bd5P_`5P9XTiEUV9CO���TDcC5£9?LN~VcXTDTDLN_(5�I?7:Td7�7VBD50e.UM9CEbL�IQ5YBD58IÊ�zÆ*L�~J<g¤X�G<
>[7VED5YI�UV9	Tdc?5gUvwV5YBd7VO�O/I?7vTi7"ePUV_`aJUXEbL�TD5MkQ7:9�L�9CePBD587VED5�LN9
�hLN9CI�Eba/5P58I(Z\BDUM_ �[TdU"¹g_ E�� � Bd5YIQ@CeP5YE=Tdc?5�IQL�¨©5PBd5P9CeP5
�/5.T��^5P5P9eA .�# 7V9CI�A ,/.�E Z\BdUV_ �C< ½§TdU��?<N�8�YW�< u c?LNE	BD5Px
ED@?O�T^LNE^7:O�EDU�e.UM9CEbL�EbTD5P9XT��hL�TDc	TDc?5�HC9CIQLN9?~MEAU:Z*W^7V_`a?�J5YO�O
���8�V�M�M�G<
u 5P_`aJ5YBd7:TD@?Bd5YEÃZ\BdUV_ Tdc?5¿� TDc?5YBD_`UQe.UM@?a?ON5YEÊ7:T

½V½?<���_ BD5YwV587:ON5YI e.ONU6eL�ÃIQL�¨©5PBd5P9Je.5YE��J5PT��A5Y5P9 TDcC5��
W^f�½V�:¾ÂI?7vTi70O�UM~V~V5YBdEY< u U¯IQ5.Td5PBd_`L�9?5�Tdc?5¥wv7:ON@?5ÄU:Z
TDcC5�TDLN_`5.xyE�Ti7:_`a�IQL�¨/5YBD5Y9Ce.58EPk=A  "� E.�# 7:9JIGA ��� ���.0# I?7:Td7�7:T
½V½?<��h_'�zUvwV5PBA7���c?UM@?B�a/5PBdL�UQIC�ª�A5YBD5�Ebc?L�ZÁTD58I�UV9C5�ED7V_(x
a?ON5	7vT�7�TDLN_`5	BD5YON7:TDLNwV5"TDU�A ( !�<.�# 7:T�½M½Q<N�`_�<	ÆCUVB�587Veic
EDc?L�ZÁT�Tdc?5Äwv7:BdLN7V9Ce.5�U:Z"TDc?5¥IQL�¨/5YBD5Y9Ce.5Ä�/5.T��^5P5Y9�A  "� E.�#
7:9JI�A ��� �%�.�# BD5YON7:TDLNwV5(TDUGA ( !�<.�# �[7VEgeY7:O�e.@?O�7vTd5YI²k*7:9CI«TDcC5
_`L�9CL�_"@?_ wv7VBDL�7:9CeP5�e.UVBdBd5YEDaJUM9CI?E"TDUÄTdc?5)TDLN_`5.xyE�Ti7:_`a
IQL�¨/5YBD5Y9Ce.5¯�/5.T��^5P5Y9 I?7vTi7�O�UM~V~V5YBdEY< ]�ZÁTD5PB£eic?5YeL�6LN9?~
TDLN_`5.xyIQL�¨/5YBD5Y9Ce.5�wv7:ON@?5YE�Z\UVB�ED5PwV5YBd7VO�IQL�¨©5PBd5P9XT)IC7¬�6E�L�T
�[7VEªePO�587:BªTdcC7vTATDc?5�TDLN_(5HIQL�¨/5YBD5Y9Ce.5��J5PT��A5Y5P9	I?7:Td7�ONUV~Vx
~V5YBdE�eicC7V9?~V58I�7VE�TDcC5«5P|6a/5PBdLN_(5Y9XT)aCBDUM~VBd5YEdEb58I²< u cC5
TDLN_`5	EbcCL�ZÁTiEgBD5YON7:TDLNwV5"TDU�TDc?5`ONUv�[x�ON5PwM5PO�W^f�½V�:¾ÃZ\UVBgTDcC5
5P9XTdL�Bd5A5P|QaJ5YBDLN_`5P9XT}LNE*~VLNwV5Y9�LN9(Æ*LN~C<V¹?kv�hc?5PBd5^7�a/UMEDL�TdL�wM5
wv7:ON@?5�LN9CIQL�eP7vTd5YE�TDcC7:ThTD5P_`a/5PBi7vTd@?BD58E[Z\BdUV_ Tdc?5�_`L�I6xAUMB
c?LN~VcQx�ON5PwV5YOJI?7:Td7�O�UM~V~V5YBA7VBD5�O�7:~M~VLN9?~�Tdc?5�ONUv�[x�O�5YwV5PO/I?7vTi7
ONUV~V~M5PB�IC7vTd7C< u cC5�O�7:Bd~V5hË�@?_`aÄEb5Y5P9�UM9��HeGTdUV�/5PBg½:�:BiI
�[7VE=9?587:B=TDcC5hTDLN_`5h�hc?5P9�_�7:LN9(TDUv�^5PB}a/Uv�A5YB}�^7ME=BD58Eb5PT
�º½V�g�He.TDUM�J5YBh�Y�=} �V�gW^� u �=7V9CI"_�@CEbT}cC7¬wV5[7v¨©5Ye.TD5YI�TDcC5
W^f�½V�:¾ I?7vTi7�ONUV~M~V5PBiEY<�Æ?BdUV_�TDcC5(LN9QZ\UMBD_�7vTdL�UM9«EDc?Uv�h9
LN9�Æ!LN~C<[¹Qk[Bd5PO�7vTDLNwV5)TdL�_`5Px�EbTd7V_(a�I?L�¨©5PBd5P9CeP5YE��/5.T��^5P5Y9
TDcC5)IC7vTd7«ONUV~V~M5PBiE��^5PBd5�Bd5P_`UvwM5YI¥LN9£a/UMEbTbx�a?BdUQe.5YEdEDL�9?~J<
46LN9Ce.5gTdc?5�] u �TdUv�A5YBhI?7vTi7`�A5YBD5�TDLN_`5.xyE�Ti7:_`aJ58I)�hL�Tdc
�g;A4TDLN_`5Vk`TDcC5��Px�»�¼07MEbaCL�Bi7vTd5YI�Td5P_`aJ5YBd7:TD@?Bd5¯I?7vTi7
�\�hcC5P9 _`7MIQ5�7¬w¬7VL�O�7:�CO�5¬��eP7V9°�/5�@CEb58I³LN9 7�EDL�_`LNON7VB
TDLN_`5.xyE�Ti7:_`a�e.UV_`aC7VBDL�EDUV9��/5.T��^5P5Y9;A .�# 7:9JI`A ,%.�E 7V9CITDcC5Ä7V�CEDUVON@QTD5«w¬7VO�@C5«UVZ�TDc?5�Tdc?5PBd_`U6ePUV@?aCO�5ÄI?7vTi7�ONUV~Vx
~V5YBgTDLN_`5.xyE�Ti7:_`a¥eP7:9��/5�BD5YON7:TD5YI§TDU)Tdc?5�9?587:Bd5YEbTu�g;^4

ED5Ye.UM9CI²<É46UM_`5�ePUV9CEDLNI?5PBi7vTDLNUV9¯�hLNONO��J5�9?5P58IQ5YI#EbLN9CeP5
TDcC5hTDc?5YBD_`UQe.UM@?a?ON5�7:9CI�7MEbaCL�Bi7vTd5YI�TD5P_`a/5PBi7vTd@?BD5�ED5P9JEbUMB
cC7¬wM5HIQL�¨©5PBd5P9XT�BD58Eba/UV9JEb5HTDLN_`5YEY<

−50

0

50

100

150

200

02

0:0:0

03

0:0:0

04

0:0:0

05

0:0:0

06

0:0:0

07

0:0:0

08

0:0:0

09

0:0:0

10

0:0:0

11

0:0:0

12

0:0:0

13

0:0:0

14

0:0:0

15

0:0:0

16

0:0:0

17

0:0:0

18

0:0:0

19

0:0:0

20

0:0:0

21

0:0:0

22

0:0:0

23

0:0:0

24

0:0:0

25

0:0:0

26

0:0:0

27

0:0:0

28

0:0:0

29

0:0:0

30

0:0:0

October, 1999

# 
S

am
pl

es
 to

 S
hi

ft

T
im

e 
S

hi
ft,

 s

−10

0

10

20

30

40

Mid−level vs Low−level Data

High−level vs Low−level Data

��� ��������oL�_�D�  "�?9fP�.�,� "&�E'� �+������)�#���PbY�,�P-��E�!%)�.�����K�K$> �3 7.0�����- "!%9
#�!���&�( ��.0�� "&c����,/.��'�-��E�,%.�,�>45b� �����-��)�#���Ph,%���D�-��( ,%.�� g��=.�!b.��'��( !�<�9:( �?g���(
E�,%.�,M( !%���%����SV!%��.�������)L.�� �-���?��&+���-�  "��)L.?>��4,�( ����P�,��-��#�,�( #���( ,/.0��EbY�,�P-��E
!�)�n/9f�'!%�'��.0�  "�Q&+���-� !$E�PbTVP����^.��?�$.MSV!��DE'�?.�,%� ( P�W0>

� �gp�¶g¸�s��/o(¸

]hZÁTd5PB�7Va?a?ON�6L�9?~�7VO�O�TDc?5�ePUVBdBD58eGTDLNUV9JE�IQ5YEde.BdL��/5YI0LN9
ED5YeGTdL�UM9£��TDc?5)Bd5YED@?O�TdL�9C~§UvwV5YBd7VO�OA_`5Y7:9 TDc?5YBD_`UQe.UM@?a?ON5
_`5Y7MEb@?Bd5P_`5Y9MTiE}7:Bd5hEbc?Uv�h9`LN9�Æ!LN~MEY<V�M7H7V9CI`�:�,<ª��9�7¬wXx
5PBi7:~M5VkJTDc?5(9?LN~VcXTbTdL�_`5"TD5Y_(a/5PBi7vTd@?Bd5(7:T�TDcC5�TdUVa§UVZªTDcC5
TDUv�^5PBh�[7VE�7:�/UV@QTg�V�YW��[7:Bd_(5YB[TDcC7V9�7:LNB[TD5Y_(a/5PBi7vTd@?Bd5
9?587:B[TDcC5�~VBdUV@?9CI,<=]�Eh7:9)5.|?7V_(aCO�5gU:Z!TDc?5�ED_�7:ONO�xyEdeP7:ON5

12:00 14:00 16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00 08:00 10:00 12:00
5

10

15

20

25

(a)

T
tc

, ° C 58.1 m

0.23 m

12:00 14:00 16:00 18:00 20:00 22:00 24:00 02:00 04:00 06:00 08:00 10:00 12:00
−8

−6

−4

−2

0

2

4

T
tc

 −
 T

tc31
.1

m
, ° C

Local Time (HH:MM), CDT

58.1 m

0.23 m (b)

21:13:30 21:14:00 21:14:30 21:15:00 21:15:30
19

19.5

20

20.5

21

21.5

22

 23.9 m.

 40.1 m.

 47.3 m.
 52.7 m.
 58.1 m.

(c)

T
tc

, ° C

Local Time (HH:MM:SS), CDT

��� �������46$�h�i!%�'�-( x^Y�� )�9:,�gL���-,%����E^!%S~TV,LW+.��'���- "!$#�!���&�( �h "��,%P-�'�-�� "��)L.�P
,�)�E�TVY'WDE�� �����-��)'#���P=�-��( ,/.0� gL�b.�!�.����Rn$��> �k J.��'���- "!$#�!%�'&�( �iE�,%.�,kSV!��
.��'�=��)L.�� �-��K%8^E�,OxQE���&'( !�x� "��)L.�.��  "�=&+���-� !$E+>h�D�  "��P-���-� ��Ph!/S+P-��( ��#?.���E
.��'���- "!$#�!%�'&�( ��P4SV�-!� �.��'�^)�� ���L.M!%S����_jb#?.�!�Y+���i�/m%m�mk,��-�R� )U�h� ��>+6/#%>



5PwM5P9XTdE[eY7:aQTd@?BD58I��6�`Tdc?5�IQ5P9JEb5HwV5YBbTdLNeY7:O²7:BdBd7¬�`UVZ,TDc?5YBbx
_`UQe.UV@Ca?O�58EgÆ!LN~C<,�Me`Ebc?Uv��E�Tdc?5(TDc?5YBD_`UQe.UM@?a?ON5`7:T�¹M½Q< �
_��\TDc?L�eL��O�LN9?5¬���CBDLN5��C��IQ5.Td5YeGTdL�9C~(ePUVO�I�7:LNB��\_`UMEbThO�L:�V5YO��
TDBi7:9JEba/UVBDTD58I�@?a�Z\BdUV_¿�/5PONUv���H�hc?LNO�5[A .�# 7:T�¹:¤C<Ö¹	_ LNE
@?9C7:¨/58eGTd5YI²<^Æ?UVB�TDc?L�E��?BdLN5.Z=aJ5YBDLNUQI�L�T�L�E�e.ON5Y7VB[TDcC7:T�TDcC5
wV5YBbTdLNeY7:O²_`L�|6LN9?~`U:Z}7:LNBhL�E�7:ONO²UQePe.@CBDBdL�9C~(�/5PONUv��¹:¤C<Ö¹"_�<
|�UMBD5�IQ5.Ti7:LNO�58I#Ede.LN5P9XTDLfHJe«BD58Eb@CO�TiE�@CEDLN9?~ Tdc?5�TDc?5YBD_`UVx
e.UM@?a?ON5Ä_(587VED@?Bd5P_`5P9XTdE)eY7:9��J5ÄZ\UM@?9CI#L�9³46@?9�5PT�7VOº<
�º½V�V�M�M�A7:9CI���UMEbTD5YBDc6@?L�E^5.T�7VOº<,��½:�V�M�M�.<

�,��t`q	n§t��As)¸�mYq	n§¸
46_�7:ONO=IQLN7V_`5.TD5YB�Tdc?5PBd_`UQe.UV@Ca?O�58E��^5PBd5�@JEb58I)TDU)7Ve.x

e.@CBd7:TD5PON��_(587VED@?Bd5��:¤	ON5PwM5PO�EhU:Z}Td5P_`aJ5YBd7:TD@?Bd5�I?7:Td7��/5.x
T��^5P5P9��?<Ö½:��7:9JI0¹V¡?<N��_ UV9£TDc?5�_�7:LN9£TDUv�^5PB	IQ@?BdLN9?~
W^]�4?{A4Xxy�V�C< u U"aCBDUQe.58EDEATdc?5HTDc?5YBD_`UQe.UM@?a?ON5HI?7:Td7�TDLN_`5
EbTd7:_`a�IQL�¨©5PBd5P9Je.5YE��/5.T��^5P5P9§TDc?5`��IQL�¨©5PBd5P9XT�I?7vTi7	ONUV~Vx
~V5YBdE"�^5PBd5�5YO�LN_`L�9C7:TD58I²< u c?5�IQ58e.L�EbLNUV9£U:Z��hcCLNeic�I?7vTi7
ONUV~V~M5PB�TDU¯@CED5¥7VE�TDcC5¥BD5PZ\5PBd5P9CeP5§Z\UMB�a?BDUQeP5YEdEbLN9?~0�^7ME
�C7MEb58I¥UV90e.UV_`aC7VBDL�EDUV9CE��hL�TDc�e.UMO�UQeY7vTD58I�TD5Y_(a/5PBi7vTd@?Bd5
I?7:Td70Z\BdUV_ 7VEDa?L�Bi7vTd5YI�TD5Y_(a/5PBi7vTd@?Bd5 Eb5Y9CEDUVBiEP< u cC5YED5
e.UM_`aC7:BdLNEDUV9JE[BD5YwV5Y7VO�58I�9CL�~McMTDTDLN_`5�TDc?5YBD_`UQe.UM@?a?ON5gTD5Y_"x
a/5PBi7vTD@CBD58E¥TDcJ7vT£�^5PBd5��C<��¬�YW ON5YEdE�TdcC7:9ÊTdc?UMED5¯Z\BdUV_
EDc?L�5YONI?5YI²kX7VEDa?L�Bi7vTd5YI�TD5Y_(a/5PBi7vTd@?Bd5�Eb5Y9CEbUMBdEY<!Æ*LN9C7:ONON�VkM7V9
5.|?7V_(aCO�5�TdL�_`5�Eb5YBDLN5YE�U:ZhTDcC5�a?BdUQe.5YEdED5YI�A .�# IC7vTd7��^7ME~VLNwV5Y9��hc?L�eic)Ebc?Uv��EAc?Uv��7`ePO�UXEb5YO��XxyEbaC7Me.58I�wV5YBbTdLNeY7:O©7:BDx
Bi7¬��U:Z^TDc?5YBD_`UQe.UM@?a?ON5YE�Ed7:_`a?ON5YIÄ7vT�7)cCL�~Mc�Bi7vTd5`LNE�7V9
5.¨©5Ye.TDLNwV5�TdU6UVO,Z\UMB�eY7:aQTd@?BDLN9?~�ED_�7:ONO�xyEdeP7:ON5HTD5Y_(a/5PBi7vTd@?Bd5
5PwM5P9XTdEA�hL�TDc?LN9�Tdc?5g7vTD_`UXEba?cC5PBdLNeh�/UV@C9CI?7:Bd�`ON7¬�M5PB8< u cC5
TDcC5PBd_(UQePUV@?a?ON5"IC7vTd7	Z\BDUM_'W^]H4Q{A46x��M�	e.ON5Y7VBDON��I?5P_`UV9Qx
EbTDBi7vTD58I§IQ5Y9CEDL�T���eP@?BDBd5P9XTiEPk²IQBi7:LN9C7:~M5��CUv��EYk,7:9CI§L�9XTd5PBDx
7Ve.TDLNUV9CE��/5.T��^5P5P9§_(58EbUXEDeY7:ON5�IQL�E�Td@?Bd�C7:9CeP5YE�7:9CI��C@?BdEbTdE
U:Z*TD@CBD�?@CO�5Y9MTh5YwV5P9XTiEP<

� �g·	tr��n§q�����¶HrGz�¶Hµ³¶Hn�o"¸
¦�5	TDcJ7:9=��¾�@?c6@?L[�,5Y5�7V9CIÄ¾�LN9?¼PcJ7:9?~§»�@¥Z\BdUV_ Ç�7:ON5
È�9CL�wM5PBiEbL�T���Z\UMB*ePUV9CEbTDBd@Ce.TDLN9?~�Tdc?5ªTdc?5PBd_`U6ePUV@?aCO�58EP< u c?LNE
�^UVB��H�[7VE=ED@?a?a/UVBDTD58I��6��]�Bd_���fh58Eb587:Bieic`�� 	e.5C�HBi7:9XT
��]�]��"�Y�V�M�vxi�.xy�V�X½:� 7V9CI S 7vTDLNUV9J7:O"4QePL�5Y9Ce.50Æ?UM@?9CI?7:x
TDLNUV9J�HBi7:9XT�] u |)xy�V�V�M�V�M�X�6<

¡,�gp�¶�¢h¶Hp�¶Hn§t"¶g¸
W^7:_`a?�/5PONO�kD�(<J4©<Nk,�Y�M�V��}_|�587VED@?Bd5P_`5P9XT[U:Z}7:LNB

TD5P_`a/5PBi7vTd@?BD5��C@JeGTD@J7vTDLNUV9JE[�hL�Tdc�Tdc?5PBd_`UQe.UV@Ca?O�58EPk
£�¤�¥U¦�§/¨�©Dª'« k6]^TD_`UXEba?cC5PBdLNe[4Qe.LN5P9Je.5YE=�!7:�/UVBi7vTDUMBD�Mk
¦¯c?L�TD5h4Q7V9CI?E_|�LNEdEDL�ON5Af�7V9?~V5Mk S 5P�;|�5.|QL�e.UCk6�8��a?a,<

WAUVONUVBi7VI?U"fh58Eb587:Bieic�]�EdEDU6ePLN7:TD58E���WAUMf�]��GkJe.L�TD5YI��8�V�V��}
WAUXUMaJ5YBd7:TDLNwV5g]^TD_`UMEDa?c?5YBDL�e�46@?BDZz7VeP5g{ª|?eicC7:9?~M5
4XTD@CI?�§�Y�M�V�CkXUMaJ5YBd7:TDLNUV9CE^a?O�7:9�k²�.xy�?���HeGTDUM�J5YB
�8�V�M�?<�¬ ]�w¬7VL�O�7:�CO�5HUV9Qx�ONL�9?5�Z\BdUV_ cXTbTda^} ÀVÀ¬�h�h��< e.UMO�UVx
Bd7MIQU:x�BD58Eb587:Bieic,< e.UV_�À:eP7VED5YEGÀ:W^]H4Q{A4Xxy�:�C< cXTD_`O�< 

��UMEbTD5YBDc6@?L�EYk��(<Nk?5PT�7:O�<C½:�V�M�=}*¦�7¬wM5PON5.T�7:9J7:ON�6EDL�EAUVZ
TDc?5YBD_`UQe.UM@?a?ON5�_`5Y7MEb@?Bd5P_`5Y9MTiEªIQ@?BdLN9?~(W^]�4?{A4Xxy�V�C<
;ªBd5Pa?BdL�9XTiEP<C®�¯�°�±�²D³�´�µ=¶�·$¸�¹�´º¶�»G¼�¶�¹�»M½h¾�¿$³tÀQ¾�³ §
Á ¿L·1¾�»M½JÂ=¹�¿�Ã�¹�Ä Á »iÅ Á k6]�EDaJ5Y9,kJWh�"kX]�_`5PB8<�|�5PTD5YUVB8<
46UQe:<Nk6TDc?L�EhwVUMO�@C_(5M<

46@?9�kCKC<Nk?5PTh7VOº</½:�V�M�=} u @CBD�?@CO�5Y9Ce.5gLN9MTd5PBd_`L�TDTD5P9Je.�
L�9�TDcC5�E�Ti7:�?ON5g�JUM@?9CI?7VBD�	O�7¬�V5YBY<=;ªBd5PaCBDLN9XTdEY<�®�¯=°-±
²D³�´�µ�¶+·$¸�¹�´º¶�»G¼�¶�¹�»i½~¾�¿$³[ÀR¾�³ Á ¿L·�¾�»i½�Â=¹�¿�Ã�¹ §
Ä Á »MÅ Á kQ]�EDaJ5Y9,kQWh�"kX]�_`5PB8<h|�5.TD5YUVB8<M46UQe:<NkMTDc?L�EªwMUVO�x
@?_`5V<


