
������� �	��
��
������������������
��������������! "�$#%���'&(�)�)�*#%���)��&+
'�!�	�,���- .��&(�*&0/,121

3547684:9<;7=?>A@�BDC:E:4:3F;7>0C:G*4IHJ4:KJLNMPOQ>SRTCA3547684IUJ>:V,M�LNRWC7OQ>:X!Y�47Z[4:\^]T=�@`_
a OD_?b�]T>AOQMcHdLN>e_fLN=hgi]T=�G<_fj"]W@?k7l7LN=fbPVnm�Lo@?LoOQ=�V�l0CF9<]T;7MPXFLo=oCAHd]WMp]W=fOWXF]

q ��rNs't�u	v�w!x�yzt�rov	s
Yhl7L�Hd]S]TkILN=�OD_?b�{TLnG<_?j"]W@?k7l7Lo=?LN|}3F;7=~g�OWV,Ln���7V�l:OQ>:�TL

3e_f;:XFR)��H<GJ3F�<3e|}�T�W�c�hOT@�O�VN]TM�M�OT�A]W=fOQ_?L<L,�2]T=?_(_f]�@`_f;:XFR
@~_fOQ�:MpL.>7]FV
_f;7=?>AOQM��I]T;7>:X:OQ=fR'M�O�RWLN=�@^��l7bPV�l�_f]S]T��k7MPOTVNL
XF;7=fb�>7��UnV,_?]W�ALo=oC2�o�W�T�*bp>)_?l7L��WLN>e_?M�R�=?]WMpM�b�>7�zl:bpM�M�@hL�OT@~_
]Qg�Z�bPV�l7bp_fO:C^��OQ>:@fOT@o4�G^j.]W>7��OT>�bp>e_fLN�T=�OD_fLoX�@?L,_!]Qg
_?]D�<LN=�ChOQb�=fVN=fOQg�_oCdOT>:X�=?Loj"]Q_?L�@?LN>A@~b�>7��j"LoOT@?;7=fLNj"LN>e_�@
_?l:LN=fL.�hOT@�OT>�OT=?=�O�R�]Qg��o�!��k7k:MpLoR�k7=fLoV,bP@?bp]W>�b�>Fgi=�OQ=fLoX
=�OTXFb�]Tj"L,_fLN=�@NCJ]T='kSRS=?�WLN]Wj.LN_?Lo=f@��ij"]FXFLNMz6��`m^�)��l7bPV�l
j"LoOW@~;7=fLoX�_fl7L�XF]D��>S�dLoMpM�bp>:� �¢¡�£¤f¥��¦OQ>AX§;7kS�dLoMpM�b�>7�
�¢¡�¨¤?¥ ��M�]T>:�T�hO�{TL�=�OTXFbPOD_fbp{WL�©:;F�FL�@nOQ_Jªe«	j¬OT>:X�­�j!4
® =f]Tj¯_?l:Lo@?L�j"LoOT@?;7=fLNj"LN>e_�@h_?l7L"­�V,]Wj"kA]W>7LN>e_f@�]Qg�_?l:L
M�]T>7�W�<O�{WL�©:;F��XFb�{TLN=f�TLo>:V,L�VNOT>)�IL�Lo@~_?b�j�OD_fLoX54

Yhl7L�V,]W>W_f=?b��7;F_fbp]W>+]Tg*_fl7L�{TLN=?_?bPVNOTM�XFbp{WLN=f�TLo>:V,L�]Qg
¡ ¤f¥ _?])_?l7Lz_?l7Lo=?j�OTM(�AOQMPOQ>:VNLzb�>�O)>7]FV
_f;7=?>AOQM°C2@~_fOT�7M�L
OD_fj"]W@?k7l7LN=fL^lAOT@d�ALoLN>�j"L�OT@?;7=?L�X�b�>�k:OW@`_<L,�FkALo=?b�j"LN>e_f@
� ® ;7>7�+�o�T±W�7² a �WLNj�XFb�=?b�j³�o�S´D«e���7;F_�_fl7L�bp>e_fLN=fk7=?LN_fOQ|
_?b�]T>�]Qg0_fl7LJ=fLo@?;7Mp_f@µl:OT@d�ALoLN>!V,]T>e_f=?]D{WLN=�@~bPOQM7OT>:X�>7]T_<b�>
OQ�W=?LoLNj"LN>e_���bp_?l�_?l:LN]T=fR��¢m�b�X7LN=zOT>:X�m�]T�:bp>:@?]T>¶���W·F�W²
��M�M�bp]T_~_h�o�T±Tªe�,4c�µ@~_?b�j�OD_fLoX�{WLN=?_?bPVNOTMeXFb�{TLo=?�WLN>:VNLd]Tg:M�]T>7�T|
�hO�{TLn=fOWXFb�OQ_?b�]T>)b�@�k:=?L�@~Lo>W_fLoX)bp>!_fl7b�@�k:OQkILN=�4

¸ ��¹�ºJ»�¼0x!u�ºn¹½ºns'tz¼
Yhl7L�����6��`m�@µ;:@~L�Xz_?]�j"LoOW@~;:=?Lh_fl7L�M�]T>7�W�<O�{WLµ©:;7�e|

Lo@(OQ=fL�M�b�@~_?L�X�b�>*YcOT�7M�L��µ�SR�@~Lo=?bPOQMT>e;:j*�ILN=8OQ>:X�M�]FVNOQ_?b�]T>
XF;7=fb�>7�!X7LNk7M�]DRSj.Lo>e_o4*�}>�]T=�XFLo=^_f])j"LoOW@~;:=?Lz_?l7L"{WLN=?_?bp|
VNOTMIX7bp{WLN=f�TLN>AV,L�]Qg8¡ ¤f¥ CSªz6��`m^@��<LN=fL�j"]T;7>e_?L�X�OQ_µ_?l:L
LN>AX�]Qg0O*±�j��I]S]Tj¾OQ�I]T;F_<ªW«�j¾OQ�I]D{TL�_?l7LJ�T=f]T;7>:X��°­
;7kS�hOQ=�X�OT>:X¿­�XF]D��>S�<OT=fX�M�]e]W�Sbp>7�S�
C(��l7b�MpL�_fl7L	]T_?l7Lo=
±�6��`m^@��dLo=?L�j"]T;:>W_fLoX�]W>'­.jÀ=�OTXFbPOD_fbp]W>!@~_fOT>:X7@�OQ_�ª
XFbp�ILo=?Lo>e_z�T=f]T;:>:X¿@`_�OD_fbp]W>:@*@f�7�WC(@f�W­7C8@f�TÁ:C(OT>:XÂ@f�W·)_f]
Lo@~_?b�j�OD_fL*¡�¨¤f¥¬OQ>:X'¡�£¤f¥�4<Yhl7L�6��`m�@��dLo=?L�OQM�M0M�LN{WLNM�LoX
OQ>AX'{TLo>W_fbpMPOD_fLoX'OW@^XFL�@?VN=?b��AL�X�bp>�K^LoM�OT>eR'OT>:X�3SLNj"j"LN=
�`���T�W«W�
4§G<_'@?�:��OT>:X�@f�W­�_fl7LN=fL��dLo=?L��A]T_?lÃ;:ke�hOQ=�X
OQ>AX�XF]D��>S�hOQ=�XzM�]S]T�Sb�>7�z6µ�`m�@µ��l:bpM�L�@?�WÁ�OQ>:X)@?�e·�]T>:MpR
l:OWX�XF]D��>S�hOQ=�X�Mp]S]T�Sb�>7��6µ�`m�@o4�Yhl:L)j�OD�Fb�j*;7jÄl:]T=?|
b�ÅN]T>e_�OQM�@~Lok:OQ=�OD_fbp]W>Â�IL,_`�<LNLN>¶OQ>SR�­�6��`m�@.�hOT@"OQ�I]T;7_
­Q�W�'jÆOQ>AX�_?l7L�@~_fOD_fbp]W>�M�]FVNOD_fbp]W>:@��<LN=fL)V�l:]W@?LN>Â@?;:V�l
_?lAOD_n_?l7L"XF]Tj"b�>:OQ>e_�{TLo�TL,_�OD_fbp]W>���@?l7]T=?_oC2j"LoX7bp;7j�C0OT>:X
_fOTMpM:k:OT@~_?;7=fLNMPOQ>AXz�W=fOW@?@?Lo@8OT>:X.k7M�OT>e_f@�]TgI{DOQ=fRSbp>:��X7LN>:@?bÇ|
_`R7�5b�>�_?l:Lµj�OQb�>�_?]D�<LN=cOQ=fLoO��<LN=fL�@?OTj"k7MpL�X54 ® ]T=8O�j"]T=fL

È�ÉAÊfË°Ë}Ì�ÍiÎFÊfÏDÐoÑÒÏ�ÓhÔ�Õ�Ö�×DÊfË�Ô
Ð�ÐoË}Ì�Í¢Í?ØIÙTÚNÛ:ÚoÜ2Ý�Þ¢ß�à?áNÛ7Ú âdÚoÜ2ã?ä�å
æ
æ
æ�á
ç(èfé¢ê ã
ß è�ënì2í ß é¢í Þ"îpã
Þ.ï é¢ð ã
à°ñ�ò í Þ êÒó!ô0í à í~è Þ ó òeáJÜ2ã
Ý ëÒõ�í Þ?á ì â
ö æ
å
æ,÷?øiå
æ
æ
æ�ù í ø ð�è�êÒë ØFà í~è ßQú(Ý ó~è Þ?Ú í`õ ÝeÚ

ûiüÇýÒþ ÿ�� ��� ����
	 � ��� ÿ�
Òþ ��� ��� � �
� ��� ��� ������ � ���� �
 "!
# $&%�' �)( %"*+� �)( %+� � (  + ,� (  "!.-/� ( �  01�� + ( �&�� �
 +%+� $&%�' �)( #2� �)(  +� � (  +%1� ( �&�3-4� ( $"* 01�� + ( # ��� "��#+� 5��2� �)( �)� �)( *�# � ( �&*6� (  &*7� ( ��� �� )! (  &�301�� &� ( �� � �
 "!+! 5��"� �)( !+�� �)( *�� � (  +%,� (  "!.-/� ( ��% �� �)( �
$,01�� &� (  "!� �
 "!�$ $&%�' �)( %"*
$ �)(  &* 8 9�:<; :�9�:�=>�<:?5�:�=>5�@+9<A B � #)� (  +�� �
 "!
% $&%�' �)( *+#)�C$ ( �+� � ( �+�,� (  + D� ( �+� B � #)� (  +#��#+$2��# 5��2� �)( *"! �)( *�# � ( ��$E� ( !
%D� ( $"% � *&* ( %+�6B � *+* ( ��%� �
 +%)� 5��"� �)( !
$ �,�)( ��� � (  + 1� ( ��$,-/� ( � � � * �)( !�$,B � $&% (  �$� �
 "!�* 5�� � $ ( �"��% �)( �&* � ( �)�,� ( �)�C-/� ( *&! B �+� * ( %+ � �
 "!
 5��"* �)(  &�&� �)( ��� � ( �&*6� (  "!F� ( % � B � *�# ( �&!
GIH>J�K LNM2OQPRH>K S JUT�H2V�S W2XZY&W[L+\]Y&S L&X�V�^_H2XU`Za2b2c�X�S d>e�VgfhL&H>Xji)H2K kUL&^_W2l
X�W[Y+V
k�T�XUH2KUT�H2`US H)V�S i�LnmokqpqL&^rl�W2TRPnsut�vRt[c�w2wyx?z�{�^�|R}�~��� S ^rV�e�LufhL&H>XW2l�V�e�L�XUS d2e�V�V
S fhL�mokqpqL&^?��T�S W>T?V�W�H>���UK �qS XUd�V�eULh��H>`qc�eUW[Y&�yY&W>T�T�L&Y+V
S W>X
`�L&^�Y&T�S J�L&`gS X�^�L&Y+V�S W2X��[| a�|u��XUS V�^�Ou�"�>��������� ¥ f��I�)�
�I} ��� H2XU`�Y&b[�¥ f��I�>�o�h��Y2M>��H>X�`�Y"a��o`�S fhL&X�^�S W>X�K L&^�^�|
V,]Wj"k7MpLN_?L"XFLo@fV,=fb�kF_?b�]T>�]Qg�_fl7L"L,�FkALo=?b�j"LN>e_fOTM�@~LN_?;7k�@~LoL
_?l:L+H<GJ3F�<3e|��W��UJkILN=�OD_fbp]W>:@�6�MPOQ>¾O�{DOQb�M�OT�7MpL¶]W>F|°M�b�>7L
gi=f]Tj§_fl7LzHd]TM�]T=�OTXF]"m�L�@~L�OQ=�V�l)G^@f@?]SVNb�OQ_?L�@n�~�o�W�T�W�,4

Yhl7L.��k7k7M�LNR�6��`m�OQ>:X�VoOQM�bp�:=fOQ_?b�]T>�_?L�V�l7>7b��e;7Lo@nOQ=fL
XFL�@?VN=?b��AL�X��SR ® OQb�=fOTMpM�LN_	OQM°4��`�o�W�T«e�
4¶Yhl7L�6��`m�¡ ¤f¥
j"LoOW@~;7=fLNj"Lo>W_�bP@�VNOTM�VN;7M�OQ_?L�X��SRTC

¡ ¤f¥6� V�­��Z ¡o¢.£¥¤ ¦¨§Yª© VT��« ¤ � ¦�§`¬© ¦�§Y � £ VN�?­%�`���

��l7Lo=?L �Z  bP@._?l7L!_fl7LN=fj"]Tk7b�MpL!{T]WMÇ_�OQ�WL�]T;7_?k7;F_�² ¡ ¢ b�@
_?l:L���k7k:MpLoR�=�OTXFb�]Tj"L,_fLN=�@?LN>A@~bp_?b�{SbÇ_`R�g�OTV
_f]T=�² ¤ bP@�_?l:L3e_fL,g�OQ>7|�9<]TMp_?Åoj�OQ>7>�V,]W>:@~_fOQ>e_�² ¦ ` bP@8_fl7L�XF]Tj"Lh_fLNj"kALo=~|
OD_f;7=fLT² ¦ Y bP@8_fl7L^VNOW@~L<_fLNj"kALo=fOQ_?;7=fLT²eOQ>:XZ«[bP@8_fl7L�=fOQ_?b�]
]Qg�_fl7L�XF]Tj"L�Loj"b�@f@~b�{SbÇ_`R�_?]�_?l7L)_?=�OQ>A@~j"bP@?@?bp{Sbp_`RT4�Yhl:L
V,]SL�®�VNbpLo>e_f@hVN�:CSVT�TCFOQ>AX�Vo­�bp>��]�I42�`���dOT=?LnXFL,_fLN=fj"bp>7L�X
gi=f]TjÆO°¯ALNMPX¦VoOQM�bp�7=�OD_fbp]W>���@?LNL�@~L�V
_fbp]W>¦Á74����,4ÂYhl7]T;:�Tl
OQ>AOQM�RW_fb�V�L,�Fk7=fLo@f@~b�]T>A@	L,�FbP@`_!gi]T= ¡o¢ OQ>AX±«	C^_?l7LoR�OQ=fL
;:@?;:OQM�M�R�XFL,_fLN=fj"bp>7L�X!�eR)VNOQM�b��7=fOQ_?b�]T>04

6�=fb�]T=!_?]¶�7=fbp>:�Tb�>7��_?l7L�6µ�`m�@!_?]���OT>:@fOT@�OQM�M�_?l:L
VNOW@~L�OT>:X�XF]Wj.L�_?l7Lo=?j"bP@`_f]T=�@��i;:@?LoX._f]�j"LoOW@~;7=fL ¦ Y OT>:X¦ ` ���<LN=fL�VNOTMpb��7=�OD_?L�X"�SR*_fl7L^G<_?j"]e@~k7l:LN=fb�V�YcLoV�l:>7]TM�]T�WR
KJbp{SbP@~b�]T>Ã�¢G�Y�Kn�.OQ_*_?l:L a OQ_?b�]T>:OTM�HdLo>e_?LN=zgi]T=.G<_?j"]Q|
@?k7l7LN=fbPV�m�Lo@?LoOT=fV�l'� a H<G^mJ��_f]*��bp_?l7b�>�OQ�I]T;7_�²n�74 �W­´³NH
]Qg!LoOWV�l ]T_?l7Lo=o4 Yhl7L¶_fl7LN=fj"]Tk7b�MpL�@��dLo=?L�VNOTMpb��7=�OD_fLoX
��bp_?l'O.�7M�OWV����A]FXFR)OD_�_?l:L a OD_fbp]W>:OQMcUnVNLoOQ>:b�VnOQ>:X!G<_~|
j"]W@?k7l7Lo=?bPVzGJXFj"bp>:b�@~_?=�OD_fbp]W>¦� a U�GJGJ���µ>e{Sb�=?]W>7j"LN>e_fOTM
m�L�@~L�OQ=�V�l¶µ�OT�A]W=fOQ_?]W=?R[���dm�µc��_f]¶X7L,_?Lo=?j"b�>7L ¡ ¢ OT>:X«	4�Yhl7L)VN]SLq®	V,b�LN>e_f@*_?]�V,]W>e{WLN=?_�_?l7L!VNOW@~L�OT>:XÂXF]Wj"L
_?l:LN=fj.bP@~_?]T=¿OT>:X _?l7Lo=?j"]Tk:bpM�L¶{T]TMp_fOT�TL�@�b�>e_?]�k7lSRF@~bPVNOTM
�e;:OQ>e_fbÇ_fbpL�@��dLo=?Lhj�OQ>S;:OTMpM�R�Lo>W_fLN=fLoX.b�>W_f]*H<OQj"k7�ILNM�MAX7OQ|



_fOnM�]T�W�TLN=�@�OT>:X*_?l7Lo>zL�OTV�lzX:OD_fOnM�]T�W�TLN=(�hOT@8OT@f@~b��T>:LoX�_f]
O	@?kAL�V,b�¯AV*6µ�`m�4I3Fbp>:VNL*=�O��+{W]TMp_fOT�TLo@��dLo=?L�>7]T_J=fLoVN]T=�XS|
LoX�bp_	�<OW@�V,=fbÇ_fb�VoOQMh_fl:OD_	L�OTV�l¶X7OD_�O�Mp]W�T�TLo=�@`_�O�RÂ��bÇ_fl
_?l:Lz6��`m½bÇ_��<OW@^OW@?@?bp�W>7LoX¿��=?LoMpLo{DOQ>e_�_?]�_?l7L"V,]W=?=fLoV,_?b�]T>
XFL�@?VN=?b��AL�X�b�>'@~L�V
_fbp]W>!Á:4 ­W�
4

������rNu w�»�t<»�y"v�¹½�d»�u�r�¼cv	s�¼
��� q ¼�·
¸y¹´º>»�¼uº
¼½·�¸�¹�yQ¾�¿ÁÀ�Â?ÃÄ·�Å�¾�Æ�Å
KJ;7=?b�>7�!_?l:L	�!X:O�RS@�k:=?b�]T=n_?]�6µ�`m X7LNk7M�]DRSj.Lo>e_�OTMpM

�o�¦6��`m�@��dLo=?L�@~LN_);7k%@~bPXFLN|°�SRe|�@?bPXFL����:4p�W�,|}�74 ÁW·�j³OQ|
k:OT=~_
�']T>½OÃ@~b�>7�TM�L��ILN>AV�l�OD_�_fl7L¶H<Gn3F�d3S|��W��@`_f;:XFR
@?bÇ_fL�OQ>AXÃ¡�£¤f¥ j"LoOW@~;7=fLNj"Lo>W_�@�gi=f]Tj LoOWV�l�6��`m �<LN=fL
V,]Wj"k:OQ=fLoX54ÂGJ@?@?;7j"b�>7��_?l:OQ_._fl7L!bp>:VN]Tj"b�>7��Mp]W>7�T�hO�{TL
=�OTXFbPOD_fbp]W>�b�>:VNb�XFLo>e_�;7kI]T> L�OTV�l¾]Qg�_?l:LÃ=�OTXFb�]Tj"L,_fLN=�@
�hOT@�bPXFLo>W_fb�VoOQM°C�O�M�LoOT@~_~|}@>�W;AOQ=fLo@�j"bp>:bpj"b�ÅoOD_fbp]W>¿gi=f]TjÄ·
>7b��Tle_f@	]Qg*¡�£¤f¥ X7OD_�O��<OW@�;:@?LoX�_f]¿bpj"k7=f]D{TL�_fl7L�=fLNMp|
OD_fbp{WL�OTVoV,;7=�OTVNR�]Tg�_?l7L�6��`m�©:;7�SL�@N4�Yhl7L!·�>7b��Tle_f@*]Qg
X7OQ_fOn;:@?LoX.bp>"_fl7L�j"bp>:bpj"b�ÅoOD_fbp]W>"�dLo=?L�V�l7]e@~Lo>z�:OW@~L�X*]W>
�<LoOD_fl7LN=	VN]T>:X7bÇ_fbp]W>:@	OQ>AX¦��l:L,_?l:LN=�OTMpM����¿6��`m�@"�<LN=fL
]TkILN=�OD_fbp>:��k7=f]TkILN=fMpRW4 Y�]¦kALo=~gi]W=?j-_fl7L�]TkF_fbpj"b�ÅoOD_fbp]W>
]T>:L�6µ�`m$�hOT@�V�l7]e@~Lo>+OT@)_fl7LÈÇ~=fL,giLo=?Lo>:V,L�É�6��`m �¢3 a
Á7���e´Dªe��_?l7Lo>�VN�7C�VT�TC�OQ>:X¶V�­��dLo=?L�XFLN_?Lo=?j"b�>7LoX¶@?;:V�l
_?lAOD_<_?l7L�XFbp�ILo=?Lo>:V,LJ�ALN_`�dLoLN>)LoOTV�l)6��`mÃOT>:X�_fl7Ln=?LNgiLN=?|
LN>AV,L�6��`m+�hOT@hj"bp>:bpj"b�ÅNLoX04µYhl7L�=fLo@?;7MÇ_fbp>:�"Vo�7C:VT�TC7OT>:X
Vo­'{�OTMp;:Lo@�gi]W=*L�OTV�lÂ6��`m§OT=?L�M�bP@`_fLoX¿b�>�Y(OQ�7M�L��T4�6µ�`m
Á7���e´Dª^�hOT@(k7bPV��TLoXzOT@8=fL,giLo=?Lo>:V,Lh@~b�>:VNL<bp_f@8j"L�OT@?;7=?Loj"LN>e_
]Qg�¡�£¤f¥Ä�<OW@�>7LoOT=�_?l7L"j"LoOT>�]Tgh¡�£¤f¥ gi=f]Tj¬OTMpMµ6µ�`m�@o4
Yhl7L�L,�2LoV
_�]Qg�]WkF_?b�j"bpÅobp>:�Â_?l:L�>7]FV,_?;7=f>:OQM�X7OQ_fO�gi=f]Tj
_?l:L!k:=?LN|`H<Gn3F�d3�V,]Tj"k:OT=?bP@?]T>ÂkILN=fbp]FX¦VNOQ>¦�AL'@?LNLo>¦b�>
® bp�A4�����l7LN=fL!_?l7L'@~_fOQ>AX7OQ=�X¦X7LN{Sb�OQ_?b�]T>¦]Qgn_?l7L'XFbp�ILo=~|
LN>AV,Lo@�b�@µ=?L�XF;:V,L�X.gi=?]WjÊ²n�:4 ��Z-j¬Ë a _f]Ì²n�74Ò·JZ j¬Ë a 4
��KJ;7=fbp>:��XFLok7Mp]DRSj"LN>e_�C�XFbÇ�2LN=fLN>AV,Lo@z�IL,_`�<LNLN>Â_?l7L'¡ ¤f¥
>7]FV
_f;7=f>:OQM�j"L�OT@?;7=?Loj"LN>e_f@��<LN=fL�=?L�XF;:VNLoX��SR�OQk:k7=?]��Fbp|
j�OD_fLNM�R�_?l7L�@fOQj"L�OQj"]W;7>e_�OW@d_?l7]e@~L�@?l7]D��>�b�> ® bp�A45�T4Ò�
Yhl7bP@(_?L�V�l7>7b��W;:L<b�j"k7=f]D{TLo@c_fl7LÎÍ2ÏqÐ�ÑÄÒ�Ó<ÔoÏ�OWVNVN;7=fOWV,R�]Tg:_?l:L
6��`m^@NCF�7;7_�>7]Q_�>7L�V,L�@?@fOQ=fbpM�R"_?l:LÕÑIÖq×qØ�Ð/Ù?Ò&Ï�OTVoV,;7=�OTVNRT4

−5 −4 −3 −2 −1 0 1 2 3 4 5
0

100

200

300

400

500

600

700

800

N
o.

 5
−

m
in

ut
e 

da
ta

 p
er

 b
in Bin Size: 0.1 W m−2

Q
LW

 Difference, W m−2

Lab Coefficients
Optimized
Coefficients

ÚÛS d>k�T�L�M>OÜG�e�L]l4T�L&Ý[k�L&XUY+��`�S ^<V�T�S JUkqV�S W>XÞW2l�V�e�L_`�S ßÄL&T�L&X�Y&LÜJoL+V�àRL&L&X
V�eUL�T�L+l4L&T�L&X�Y&Lnx?z�{ª��t�áÌ�[M"w>â § �?H>X�`]V�e�L�W2V�e�L&TRwyx?z�{�^�|Rã�H2V�Hy^�e�W&à�XH>T�L½ä)c�fhS X[kqV�L½H&i>L&T�H2d>L&^nà�S V�eå�/V�e�S X��RH>X�`_à�S V�e�W>kqVy�/V�eUS Y�æq�RW>�qV
S fhS ç&H2c
V�S W>X½l4T�W2fèä�X�S d>e�V�^I`Uk�T�S XUdnV�eULR��T�L+c�PRs�t�vRt�x?z�{ÎY&W2fh�UH2T�S ^�W>X½�oL&T�S W[`Ä|
��� ¸ wª¹ÛÀ�é�¾r¼�¿¥¹rÆuê	yj¾�¿ÁÀ�Â?ÃÄ·�Å�¾�ÆyÅ

UJ>�UnV
_f]T�ILN=^±:C7_fl7Lz6µ�`m�@��<LN=fL�j"]D{TLoX)gi=f]Tj¯_?l7Lobp=

;7kS�hOQ=�X�Mp]S]T�Sb�>7��kI]W@?bÇ_fbp]W>�]T>�_fl7LhV,]Tj"k:OT=?bP@?]T>��ALo>:V�l�_f]
_?l:L�XFLNk7M�]DRSj"LN>e_�Mp]FVoOD_?b�]T>A@���@?]Tj"L�6��`m�@8�<LN=fL�@~��bp_fV�l7L�X
gi=f]Tj-;7kS�<OT=fX¶M�]S]T�Sb�>7�¿_?]�XF]D��>S�<OT=fX�M�]S]T�Sbp>:�e�
4��}>7bÇ|
_?bPOQM2b�>S{TLo@~_?b��WOQ_?b�]T>	]Tg(¡�£¤f¥¯>:bp�WlW_?_?b�j"L�X:OD_fOzOD_�@?�:�JOT>:X
@f�W­�=?Lo{TLoOTMpL�X�XFbp�2LN=fLN>:VNLo@"]Qg��T=fLoOQ_?Lo=*_fl:OQ>¶ª�Z j¬Ë a
OT@n@?l7]D��>�b�>�_fl7L"¡zB¤?¥ V,]WMp;:j.>�]QgdY(OQ�:MpL)�T4�Yhl7bP@�XFbÇg�|
giLN=fLN>AV,L"@~LoLNj"LoX�;7>7=fLoOT@?]T>AOQ�7M�L*@?bp>:VNL*_fl7L"6��`m�@nOD_�@?�:�
OQ>AX�@?�e­��<LN=fL�]T>7M�R�@~Lok:OQ=�OD_fLoX¶�SR�OQ�I]T;F_�ÁT�¿j OT>:X
�I]Q_?l��<LN=fL�{SbpLo��bp>7�._fl7L�@?OTj"L�>7bp�Wle_~_?b�j"L�@~�SRW4µG[@~b�j"bÇ|
MPOQ=8LN{DOQM�;:OQ_?b�]T>.]Qg:_fl7L^¡�¨¤f¥ X7OD_�OnVoOQ>7>:]Q_��AL�XF]W>7L�@~b�>:VNL
@f�7�zOT>:X�@f�W­��dLo=?Lz]D{TLN=�XFbp�ILo=?Lo>e_J_`RSkILo@J]Qgµ{WLN�TLN_fOQ_?b�]T>
OQ>AX�_?l:LN=fLµ�hOT@c>7]JLN�FkAL�V
_fOQ_?b�]T>*_?l:OQ_c_fl7Lo@?L<X:OD_fOJ@~l:]T;7MPX
OQ�W=?LoL���bp_?l�L�OTV�l�]T_?l7Lo=o4�\�]D�<LN{WLN=�CWXF;:L�_?]z_?l:L^MPOQ=f�TL^XS|
bp�ILo=?Lo>:V,L"b�>¿¡�£¤?¥ OQ_�@f�7��OT>:X�@f�W­7C2_?l7L	X:OD_fO)gi=f]Tj¬OTMpM
ª�6��`m^@�OD_�_?l:Lo@?L	@`_�OD_?b�]T>A@��dLo=?L�VNOT=?LNgi;7M�MpR�@fV,=f;F_fbp>7b�ÅNL�X
OQ>AX	bp_h�hOT@<XFbP@?VN]D{TLo=?L�X"_?l:OQ_d_fl7L ¦ Y OQ>:X ¦ ` X7OD_�O�gi=f]Tj
�I]Q_?lz_?l:L<;:ke�hOQ=�X*OT>:X.XF]D��>S�<OT=fX�M�]S]T�Sb�>7�J6µ�`m�@�OD_�@?�:�
OQ>AX*@f�W­�=fLN{WLoOTMpL�X�@~]Wj"Ldb�>:V,]W>:@?b�@~_?Lo>W_(giLoOQ_?;7=fLo@(>7]T_8@?LNLo>
b�>�X:OD_fO.gi=f]Tj _?l7L�]T_?l7Lo=^±�6��`m^@N4µGJ@�OQ>�LN�FOTj"k7MpLWCF_?l:L
¦ Y OT>:X ¦ ` X7OQ_fO�gi=f]Tj¾XF]D��>S�hOQ=�XzM�]S]T�Sb�>7�*6��`m^@µOD_h@?�e·
�¢3 a Á:�o�S´D�W�	OQ>:X+OD_'@?�e­��¢3 a Á:�o�W«7���	OQ=fL�@?l7]D��>Ãb�>
® bp�e@N4:­TO"OQ>:X�­D�0C:=?L�@~kILoV,_?b�{TLNM�RT4

Z�l7Lo>�_fl7L"bp>:@~_?=f;7j"LN>e_�@��dLo=?Lzj.]D{WLoX�_?l7Lo=?L"�hOT@nO
j"bÇ�S|�;7k"]Qg2X7OD_�OJM�]T�W�TLo=f@(OQ>:X.6��`m^@�OD_µ@f�7�hOQ>:X.@?�e­*�i_?l7L
6��`m^@d��l:b�V�l!�dLo=?L�@?;7k7kI]W@?LoX�_f]"�T]z_?]"@?�:�J�<LN>e_h_?]"@?�e­
OQ>AX�{SbPV,L	{WLN=�@?Oe�
4�G�g�_?Lo=*_fl7L	j"bÇ�S|�;7k��<OW@�XFbP@?VN]D{TLo=?L�X5C
bp_d�hOT@µX7LoV,bPXFL�X._?]*j"]FXFbpgiR._?l7LnV,]SLq®	V,b�LN>e_�@�b�>�_?l7LnX7OD_�O
M�]T�T�WLN=�@	OD_'@f�7��OT>:XÃ@f�W­�=�OD_fl7LN=�_?l:OT>+XF]�_?l7L�MPOQ�I]T=?|
b�>W_fLN>:@?b�{TL�_fOW@~�)]Qg8j"]D{eb�>7�._?l:L*6��`m�@o4µYhl7L�VN]SLq®	V,b�LN>e_f@
�<LN=fLnj"]FXFb�¯:LoX!]W>'UnV,_?]T�ILN=�«:CF��l7bPV�l!bP@hb�>:XFbPVNOD_fLoX!�SR

275 280 285 290 295 300
−0.3

−0.2

−0.1

0

T
d −

 T
c, ° C

PIR Deployment

(a)

31979 

02 07 12 17 22 27
−0.8
−0.6
−0.4
−0.2

0
0.2
0.4
0.6
0.8

1

T
d
 − T

air
T

c
 − T

air

T
d −

 T
ai

r, T
c −

 T
ai

r, ° C

275 280 285 290 295 300

PIR Deployment

(b)

31981 

Julian day, 1999

02 07 12 17 22 27

T
d
 − T

air
T

c
 − T

air

October, 1999

275 280 285 290 295 300

PIR Deployment

(c)

31981 
(corrected)

02 07 12 17 22 27

T
d
 − T

air
T

c
 − T

air

ÚÛS d>k�T�L�a[O�á�S d>e�V�V�S fhLÜM&b2c�eUW2kUT�fhL&H2X�V
L&fh��L&T�H)V�kUT�L&^�`�S ßÄL&T�L&X�Y&L&^uJoL+c
V�àRL&L&X�V�e�L�x?z�{èY&H>^�L�ëoìyH2XU`�`�W>fhLyëoíÞ�4k��U�oL&T��UH2XUL&K ^
�nH>X�`�ëoì�H2XU`
ëoí�Y&W>fh��H>T�L&`�à�S V�e¨V
e�LÜH&i�L&T�H>d2L]H2S TyV�L&fh�oL&T�H)V
k�T�Lhëoî
ï ð�l�T�W2f¥V�e�L]ñ
d>T�W2kUX�`å^<V�H2V�S W2XU^Ü�4K W&àRL&T���H>X�L&K ^���|Üã�S ßÄL&T�L&XUY&L&^�J�L+V�àRL&L&X¨V�e�L&^�LÜV�L&f�c
�oL&T�H2V�k�T�L&^ÛH>T�L�Y&W>fh��H>T�L&`yl4W>T?x?z�{è�4H>�rt�áj�[M"w>â2w[���4JU�rt�áj�[M"w>ò�M>��H2XU`
�4Y"��tqáÕ�[M)w2ò[Myà�S V�eó��H2`�eUW[Y&��Y&W2T�T�L&Y+V�S W2XU^RV�W]ë ì H2XU`�ë í `�H2V�Hq|?G�e�L
ô T�^<V�i�L&T<V�S Y&H2K´K S XULyS XU`�S Y&H)V
L&^�à�e�L&X�V�eUL�x?z�{�^uàRL&T�L�fhW&i�L&`�l4T�W>fõV�e�L
��T�L+c�PRs�t�vRt_Y&W>fh��H>T�S ^�W>X�K W[Y&H2V�S W>X�V�WhV�eULy^<V
H)V�S W>X�^�l4W>Tu`�L&��K W&�qfhL&X�V&|
GneUL]^�L&Y&W>X�`Þi�L&T<V�S Y&H2K?K S X�L]S XU`�S Y&H2V�L&^�à�eUL&XÎ`�H2V�H)c�K W2d>d2L&T�Y&W[L+\]Y&S L&X�V�^
àRL&T�L�Y
eUH2XUd2L&`gJ���sÛG�ãÕ�oL&T�^�W>X�XUL&Kol4W>T�x?z�{Õ�[M)w2ò[M2|�G�S Y
ægfhH2T�æ[^�H>T�L
H2V�bqO b[O b]Pnã�GöS X�JoW2V�e_kU���oL&TnH>X�`�K W&àRL&T���H>X�L&K ^�|



_?l:L�@~L�V,]W>:X�{TLN=?_?bPVNOTM�M�bp>7L�bp>�_fl7L�k:OT>7LNMP@�]Tg ® b��:48­F4!��_
@?l7]T;7MPX��AL�>7]T_?L�X�_fl:OD_�_fl7L�6��`m�Á7�o�W«7�.X7OD_�O)�IL,_`�<LNLo>
UnV
_f]T�ILN=h±*OT>:X	«*@?l7]D��>�b�> ® b��W@o4S­Q��OQ>:X)­QV��<LN=fL^VN]T=?|
=fLoV
_fLoX�b�>�kI]W@~_~|�k7=f]FV,Lo@f@?bp>7�)gi]T=�_fl7L	6��`m�j"bp�e|�;7k04	GJ@`|
@?;7j"bp>7��_?l7L!V�l:OQ=�OTV,_?LN=fbP@`_fb�Vo@�]Qg ¦ Y OT>:X ¦ ` @~l:]T;7MPX¿�IL@?bpj"b�M�OT=�_?]���l:OD_n�<OW@�@~LoLN>'�IL,_`�<LNLo>�UnV
_f]T�ILN=J±Q_?l�OT>:X
«D_fl0CTbp_��<OW@�XFLNLoj"LoXz>7LoVNLo@f@?OT=?R�_f]�X7L,_?Lo=?j"b�>7LöÇ?OWXS|�l7]FV�É
V,]W=?=fLoV,_?b�]T>:@0_?]^_?l7L ¦ Y OT>:X ¦ ` X7OQ_fO�gi]T=c_?l7Lh6��`m�@(OD_8@?�:�
OQ>AXÂ@?�e­F4�Yhl7L�OTXS|�l7]FV�VN]T=f=?L�V
_?b�]T>A@��dLo=?L!XFL,_fLN=fj"bp>7L�X
�:OW@~L�XÂ]T>�_`�d]�g�OTV,_?]W=f@U÷��`���.V,]Tj"k:OT=?b�>7��_?l7L'OQ�A@~]WMp;F_fL
{DOQM�;7L*]Tg ¦ Y OT>:X ¦ ` _f])OQ>�Lo@~_?b�j"OQ_?L.]Qg�_fl7Lz>:bp�WlW_?_?b�j"L
OQjz�7b�LN>e_)OQb�=�_fLNj"kALo=fOQ_?;7=fL ¦ H2S T ��VoOQMPV,;7MPOD_fLoX¶�SR¦O�{WLN=?|
OQ�Wbp>:��_fl7L'OQb�=z_fLNj"kILN=�OD_?;:=?L�OD_"_?l:L�±�@~_fOD_fbp]W>:@���gi=f]Tj
_?l:Ld>7b��Tle_8]QgIUnV,_?]T�ILN=<�o±Q_?l!��gi;7=?_?l7Lo=8L,�Fk7MPOQb�>7LoX��ILNM�]D�^�
C
OQ>AX��°­T��j�OTbp>e_fOTbp>:bp>7��O'VN]T>:@?bP@`_fLN>e_ ¦ ` OT>:X ¦ Y XFbp�ILo=~|LN>AV,L���bp_?l���l:OD_.�<OW@�]T�:@?LN=f{TL�X�XF;7=fbp>7��_?l7L)>7b��Tle_f@*]Qg
UnV
_f]T�ILN=�±D_fl!OT>:X!´�_?l04�KnOD_�O�gi=f]Tj _?l7L�>7b��Tle_h]Qg�UnV,_?]T|
�ILN=��o±Q_?l!�dLo=?Ln;:@?LoX�_?]	XFLN_?Lo=?j"b�>7Ln_?l7L�OT�:@~]WMp;7_?Ln{�OTMp;:L
]QgS_fl7Lo@?LµV,]W=?=fLoV,_?b�]T>:@2�ILoVoOQ;:@?L�_fl7LµOD_fj"]W@?k7l7LN=fL��hOT@5{WLN=?|
_?bPVNOTMpM�R"OQ>:X�l:]T=fbpÅo]T>e_fOTMpM�R*�<LNM�M:j"bp�SL�X��i��b�>:X	@?kILNLoX	�<OW@
OQ=f]T;:>:X���j§@ Ë M CFOT>:X._?l7L�­F4Ò·�|�l7]W;7=�j"LoOT>�OQb�=�_fLNj"kALo=~|
OD_f;7=fLzXFbp�ILo=?Lo>:V,L�@n�ALN_`�dLoLN>�_fl7L.�T=f]T;7>:X�@`_�OD_?b�]T>A@^�<LN=fL
L,�S_f=?Loj.LoMpR�@~j�OQM�M^��MpL�@?@�_fl:OQ>ø²n�:4p� ³ Hh�~�,4 ® ]T=�_?l:b�@�kAOQ=?|
_?bPV,;:M�OT=�>7bp�Wle_oC ¦ Y OT>:X ¦ ` gi=f]Tj§_fl7L*6µ�`m�@�OD_�ªe«Qj�C7@?�WÁ
OQ>AXÂ@?�e·�@?l7]D�<LoX¿V,M�]W@?L)OT�T=fLNLoj.Lo>e_*��bÇ_fl ¦ H>S T Cµ�7;F_ ¦ Y
OQ>AX ¦ ` gi=f]Tj�_fl7L�6��`m�@�OD_�@f�7�"OQ>:X�@?�e­��<LN=fLz�W=?L�OD_?Lo=
_?lAOQ> ¦ H2S T �SR��:4 ÁQ|��:4 ± ³ HJ4 ® =f]Tj _?l7L�@~L�X7OQ_fOz_?l:L�OTXS|�l7]FV
V,]W=?=fLoV,_?b�]T>:@.�<LN=fL'XFL,_fLN=fj.b�>7L�X�OT>:X¶OQ=fL�MpbP@`_fLoX�b�>�YcOQ|
�7M�L�­Ã��OQMP@?]:C^@?LNL ® b��:4�­QV��
4¾Yhl7L�_fl7LN=fj"]Tk7b�M�L�]W;F_?k7;7_
gi=f]Tj _fl7Lo@?L�6��`m�@�OTk7kAL�OQ=fLoX�@~b�j"bpMPOQ=��IL,gi]W=?L�OQ>AX�OQg�_?LN=
_?l:LdX7OQ_fO�M�]T�W�TLo=�V,]SLq®	VNbpLo>W_�@��<LN=fLµV�l:OT>7�TL�X��i>7]T_(@?l7]D��>
l7Lo=?L��
C2@~]�_fl7LzOWXS|�l7]FV�V,]T=f=fLoV
_fbp]W>��<OW@�]T>:MpR�OQk7k:Mpb�LoX!_f]
¦ Y OQ>AX ¦ ` X7OD_�O74

KJ]D��>e�<LNM�M�bp>7��M�]T>:�T�hO�{TLn=fOWXFb�OQ_?b�{TL�©:;7�SL�@^VoOQMPV,;7MPOD_?|
LoX	��bÇ_fl�_?l7LnOTXS|�l7]FV�VN]T=f=?L�V
_?L�X ¦ Y OQ>AX ¦ ` X:OD_fO*=?L�@~;:MÇ_�@
b�>¦b�j"k7=?]D{WLoXÂOT�T=fLNLoj.Lo>e_z�IL,_`�<LNLN>�@?�:�)OT>:X�@f�W­�¡�£¤f¥
j"LoOW@~;7=fLNj"Lo>W_�@N4)Yhl7L	XFbp�ILo=?Lo>:V,L	b�>�_?l7L!­Q�D|}X7O�R'j"LoOT>
>7]FV
_f;7=f>:OQM�XF]D��>S�<LNM�Mpb�>7�	©A;F���IL,_`�<LNLN>�@?�:�.OT>:X�@f�W­	b�@
=fLoXF;:VNLoX�gi=f]Tj ª�Z j Ë a _f]�MpL�@?@�_?l:OT>���Z j Ë a C�OW@
@?l7]D��>)b�>'YcOT�7M�L.�W4

ù ��u)º�¼�x¬úIt.¼
Yhl7L�j"LoOW@~;7=fLoX)M�]T>7�W�<O�{WL^=�OTXFbPOD_fbp{WL^©:;7�SL�@�OD_�L�OTV�l

@~_fOD_fbp]W>�gi=f]Tj _?l7L*­T�.X:O�RS@h]Tg(XFLok7M�]DRej"Lo>W_�OT=?L�V,]Wj.|

û kS�hOQ=�XÕµ0]S]W�eb�>7� KJ]D��>S�<OT=fXªµ0]S]T�Sb�>7�
­Q�e­Q±T� Á7���e´W´ ­T±QªA�o± Á7�o�W«7�
@f�7� @f�W­ @?�:� @?�e­

¦ Y |}�74 ª |}�74 ª |��:4 ª |}�74 ª
¦ ` |}�74Ò­ |}�74Ò· |��:4 · |��:4 ­W·

GIH>J�K L�a�O?s�`�c�eUW[YnY&W>T�T�L&Y+V�S W>X�^ÛH2�U��K S L&`½V�W½V�e�L�^�bqMuH>X�`�^�b�a�x?z�{�^?Y&H>^�L
ë ì H>X�`�`�W>fhL½ë í V�L&fh�oL&T�H)V
k�T�L&^�|rs�K KÄi2H2K k�L&^�S X�`�L&d>T�L&L&^nPRL&K ^�S kU^�|

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

300

350

400

450

Q
LW

, W
 m

−
2

 48m
 2m (s01)

Q
LW
↑

Q
LW
↓

(a)

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

−20

−15

−10

−5

0

5

10

Q
LW↓

 D
iff

er
en

ce
, W

 m
−

2

[r
el

at
iv

e 
to

 (
Q

LW↓
) s0

1]

s02

48m

s01

(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

−20

−15

−10

−5

0

5

10

Local Time (HH:MM), CDT
Q

LW↑
 D

iff
er

en
ce

, W
 m

−
2

[r
el

at
iv

e 
to

 (
Q

LW↑
) s0

1]

s03

s02

s05

48m

s01

(c)

ÚÛS d>k�T�Lg�[O�üuW>k�T�K �ÎJ�S Xqc�H&i>L&T�H2d>L&`NfhL&H2^�k�T�L&fhL&X�V�^yl4W>T�V�e�LgL&X�V�S T�L�a)b
`�H"�Ü`�L&��K W&�qfhL&X�VrV�S fhLu�oL&T�S W[`ÜW2lR�4H��R}½ý��� H>X�`_}yþ�
� l4T�W>f § ò2f°H2XU`l4T�W>f¬^�b[M>�Ä�4JU�´V�eUL�`US ßÄL&T�L&XUY&LRJoL+V�àRL&L&X�}yý�
� H2V?^�bqM�H>X�`hH2VrV�e�L�W)V
e�L&T^<V�H2V�S W>X�^���H>X�`��4Y"�ÛV
e�Lu`�S ßÄL&T�L&X�Y&L�JoL+V�àRL&L&XÜ} þ�
� H)Vn^�b[M�H2XU`ÜH2VnW)V
e�L&T^<V�H2V�S W>X�^�|
kI]W@?bÇ_fLoX"b�> ® b��:4eÁ74 ® ]W=�_?l7L^�T=f]T;7>:X"@~_fOQ_?b�]T>�X7OD_�O7CF¡�£¤f¥
X7OQ_fOnOD_�@?�:�<OT>:X.@?�e­��<LN=fLµgi]W;7>:X*_?]��ALhb�>.VNMp]e@~Lo=�OQ�T=fLNLN|
j"LN>e_nOQ_^>7b��Tle_^�ILoVoOQ;:@?L�>7]�VN]T=f=?L�V
_fbp]W>�gi]W=J@?]TMPOQ=�l7L�OD_?|
b�>7�^�hOT@5;A@~L�X�OQ>:X�_?l7Ld]TkF_fbpj"b�ÅoOD_fbp]W>�j"L,_?l:]SX*;:@?LoX�]T>:MpR
>7b��Tle_~_fbpj"LhX7OD_�O748¡�¨¤f¥ =fLN{TL�OQM�LoX�@?bp�W>7b�¯AVNOT>W_(XFbÇ�2LN=fLN>AV,Lo@
XFLokALo>:XFb�>7�";7kA]W>�_fl7Ln_`RSkAL�]Qg({TLo�TL,_�OD_fbp]W>��ILN>7L�OD_?l)_?l:L
6��`m OT@J�dLoMpM�OW@^_fl7L.k7=?Lo{DOQb�Mpb�>7�!LN>S{Sbp=f]T>7j"Lo>W_�OQM8V,]W>:XFbp|
_?b�]T>A@�OD_�_?lAOD_�k:OT=~_fb�VN;7M�OT=�@`_�OD_?b�]T>�4

Yhl7L�@f�TÁn6��`mÂ�hOT@8OT�A]D{WLµ_�OQM�M¢CTX7LN>:@?Lh�T=�OT@f@cOT>:X*b�>"O
M�]D�h|°LoMpLo{�OQ_?b�]T>�M�]FVNOD_fbp]W>���l7bPV�l��hOT@µ@?;7�?ÿ`L�V
_d_?]"V,]TMPXS|}OQb�=
XF=�OQb�>:OQ�WL!©:]D��@	OD_	>:bp�WlW_�4��¢Yhl7L�>7]FV,_?;7=f>:OQMJOQb�=�_?Lojz|
kILN=�OD_?;:=?L'OD_	@f�TÁ��<OW@NCd]T>¶O�{TLo=fOT�TLTC�� ³ H V,]WM�XFLo="_?l:OT>
@f�7��OT>:XÂ�74Ò· ³ H�V,]WM�X7LN=z_?l:OT>�@?�e­'OQ>AXÂ@?�e·F4Ò�½Yhl7L!@?�e­
6��`mÂ�<OW@�]D{WLN=c@?kI]Q_~_`R�kAOD_fV�l:Lo@c]Qg:j"LoX7bp;7j[M�LN>:�Q_?lz�T=�OT@f@
��l7bPV�l��hOT@��IL,_`�<LNLo>'_?l:LzM�LN>7�T_?l�]Tg�_?l7L.@?�WÁ��T=�OT@f@�OT>:X
_?lAOD_�OD_(@f�7�<OQ>:X*@?�e·��i��l:LN=fL�_?l:LN=fLd�hOT@(@~l:]T=?_��T=�OT@f@�OT>:X
L,�FkI]W@?LoX��W=?]W;7>:X:�,4cG�@?;7=?g�OTVNLµ@~;:=?{WLNRn��bÇ_fl*O�l:OT>:XS|�l7LNMPX
b�>Fgi=fOT=?L�X�=�OTXFb�]Tj"LN_?LN=�@?l7]D�<LoX'_fl:OD_�_fl7L�@~;7=?g�OTVNL"=fOWXFb�OQ|
_?b�{TLJ_?Loj"kALo=fOQ_?;7=fLnX7LoV,=fLoOW@~L�@dOW@�_fl7L��T=�OT@f@µXFLo>:@?bÇ_`R	OT>:X
l7Lobp�WlW_!bp>AV,=fLoOT@?Lo@o4¾Yhl7b�@!bP@)VN]T>:@?bP@`_fLN>e_)��bp_?l%��l:OD_!b�@
]T�A@~Lo=?{WLoX�b�>�_?l7L�¡�¨¤f¥ X7OQ_fO�� ® bp��ÁWVo�,4�Hd]W>:XFbp_?b�]T>:@�OQ_
_?l:L�@`_f;:XFR¶@~bp_?L�XF;7=fbp>7��_fl7L�j"]W>W_fl¶]QgzUnV
_f]T�ILN=	�<LN=fL
L,�S_f=?Loj.LoMpR�XF=fR���]T>7M�R�O!_f=fOWV,L�]Tgh=�OQb�>A��OT>:X��TLo>7LN=�OQM�M�R
V,M�]T;AXS|¢gi=fLNLW4
9hOT@?LoX!]T> ¯ALNMPX�>7]Q_fLo@^OT>:X�k7l7]T_?]e@h_fOT�TLN>�gi=f]Tj¯_?l:L



_?]Wk']Qg8_?l:L�_?]D�<LN=�CF_fl7LzOT=?L�O�@~;7=f=f]T;7>:X7bp>7�"_fl7L�_f]D�dLo=�b�@
@?bpj"k7M�b4¯ALoX�b�>e_?]�@?LN{WLN=�OQM(@~;7=?g�OTVNL�_`RSkAL�@�gi=f]TjÀ��l7bPV�l��<L
l:O�{WL�¡�¨¤?¥ j"LoOW@~;:=?Loj.Lo>e_f@o4�9dR��TLNLok7b�>7�._?l7L�@fOQj"L�]T�7|
@?LN=f{�OQ_?b�]T>:OTM0{SbpLo�½OT@^_?l7L.6��`m�@JOD_nªW«�j�C0¡�¨¤f¥ OD_�­�j
VNOT>)�IL�gi]T=fj*;:M�OQ_?LoX!OT@oC

�¢¡�¨¤f¥ � a)f � � � �W±W·:�¢¡�¨¤f¥ � ^�b[M £ � � �7��«:�°¡�¨¤f¥ � ^�b�a
£ � � �:��´7�¢¡�¨¤f¥�� ^�b�� ­ �¢­W�

��l7Lo=?L�_fl7L��<LNb��Tle_f@�gi]T=µL�OTV�l�@~_fOD_fbp]W>	OQ=fL�VNOTM�VN;7M�OQ_?L�Xz�SR
b�>W_fLN�W=fOQ_?b�>7�*_fl7L�V,]W>e_?=fbp�7;7_?b�]T>)gi=?]Wj LoOWV�l!@?;7=?g�OTV,Ln_`RSkIL
_?]�¡�¨¤f¥ OD_.ªW«'j�4�Yhl7L)XF]D��>S�<LNM�Mpb�>7�'©A;F�¿j.L�OT@?;7=fLoX
OD_'­�j �¢¡�£¤f¥ � a)f �hOT@�Lo@~_?b�j"OQ_?L�X��SR�O�{WLN=�OQ�Tb�>7��_?l:L
X7OQ_fO"gi=f]Tj�@?�:��OQ>:X'@f�W­74�G<_JªW«"jÀ_fl7L*;7kS�<LNM�Mpb�>7�	OT>:X
XF]D��>S�<LNM�Mpb�>7�¦©:;F�FLo@�OQ=fL¿O�{TLo=fOT�TLo@�]Qgz_?l7L¿6��`m j"LoOQ|
@?;7=?Loj"LN>e_f@dj�OTXFL^_?l7Lo=?LW4(Z�bp_?l!�]�I42�¢­T�,CFOQ>:X	OW@?@?;7j"b�>7�
V,]W>:@~_fOQ>e_�OQb�=�XFLo>:@~bp_`R�OT>:X�@?kILoV,b�¯AV"l7L�OD_�CcOQ>�Lo@~_?b�j�OD_fL
]Qgd_?l7L�VN]e]WMpb�>7��=�OD_?L"XF;7L._f]!>:L,_�Mp]W>7�T�hO�{TL*©:;F��X7bp{WLN=?|
�TLo>:V,Ln]Qg�_?l7L�OQb�=�V,]TM�;7j">��IL,_`�<LNLo>!­zOQ>:X�ªW«*j VNOT>��IL
Lo@~_?b�j�OD_fLoX�OQ>:X�V,]Wj.kAOQ=fLoX���bp_?l�_fl7L�j"LoOT@?;7=fLoX�OD_?j"]T|
@?k7l7LN=fbPV�V,]S]TM�b�>7��=�OD_fL�gi=?]Wj @~Lo{TLN=�OQMcXFbÇ�2LN=fLN>e_nMpLo{TLNMP@�]W>
_?l:L�j"OTbp>!_f]D�dLo=�� ® bp�A47ªe�,4

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
−10

−5

0

5

10

∆ 
Q

LW↓
 −

 ∆
 Q

LW↑
, W

 m
−

2 ∆ Q
LW
↑  =  (Q

LW
↑ )

48m
 − (Q

LW
↑ )

2m

∆ Q
LW
↓  =  (Q

LW
↓ )

48m
 − (Q

LW
↓ )

2m

(a)

∆ 
Q

LW↓
 −

 ∆
 Q

LW↑
, ° C

 (
ho

ur
)−

1

−0.67

−0.34

0

0.34

0.67

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
−4

−3

−2

−1

0

1

2

3

4

dT
/d

t, 
° C

 (
ho

ur
)−

1

Local Time (HH:MM), CDT

0.6−6 m

52−57 m

0.6−6 m

52−57 m

(b)

ÚÛS d>k�T�L § O�üuW>k�T�K �ÎJ�S Xqc�H&i>L&T�H2d>L&`NfhL&H2^�k�T�L&fhL&X�V�^yl4W>T�V�e�LgL&X�V�S T�L�a)b`�H"�¨`�L&�UK W"�qfhL&X�V�V
S fhLh�oL&T�S W[`�W2l��4H���V
e�LhX�L+VyT�H2`US H)V�S i�L�m�k�p�`�S i�L&T<c
d>L&X�Y&L�H>X�`Þ�4JU�nV�e�L½H&i>L&T�H2d>L�Y&W[W>K S XUd�T�H)V�L½H)V�ñ�K L+i>L&K ^Rl�T�W2f V�e�L�fhH>S X
V�W&àRL&TgV�eUL&T�fhW[Y&W>k���K L�`�H2V�Hq| GneUL¨L&T�T�W>TgJ�H>T�^�S XZÚÛS d[| § HóS X�`US Y&H)V�L��K kU^<c�W>T<c�fhS X[kU^�W>X�L�^�V�H2XU`�H>T�`�`�L+iqS H2V�S W2XgW)lÛV�eUL½`�H2V�HhS XgV�e�H2VuJ�S Xo|

� ��y"v	s�yQúdx�¼�rov	s�¼
m�OWXFb�OQ_?b�{TLÀMp]W>7�T�hO�{TL ©:;F� j.L�OT@?;7=fLNj"LN>e_f@��<LN=fL

j�OTXFL�X7;7=?b�>7�.H<Gn3F�d3S|��W�J��bp_?l	6µ�`m�@�OQ_µªW«nj¾OQ>:X	­nj
_?]Jk7=f]SX7;:V,L<OQ>�L�@`_fbpj�OD_fLµ]TgF_?l7Ld>7L,_8Mp]W>7�T�hO�{TL�=�OTX7b�OQ_?b�{TL
©:;F��XFb�{TLo=?�WLN>:VNLT4[KJOQ_fO�gi=f]Tj O¿k7=fL,|~H<GJ3F�<3 �e;:OQM�bÇ_`R
V�l7L�V��!��bp_?l�OQM�Mh�o�!6��`m�@nM�]S]T�Sbp>:��;7kS�hOQ=�X�OQ>:X�@~bp_?;AOD_~|
LoX!{WLN=fR	V,M�]W@?LJ_f]�LoOWV�l)]T_?l7Lo=��dLo=?L�;:@?LoX)_?]"=fLoXF;AV,L�_?l:L
=fLNMPOD_?b�{TL*LN=f=?]W=^�IL,_`�<LNLN>�_?l7L"6��`m�@^gi=f]Tj ²n�74 �	Z j¬Ë a
_?]Õ²n�:4 ·zZ j Ë a �i>7b��Tle_?_?b�j.L�X:OD_fO.]W>7MpR7�,4

UJ>)O�{WLN=�OQ�WLTCQ_fl7L�>7L,_�M�]T>7�W�<O�{WL�=�OTXFbPOD_fbp{WL�©:;F�)�<OW@

gi]T;:>:X�_?]��IL)@?b��T>7b�¯AVNOT>e_�gi=?]Wj @?;7>:@?L,_�_fbpM�Myÿ`;:@`_z�ALNgi]T=fL
j"b�X7>7bp�Wle_!ODg�_fLN=!��l7bPV�l¶_?b�j.L�bp_)k7=f]FXF;:V,L�X�{TLo=?R¦Mpbp_~_fMpL
V,]S]WMpb�>7��]Qg5_fl7LJOQ_?j"]W@?k7l7Lo=?LW4cYhl7LJkALo=?b�]FX"]Qg5j�OD�Fb�j*;7j
M�]T>7�W�<O�{WLz=�OTXFbPOD_fbp{WL	V,]S]TM�b�>7��OQ>:X�j�OQ�Sb�j*;:j¬�7;7M��¿OD_?|
j"]W@?k7l7Lo=?bPV^VN]e]WMpb�>7�z�A]T_?l�]FVoV,;7=yÿ`;:@~_hOQg�_?LN=�@?;7>:@?L,_h��bÇ_fl
j�OQ�W>7bÇ_f;:XFL�@^]TgµOQ�I]T;F_J|��:4 Á ³ H+l7=UË M OQ>:X�|��T4Ò· ³ H+l7=UË M C
=fLo@?kAL�V
_?b�{TLoMpR�� ® b��:4�ªS�
4�Z�l:LN=fLoOT@�_?l:Ld=fLo@?;7Mp_f@c�Tb�{TLN>*l7LN=fL
OQ=fL^OT>	LN>:@?LNjz�7M�L�]Qg5_fl7L^M�]T>7�W�<O�{WL�=fOWXFbPOD_?b�]T>"j"LoOW@~;:=?LN|
j"LN>e_f@)XF;7=fbp>:�¦H<GJ3F�<3e|��W�7C<bÇ_!@~l7]W;7MPX¦�IL�>7]T_?L�X�_?l:OQ_
@?LN{TLo=fOTMA>:bp�WlW_�@<=?Lo{TLoOTMpL�X�O*j�OQ�Sb�j*;:j Mp]W>7�T�hO�{TL^=fOWXFb�OQ|
_?b�{TL�VN]e]WMpb�>7�"=�OD_?L�]Tg(]D{WLN=d|��:4Ò´ ³ H�l7=�Ë M 4

� ��»	y��'s�v�� úµºnw	�!ºn¹½ºns'tz¼
Z�LÃOTV��S>7]D��M�LoXF�WL�OTMpM a H<G^m G�Y�K kILN=�@~]W>7>7LNM���l:]
l7LoMpkILoX���bÇ_fl	_?l:LJVNOTMpb��7=�OD_fbp]W>0CeX7LNk7M�]DRSj.Lo>e_oCSOQ>:X�j�OTbp>F|
_?Lo>:OQ>AV,LÂ]Tg._fl7L¶H<Gn3F�d3S|��W��6��`m�@o4 Z�L�OTM�@?]¶_?lAOQ>7�
��M�MP@~�<]T=?_?l KJ;F_?_?]T>�]Tg a U^G^G�
D�dm�µ gi]W=�]D{TLN=�@?LNLNb�>7�
_?l:L.6µ�`m�VNOTMpb��7=�OD_fbp]W>:@N4�Yhl7bP@n�d]W=?�!�hOT@n@~;7k:kA]W=~_fLoX��SR
G�=fj*R�m�L�@~L�OQ=�V�l�U¨®	VNL
�n=fOT>e_cK�G^GJK*���T�W�D|��,|}�TÁW­T�µOT>:X
a OQ_?b�]T>:OTM�3FV,b�LN>AV,L ® ]W;7>:X7OQ_?b�]T>��n=fOT>e_�G�Y��'|��W�T�T±W±TÁS´S4

�0��u)º���ºnu�ºns�yzº�¼
Hd]TM�]T=�OTX7]zm�L�@~L�OQ=�V�l)G^@f@?]SVNb�OQ_?L�@��°Hd]Wm^GJ�
CAV,bp_?LoX����T�T�n÷

Hd]e]WkALo=fOQ_?b�{TL�G<_?j"]W@?k7l7Lo=?bPV�3S;7=?g�OTVNL����7V�l:OQ>7�WL
3e_?;:X7R��o�W�T�:Ce]WkALo=fOQ_?b�]T>:@<k7MPOQ>�C5�,|}Á7��UnV
_?]W�ALo=
���T�W�74�� G^{�OTbpMPOQ�:MpLn]T>F|�M�bp>7LJgi=f]Tj le_~_fk�÷�
�
�������4 V,]WMp]T|
=fOWXF]Q|�=?L�@~L�OQ=�V�l04 V,]Tj�
QVNOT@?Lo@�
QH<Gn3F�d3e|}�Q�:4 le_?j"M°4 �

KJLNMPOQ>SRTC7G*4IHJ4pCAOQ>:X'3247m�4I3SLNj"j"LN=�C0�o�W�T«n÷(G^>!b�>F|
_fLN�W=fOQ_?LoX.@?;7=~g�OWV,L<=fOWXFbPOD_?b�]T>zj"LoOT@?;7=fLNj"LN>e_�@~RF@~_?Loj!4
����� Ò! ZØÄ× �#"�$ Ï�Ñ&%�Ó $(' Ï $*) %�Ø�Ð � C q+� CFªe±D|`·QÁ:4

��M�M�bp]T_oCFZ[4:684�C0�o�W±Qª�÷(Yhl7L�l7Lobp�Wle_�{�OT=?bPOD_fbp]W>�]Tg({WLN=?|
_?bPVNOQM5l:LoOD_�©A;F��>7L�OQ=h_?l:L��T=f]T;7>:X04-,�ÙnÑ�Í[Ò �.�/��0 Ø21 �
3 ÏqÒ �54 Ø $6� C �87 CA­T±T�D|`­Q±e·F4

® OTbp=�OQM�M°CAHJ4FZ[4pCAL,_�OQM°4pC��o�T�W«R÷8G�>7LN�+Mp]S]W��OD_^VoOQM�bp�7=�OD|
_?b�]T>�OQ>:X!;:@?L�]Qg���k7k7M�LNR)6�=fLoV,bP@?bp]W>��}>Fgi=�OQ=fLoX!m�OD|
XFbp]Wj"L,_?Lo=f@o4�6�OQ=?_<�[÷AYhl7LN]W=?R	OT>:X�OQk7k7M�bPVNOD_fbp]W>04 �/�
� Ò! ZØÄ× �
"9$ Ï�Ñ&%nÓ $	' Ï $:) %uØÄÐ � C q/� C0��­T­Q�Q|f��­DªS­F4

® ;:>7�2C:E:47684�C0���T±T�n÷.��LoOT@?;7=fLoX�=fOWXFb�OQ_?b�{TLn©:;F�!XFbp{WLN=?|
�WLN>:VNL�>7LoOT=d_fl7L��T=f]T;:>:X�OQ_h>:bp�WlW_�4;,�ÙnÑÄÍ[Ò �5�/�<0 Ø21 �
3 ÏqÒ �54 Ø $6� C8= � C:ÁW«W­�|}ÁT«W�74

a �WLNj�XFb�=?b�j�Cnµ�4AHJ4�C0���e´D«n÷(G[VN]Tj"k:OT=?bP@~]W>�]Tgc=�OTXFbPOD|
_?b�{TL�OQ>:X�OWV
_?;AOQM5>7]FV
_f;7=f>:OQM0VN]e]WMpb�>7�.=fOQ_?L�@h]D{TLN=
�T=�OT@f@5OQ>:X�@?>7]D��4 �/���#>�> Ð �/3 Ï�Ò+Ï�Ø�Í � C q � CW��±QªeÁD|��o±Qªe±74

m�bPXFLN=�C a 4A��4�C:OQ>:X	�.4:Kz4:m�]W�7bp>A@~]W>0C5�o�e·F�I÷8G[@~_?;:XFR
]Qg�_fl7L�_?=�OQ>A@`giLo=�]Qgcl:LoOD_^OT>:X)�<OQ_?LN=�{DOTkA]W;7=�OQ�I]T;F_
O*@?l7]W=~_<�T=�OT@f@�@~;:=~g�OWV,LT4-,�ÙnÑÄÍ[Ò �?�/�80 Ø&1 �@3 ÏqÒ �@4 Ø $A� C
�8� C7Áe´T·�|�ªW�7�W4




