
������� �	��
����������
����������������������! "���#�!$%��&'
��&(�)�*&+&������,&��-�� ��(�-�)$.�0/1���	�324/��%5��1�2,�%�!�6&'
���$��7�)���8�9�*&0���-�	���9���	�:�;&,�3�!����/<�.=>&'/?��
 ���: '�@1ACBDAFE)G%H BIBDAKJMLN="H AKO<PQA; 	ARH AKESJ HMTRU4L�VNTXW;YZAFTR[7$%VNTZU<A&.AFE�\K[C]RVX^CA_�N`Z[aBDAFb�[ZL1��Ac^Fd<TKH ^CVNJ4��TKH eZAKE[QH BS`f\Kg:$	EhVNi<TR[j^Fdck�AXH U4Ll��AKESbmVNTZ`cL�$	EhVNiNTZ[?^XdZk�ARH Un �7oqpmr7s.tvu_w'x0r7ohtyp -i<EqHMTRUz/�
 �(2Q&0�1�*{}|<~�VKHME�OF\*E�TZA#b�AcVR[Ci<E�AFbmAFTZBD[8gIE�\1bBQdZA�dRAFJ H ^C\1]ZBDAFE{jOF\*E�TRA�BQiNE�O<iNJ AFTX^�A�]FE�\1OFA��)AKJ HM]F\*W�VNTXWgIE\lb�BQdRAfE�AC[jAcVKE�^Fd!VKHMEh^XEhVZghBm 	\��Z�K~_k�AFE�A(BaVNPQAFTmBD\�W<A�{BDAFE�b!HMTRA!VKE�AcVZ{IVZeZAKE�VRU<AcW�eZAKE�B?H ^cVNJ<BQiNE�O<iNJ AFTZB0��ic�RAc[c�-2X\*E/�
 ��2Q&0�1�N{I|K~�V�[?�1iXVKEAC{�[CdRVN]FAZW�EAKJ VZB?H eZAKJ `�[�bmVNJ�J4�,H U1dZB]RVZBIBDAKEST9\Fg!�c�8PFb��8�c��PKbzg�\*E:BQdZA��)AFJ HM]F\�W�VNTXW��c�PFb��"�c��PKb�g�\*E:BQdRA8 	\��c�<~�VKHME�^FE�VZghBfk0VR[7�1\Rk�T�VZBBQd<E�ACA"VNJ B?H BQiXW<AC[�VNOF\FeRA�dZACBDAFE�\KU<AFTR\1iR[9UlE\li<TXW4���(dZAJ \Rk�AC[aB;�,H U1dZB�]RVZBQd�k0VR[�VZB��C�<�3b�VNJ B?H BQiRW<A�g�\*E7BQdZA�)AFJ HM]F\�W�VNTRW�VZBy�K�<�"b�g�\*E'BQdRA� 	\+�c�<~l�"�(dZA�UK\NVNJ\Fg'BQdKH [;]XVN]FAFE�k0VR[7BD\8W<A�BDAKESb7HMTZA;eRAFEB?H ^CVNJ0J VZBDAFTZB7VNTXW[aAKTZ[QHMO<J A'[Ci<EgqVX^�AfdZAZVZB.��iC�XAC[.k(H BQd�BQdRA!HMTZeZAKE[jA_b�ACBQdZ\�Wk�dKH ^Xd(H [)V'^C\1b_OKHMTRVZB?H \lT:\Kg�BQdZA(HMTceRAFE�[aA�b�\�WKAKJ HMTZU�BDAc^Fdc{TFH �liRA��S��VKEhVNTcBD\lJ V�L��c|K~<�< 7VNTXW8BQdZA�J \Rk0{?J A�eRAFJ.b�ACBQdZ\�W�}�0E�i<TZk0VNJ W¢¡R£_¤K¥M¦�L§�c|<|K~N 9iZ[QHMTZU�\lT<J `�b�AcVR[Ci<E�AFb�AKTcBD[gIE\lb¨BQdZA�J \Rk�AC[aB:�,H UldcB§]RVZBQd��7
�TyVv[jAc^�\lTRW�[DBDAF]�BQdZAc[aA^CVNJ ^Fi<J VZBDAZW�BQi<E�O<iNJ AFTZB�[Ci<EgqVX^�A���iC�XAC[yk�AFE�A�^�\lb_]XVFE�AcWBD\;[�iNE�gqVX^CA7��ic�RAc[(^CVNJ ^XiNJ VZBDAcW;gIE\lb©VKHMESOF\*E�TZA�b�AcVR[Ci<E�A�{b�AFTZBD[fVZB7BQdNEAcA�dRARH UldcBD[fVNTXW�J HMTRAcVKE:A��ZBQEhVN]F\1J VZB?H \lT�BD\BQdZA�U1E�\1iNTRW3�Sªl ){?OF\Z��bmA�BQdR\*W* ;VNTXW�VNJ [j\�BD\"[Ci<EgqVX^�A��iC�XAC[�^cVNJ ^XiNJ VZBDAcW!gIE�\1b�UlE\li<TXWvb�AZVR[�iNEAKb�AFTZBD[c�:�«[QHMTZUBQdZA�J \Rk0{?J A�eRAFJRb�ACBQdZ\�W�dRVR[«BQdZA�VXWKeRVNTZBaVRUKA:\Fg�TR\FB�TRACAZWF{HMTZU�BQdRA�VN]N]FE\Z�<HMbmVZB?H \lT�\Fg(V8J HMTZAZVFE0A��ZBQEhVN]F\1J VZB?H \lT�g�\*EBQdZA'^C\1b_]NJ A�BDAmOF\1iNTRWNVKE�`7J VC`CAFE1VR[0H B.H [-TRAc^CAC[a[?VFE`'g�\*E�E�A�{BQE�H ACeFHMTRU�[Ci<EgqVX^�A���ic�RAc[(gIE�\1bzVKHME�OF\*ESTRA9b�AcVR[Ci<E�AFb�AKTcBD[HMT�BQdNEAcA�dZAXH U1dZBD[c�z2*i<EBQdRAFE�b�\*EA�BQdZA�HMTZeRAFE�[aA�b�\�W<AFJ {HMTZU�b�A�BQdR\�W9W<\*AC[_TR\FB!E�Ac�liFHME�A�gIi<EBQdZAKE�b�AcVR[Ci<E�AFb�AKTcBD[�qAN� U,��L�U1E�\1iNTRW�\*E�bmVR[DBvb�AZVR[�iNEAKb�AFTZBD[? C�9�lHMb_]NJ `9\lTZA[j�liRVKE�A_HMT;J \Rk�VNJ B?H BQiXWKA�dXVR[�BD\9OFA!�1\RkmT*�¬ �7oqp�_®�s.¯	®¢°"®�r7±§tvu
MT�BQdZA�g�\lJ�J \Rk'HMTRU�BQdRAmHMTceRAFE�[aA!bm\*W<AFJ HMTRU§BDAc^Fd<TKH �1iRA!iR[aAC[V_bmAcVR[�iNE�AcW_WNVZBaV([jA�B	\Fg%VNTmVZBQb�\<[�]NdZAKE�H ^��liRVNTZB?H BS`�VNTXWVNT_VR[a[�iNb�AZW�bm\*W<AFJ4EAKJ VZB?H \1TR[�dKHM]mBQdXVZB-W<AC[?^XEqHMOFAC[m]<dZ`R[D{H ^CVNJN]FE�\*^CAC[j[aAC[.\Kg�BQdZA(�liXVNTcB?H B�`�BD\;E�AF]KE\�WliR^CA'BQdZA_b�AcVZ{[�iNEAZW"WNVZBaV�[jA�B;VR[�V�[jA�Bv\Fgv]RVKEhVNb�A�BDAKE[��q=�\1J ²#VNTXW$%VNTZU<A<L:�K�K�<�< C��
�T�\FBQdRAFE�k�\*E�W<[�BQdZA�BDAc^Fd<TKH �liZA�iR[aAC[VN]<]KE\l]FE�H VZBDA�bm\*W<AFJ.VR[a[Ci<bf]cB?H \lTZ[vBQdXVZB�VFE�A�OXVR[aAcW�\1TBQdZAc\*EACB?H ^CVNJ4VR[j[�iNb_]ZB?H \1TR[�BD\�³�BfbmAcVR[�iNE�AcW�WNVZBaV��y�(dZABDAc^Fd<TKH �1iRA�H [8ORVR[jAcW�\1T�BQdZA�VR[a[Ci<b_]ZB?H \1T�\Fg�V¢J HMTZAZVFEEAKJ VZB?H \1TR[�dKHM]��DJ HMTRAcVKE�\l]FAFEhVZBD\*E)´_ _OFA�B�k�ACAKT_BQdZA�b�\�WKAKJ]RVKEhVNb�A�BDAKE["µ¶ VNTXWyBQdZAyb�AZVR[�iNEAKb�AFTZBD[ µ·N¸?¹}ºX»
¼4½K¾�¾ ¡?¿aÀ ½*Á<ÂNÃ�ÁcÄ ¤NÅN£�Æ ½K¾IÇ @1ACBDAFE	G«H BIBDAFJML*&.AFE�\K[C]RVX^CAf�N`R[D{BDAFb�[ZL���AZ^XdNTFH ^cVNJ(��TKH eZAKE[QH BS`�\Fg9$	E�VNiNTZ[?^XdZk�ARH U,L§��AFE{bmVNTZ`*È,]�� ÉRH BIBDAFJ Ê�BQiZ{jOR[c� WKA

µ·*¸j¹}º�ËÌ´;Í4µ¶�ÎË ¶9Ï:Ð"¶�Ñ µÒyÐ"¶�Ó µÔ7Ð�¶�Õ µÖmÐ"¶�× µØ �j�Z k'H BQdÍ ¶ ÑRÙcÚCÚCÚcÙ ¶ × Î ËÜÛ�Ý µ·N¸?¹}ºÝ Ò ÙCÚcÚCÚ�Ù Ý µ·*¸?¹�ºÝ Ø6Þ Ú ���< 
MT�BQdFH [fAc�liRVZB?H \lT*L!µÒ L_µÔ L.VNTXW#µÖ VKE�A9^CVKEBDAC[ßH VNT�^�\*\*EhW*H {TRVZBDAc[�VNTRW µØ H ['BQdRA7B?HMb�A<�_2X\*E�AQ�FVNb_]NJ A<LlBD\�E�AF]FE�\�W1iX^�ABQdZA9]F\FBDAKTcB?H VNJ�BDAKb_]FAFEhVZBQi<E�A<L�³�E[aBCL)EAZVNJ H [DB?H ^;bm\*W<AFJ,VR[D{[�iNb_]cB?H \lTZ[0HMT(BQdRA!EhVNTZU<A'\Fg,BQdZA7]F\KBDAFTZB?H VNJCBDAKb_]FAFEhVZBQi<E�AU1EhVXW*H AKTcBD[yVNTRW�H BD[_BDAKb_]F\*E�VNJ«W<A�eRAFJ \l]<bmAFTZB;dRVR[fBD\"OFAbmVXWKAN�(&�WNW*H B?H \lTRVNJ�J `9b�AcVR[Ci<E�AFbmAFTZB�AKESE�\*E�[fdXVZeZAfBD\�OFABaVNPßAKT'HMTZBD\�VX^C^C\1iNTcBC���'dRA�\1iZBQ]NicB%\Kg�BQdZA'HMTceRAFE�[aA�b�\�WKAKJBQdZAKT9]FE�\FeKH W<AC['BQdRAfUlE�VXW�H AFTZB�VNTRW�BQdZAfBDAFb_]F\*EhVNJlW<A�eRAFJ {\1]Nb�AFTZB_\Fg'BQdRA�b�AZVNT8]F\KBDAFTZB?H VNJ�BDAFb_]FAKE�VZBQiNE�A9VR[�BQdZA]RVKE�VNbmA�BDAFE�[�µ¶ ���\�^CVNJ ^Fi<J VZBDA.BQdRA�[Ci<EgqVX^�A�dZAZVZB���iC�1Lc³�E[aBCLCBQdRA']F\KBDAFTZB?H VNJBDAFb_]FAKE�VZBQiNEAyU1EhVXW�H AFTZBD[�gIE�\1bzBQdZA�HMTceRAFE�[aA9b�\�W<AFJ1\1iZBI{]<iZB;dRVZeRA�BD\�OFA�HMTR[aAKE�BDAZW�HMTZBD\�BQdRA�ONiRW<UKACB!AZ�1iXVZB?H \1T��2X\*E�BQdZA!BQiNESONiNJ AFTZB:[aAKTZ[QHMO<J AydRAcVZB:��iC��à"L�BQdFH [�H [c»Ý àÝ Ö Ëâá¨ã�ä*å?æ�Ý-çèÝ Ø�é á�ã�ä*å?æ çê Ý-çèÝ Ò Ð äNå?æ çë Ý-çèÝ Ô é Ù ��ª< k�dRAFE�A9ä�H [�BQdZA�W<AFTR[ßH B�`�\FgmVKHMEIL0å æ BQdRA�[�]FAZ^ZH ³l^�dZAZVZB^�\1TR[DBaVNTZB4\Kg1VKHME}L çê VNTXW çë VKE�A	BQdZA'bmAcVNT(dR\*E�H ÉC\1TZBaVNJak'HMTXWeZAKJ \*^RH B?H AC[(VNTXW çè H [�BQdRA;b�AcVNT�]F\FBDAFTZB?H VNJNBDAFb_]FAKE�VZBQiNEAN��'dRA7BQi<E�ONi<J AKTcB([jAFTR[ßHMONJ A;dZAZVZB'��iC��à>HMTv\1TRA�dRARH UldcB Ö^CVNT;OFA_^CVNJ ^Fi<J VZBDAZWyk'H BQdàìËÌíîðïñ òó Ñ äNåßæ1ôqõ�ö è ö�÷ Ù �S�N k�dRAFE�A î Ë¢ø§VNTRW7H [«BQdRA(TNiNb_OFAFE�\Fg�J AcUK[)VNTRWmõ ö L è ö VFE�ABQdZA0BQi<E�O<iNJ AFTZB.]XVFEBD[«\Kg�BQdZA0eZAKE�B?H ^cVNJQk'HMTXW�VNTXW_]F\KBDAFTZB?H VNJBDAFb_]FAKE�VZBQiNEANL�E�AC[C]FAc^QB?H eRAFJ `Z�:2�HMTRVNJ�J `'eXVNJ�iRAC[	g�\*E1BQdRA-BQi<E{O<iNJ AFTZB�[jAFTR[ßHMONJ A:[Ci<EgqVX^�A!dRAcVZB���iC�mà;¸-^CVNT7OFA�\1OZBaVKHMTRAcWiZ[QHMTZUyBQdRA�J HMTRAcVKE%AQ�RBQEhVN]F\1J VZB?H \1T7BD\yBQdRA!U1E�\1iNTRW,»à Ï Ë�àùá ã Ý àÝ Ö é Ö Ú ���< 
MT_BQdRA§g�\1J�J \Rk(HMTZUvVFE�AcV�VZeZAKE�VRU<AcW;[jAFTR[ßHMONJ A![�iNE�gqVX^CAvdZAZVZB��iC�XAC[	^CVNJ ^Fi<J VZBDAZW�k(H BQd'BQdZA(HMTZeZAKE[jAmbmA�BQdR\*W§k�AKEA�^�\lb({]RVKEAZW8BD\�BQdR\K[jA�\1OZBaVKHMTRAcW�gIE\lb�BQdRA�ª4 ){jOF\Z��b�ACBQdZ\�WVNTRWygIE�\1b¨U1E�\1iNTXW�b�AcVR[Ci<E�AFb�AKTcBD[Z�



ú �7s-®�¯	w§û�r�¯�*AFTR[ßHMONJ Af[Ci<EgqVX^�A�dRAcVZB(��ic�XAC[!^CVNJ ^XiNJ VZBDAcW�k'H BQdvBQdRA�HMTc{eZAKE[jA!b�A�BQdR\�WyiZ[QHMTZUyb�AZVR[�iNEAKb�AFTZBD[)gIE\lb�BQdZA_�)AFJ HM]F\�WVNTRW�BQdZA� 	\��c�K~9k�AKEA�VKE�\1iNTRW��Z�K��VNTXW"�<�cü�ý¢þ�ÿ ÓEAc[�]FAZ^QB?H eRAFJ `�VNTXW+VFE�A�HMT�UK\*\�W"VRU1E�ACAKb�AFTZBvk'H BQd8[Ci<E{gqVX^�A�dZAZVZB(��iC�XAC[m\1OZBaVKHMTZAZW;gIE�\1bzBQdZAyªl ){?OF\Z��b�ACBQdZ\�Wg�\*E«BQdRA9�)AFJ HM]F\�W9W<VZBaV���|K�;ý¢þ�ÿ Ó  (VNTXW�gIE�\1bzU1E�\1iNTRWb�AcVR[Ci<E�AFbmAFTZBD[(�a�Z�K~7ý¢þ�ÿ Ó  	kmdZAKTfb�AZVR[�iNEAKb�AFTZB�AFE{E\*E�[%k�AKEA�^�\lTZ[QH WKAKEAZW4���'dRA0[Ci<EgqVX^�AmdZAZVZB%��ic��\lOcBaVKHMTRAcWgIE\lb�BQdRA7 	\v�c�K~mW<VZBaV(k'H BQd'BQdRA'ªl ){?OF\Z�!bmA�BQdR\*W_H [.üK~ý¢þ ÿ Ó ���«VNJ ^XiNJ VZBDAcW�[aAFTR[ßHMONJ A�dRAcVZB!��iC�XAC[_VKE�A�[�dR\Rk�THMT�2*H U,���<�

-50� 0� 50 100� 150�
sensible heat flux in Wm� -2

0.0

0.2

0.4

0.6

0.8

1.0

no
rm

al
iz

ed
 b

ar
om

et
ric

 h
ei

gh
t z

/z

�

i

2*H U,���<»��4¡ Á ¿ Ã	� ¥�¡(¿CÅ ¾�
 ¤�C¡7ÆN¡Q¤N£���Å��N¡?¿c¦

0� 200� 400� 600�
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