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D/E�FHG�I�J5K�G
LNMPO5Q�R:S�TUS�V8W5Q�XYQ�Z\["]^X^_a`bX^[HcUX^[HMPM^_aT�S�[HMP]^_aZdQe]^T�XPMfMPO�`Yg�Q�M)M^ZbT�T�]^g�_hS�cdMPW�Ra_aS�[HM)T�X)iU[HX^S�[HR

[HMP]^_aZdQe]^T�XPM\Q�XP[jc�T�T�k�]^T�TURhM/l
T�X)TUW�]^_aZmQ�RnZ\[#QeSoMPp�O5Q�XP[Hkq["X^X^TUXjQ�W�W�XPT�r�_hZmQ�]P_hTUSsT�l�ZdQeS�t
M^ZbT�T�]^gul%O�S�`H]P_hTUS�M#v�wxT�yz["{�[HX�|�]^g�[HtbT�l
]P[HS\MPg�T�y}ZdQ�S�t�Ra_a]^]PRa[Ny:_ac�cURh["M�y:g�_a`Yg\k�TuS�T�]NQeW�W�[#Q�X
]^T)~�[�S�[H`H["M^M�QeX^tml%T�X:Quc�T�T�kdk�[HM^`HXP_aW�]^_aT�SmTel�]^g�[�k5Q�]YQ�v

�:g�[nS�[Hy��^��W��NM^ZbT�T�]^g�[HX�_aM�QN���#�U���u�������#���e�h�����Y�N�������"�h�������#��[HM^]P_hZmQ�]P[zy:_a]^guQNS�T�{�[HR
X^TUO�c�g�S�[HM^M�W�[HS5QeRh]8t�vn 8]NW�[HS5QeRh_a¡H["M¢Q)XP[HR�Q�]P_h{U[)£�������¤U�)T�l�`HO�X^{�Q�]PO�X^[UvN�:g�_aMxRh[�Q�k�Mx]^T)k�_aMh¥1T�_aS�]
`HR�Q�MPM^[HM�Tel�l
O�S�`"]^_aT�S�M�|�[#Qe`Yg¦y:_a]^g�Quc�_a{�[HS§S>O�Z)~5[HX�|5¨�©:|�T�l�_aS�ª5[H`"]^_aT�SjW�T�_aS�]^M�v¢«�T�XNQ¬�^��W��
[HMP]^_aZdQe]^[�|��®¯®8°%±5²�³6´f°%±uµ¦¶x·�²<¸�¸�¸H°
±7µ¹¶nº�»5²,¸P[Hr�W¢¼�½5°
±�²H|�y:g�_h`Ygb_hMx¾H�#�u�a¿aÀ���ÁP���u�#Â%ÁH��£�y:_a]^g
W5QeX�Q�Zb[H]^["X^MN¶�ÃfQeS�k\S�T�S�W5QeX�QeZ\[H]PX^_a`NW5QeX^]�¼�½�°^¸¯²Hv

«�TUXNQu{�[HXPtmc�[HS�["X�Q�R,`HR�Q�MPMNT�lzÄsv¯Å�v¯Æ�v�["M^]^_aZmQ�]^TUX^M�|�Qu`HT�S�{�["S�_a[HS�]:l
TUX^ZTelÇ]Pg�[�`Yg5QeX�Q�`"]^[HXÈV
_a¡H_aS�cuk�_�ÉÊ[HXP[HS�]^_�Q�R,[Hp�O5Q�]P_aT�S\_aM:k�["X^_a{�[Hk,v

 %l5]^g�[zZmQ�_aSNMPZ\T�T�]Pg�_aS�czW�Q�X�QeZ\[H]P[HX�¨ © _aM�MPW5["`H_�Ë5[Hku`HT�XPX^[H`H]PRat>|�]Pg�_aM�Q�W�W�XPT>Qe`�g�t>_a[HRak�M,{�[HXPt
M^ZbT�T�]^g/l
O�S�`"]^_aT�S�Mu°�_aS�`HRaO�k�_hS�cfk�["X^_a{�Q�]P_h{U[HM�²�y:g�_aRa[7QeW�W5QeX^[HS�]^RatbS�T�]xM^O�É<[HX^_aS�c/l
X^TUZ[HXPT�M^_aTUS�|
]^g�[¢W�X^_aS�`H_aW5QeR<~�_�Q�M:W�XPT�~�Ra[HZTel�]^X�Qek�_a]^_aT�S�Q�R�M^Z\T�TU]^g�[HXPM#v
ÌbÍ�ÎÐÏ�Ñ5I�Ò�FeÓ¹Ô:TUO�c�g�S�[HM^MbW5["S5Q�Ra]8t<Õ: 8S�ª5["`H]^_aT�S6W5TU_hS�]�ÕÖÄ§Q�r�_aZ)O�Z×W5[HS�Q�Ra_a¡H[Hk�Ra_hiU[HRa_ag�T�T>k,Õ
Ô:TU~�O�MP]:M^Z\T�TU]^g�_aS�c�v
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" ^�hftLY | `!jlhFpDYus[`!pDYuj�# ^ r ^N�%$D`bai`bZ]Yuh a@\ks�a@Yuq>a@Yujijl\ r ^�Z]Yuhft r pDj�tD`'&bY)(DYuY[^~pDY�&bY |kr $DYup h r q>`!\_^+* Y�,N�
\-(L\ | \kh%.�\_^�a@Yuq>a Yujiji\ r ^/$Da r ( | Y[Z]j r c%p `!hf` `b^D` | .Lji\kj�0�vFtLY1$D`bai`bZwYuhfa@\ks Z r pDY | j g jiYup�\_^�pD\�&bY[a jiY
`Na@Y[`!j�tD`'&bY�( YuY[^ h rLr a@Yujihfa \ysuhl\2&NY�c r a%Z `N^3. `3$�$ | \ks[`!hi\ r ^Lj'0�vFtLY g j g ` | ^ r ^N�%$D`bai`bZ]Yuh a@\kswa Yuq>a@Yuj@�
jl\ r ^�s g a4&bYuj4j g sut�`!j jfZ rLr hftL\_^LqJj5$ | \_^LYuj�} XL\ | &NY[aiZ `b^6# � �N�37�8:9J`bt�(D`�# � �b�b��8 o g (D`b^Dm;# � �b�b�N��#
m Y[ai^LY | Yujihi\_Z `!h r a@j�} {0e`ba@p | Y `N^Lp=<0`!jijiY[a�# � �b�?>;8?@�egL|k| Y[a�# � �b�b��8b{0e`ba@p | Y3# � �b�b�A8>�Ft g `b^Lp�@�`baia r ^6#
� �b� � ��# r a |yr s[` |k| .���Yu\kq>tbhlYupJa@Yuq>a@Yujlji\ r ^CB2D3EGFIH�J�JLK�} � | Y�&bY | `b^Lp�# � �3Mb�N��tD`'&bY]hftLY�^L\ksuYN$Da r $ Y[a@h4.
h r�O h�`P&!`!jih%s | `!jij r c�jfZ rLr hft~c g ^Lsuhi\ r ^Lj���Y |k| 0�Q g h%hftLY�. jihi\ |k| Z `'.�jft r � Z `b^L. | \khih | Y ��\yqNq | Yuj
��tL\ysut�p rSR;T3U `3$�$ Y[`ba%h r (DY�^LYusuYujijf`Na4. c r a�`~q r>r p�pDYujis[a@\-$Lhi\ r ^ r cFhftLY p ` hf`�0NV(jihf` hi\kjihi\ksu\_`b^
g jl\n^Lq hftLY1Wf^D`bm!Yup Y�.bY�X�� r>gL| p�p al`[� `4s g a4&bY]�F\khft r ^ | .�`!j�c Yu� \_^L* Yusuhi\ r ^S$ r \_^bhlj�`!j)$ r jlji\-( | Y
c r aF` |yr ���%(L\_`!j O hFh r hftLY%p ` hf`�0

XL\_^LsuYNWi�F\kqbq | Yuj�X `ba@Y�sztD`bal`!suhiY[a@\k�uYupY(L. \_^L* Yusuhi\ r ^N$ r \_^Nhij�# r ^LY%Z `'. `!jfm0c r a�`TjfZ rLr hft s g a4&bY
��\yh t ` j]c Yu��\_^L* Yusuhi\ r ^Z$ r \_^bhij�`!j�a@Y[`!j r ^D`3( | .[$ r jijl\\( | Y30 vFtL\kj�\kpDY[`�\kj Z ` pDY]$Da Yusu\yjlY�\_^�hftLY
$Da YujiY[^bh^$D`3$DY[a�\_^ ` Z r a@Y%qbY[^LY[ai` | s r ^LsuY�$Lh r c�_�`ba R3cbdeT4f _'gbh5i�a U gbh d 0

j Yuh g j s r ^Ljl\ypDY[a `b^%Y�,D`bZP$ | Y��F\khft0a@Y[` | p `!hf`�0 vFtLY�Byt rLg ji\_^Lq%jihf`ba@hlj�K jiY[a@\kYuj c a r Z hftLY�j r c h@�F`ba@Y
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k \kq g a Y �3l v a Y[^Lp�s r ZP$ r ^LY[^bh�} tLjnm!hfa@Y[^Lp � r c)hftLY�{ r>g ji\_^Lq XLhf`ba@hij�jiY[a@\kYuj]`!j%s r ZP$ g hiYupC(3. hftLY
Jpo!qrD�$Da r suYup g a@Y�\_^ts60 vFtLY%s g a4&bY]tD`!j � �0\_^L* Yusuhi\ r ^1$ r \n^Nhij�0
$D` szm `!qbYIs��F`!j%pDY � jiY[`!j r ^D` | \y�uYup g ji\_^Lq/u-J�o!q;D3vw# `b^Lp�h tLY a@Yuj gL| hl\n^Lq p `!h `J} \_^Ls |_g pD\_^LqJhftLY4^ r \kjiY
$D`Na@hf�4hf`bm Y[^ ` j�ai` �:p `!hf` } \n^xs jihf`!hlY[Z]Y[^bhlj lzy|{[}�~�{����6�G��y|{?���b�L�|���=���L����}�~�y|{��?���A���r�
� y|{����?�����?�3�6�3�b� ��0 vFtLY hfa Y[^Lp�s r ZP$ r ^LY[^Nh�s r ZP$ g hiYup�(3. {3�?�6� \kj ` jfZ rLr hft r c�hftL\kj4p `!hf`
} O q g a@Y � � ��\yh t � ��\_^L* Yusuhi\ r ^�$ r \_^Nhij)`b^Lp4`%a@Yuji\kp g ` | j g Z r cHj�� g `Na@Yuj r c �A0�Mb��0 k \yq g a@Y���j g qbqNYujihij
h tD`!h)`TjfZ rLr hft]s g a4&NY���tL\ksut O hlj�hftLY�p `!hf`0a@Y[`!j r ^D`L( | .]��Y |k|Hr ^ | .�^LYuYupDj�hftDa@YuYF\_^L* Yusuhi\ r ^t$ r \_^Nhij�0
v�tLY.j Z r>r hft�j rN| \kp | \_^LY4\yj%h tLYwa Yuj gL| h r c�hftLY1W�9Z$�X=$Da r suYup g a@Y h r ( Y]pDY O ^LYupS(DY |kr �)0�V s g (L\ys
j5$ | \_^LY `b^Lp�`ND3E6FIH�J'J s g a4&NY�`ba@Y�` | j r jft r ��^60 vFtLY jfZ rLr hftD^LYujije$D`bai`bZ]YuhlY[a@j%��Y[a@Y]szt r jlY[^ h r
$Da r p g suY h tLY jf`bZ]Y a@Yujl\yp g ` | j g Z r c�j�� g `ba@Yuj�`!j%hftLY1W�9Z$�X�jfZ r>r h tLY[a�0�vFtLY h@� r s r ZP$DYuhl\yh r a@j
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’Wp’ (sm.par= 0.0005)
Cubic Spline w/ RSS= 12.16
LOWESS w/ RSS= 12.16

k \kq g a Yd� l�� Y � jiY[`!j r ^D` | \k�uYupNByt r>g ji\_^Lq0jihf`ba@hlj�K-#[`�hi\_Z]Yuj � jiY[a@\kYuj r c | Y[^Lqbh t � �b��0�V W�9Z$�X%jfZ rLr hftLY[a�#
a Yujihfa@\ksuhiYup�h r�� \_^L* Yusuhi\ r ^1$ r \_^bhij'#D�F\khft�a@Yuji\kp g ` | j g Z r c7j�� g `ba@Yuj�� � ��� �	� 0 � g (L\ks�jn$ | \_^LYuj�`b^Lp
DLE6FIH�J�J0`ba@Y%h g ^LYup h r tD`'&bY�hftLY�j `bZ]Y�a@Yuji\kp g ` | j g Z r c7j�� g `ba@Yuj�0
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’Wp’ (sm.par= 0.0005)
Cubic Spline w.  3 infl.pts
LOWESS w. 3 (+..) infl.pts 

k \kq g a Y � l By{ rLg ji\_^Lq�jih `ba@hij�K p `!h `�0 � g (L\ks�jn$ | \_^LYuj)`b^LpeD3E6FIH�J'J �F\khft%hftLY (DYujih O hijxc r a � \_^L* Yusuhi\ r ^
$ r \_^bhljw} c r a D3E6F�H�J�J r ^ | .�\ c��F\kqbq | Yuj%^LY[`ba�( r hft4Y[^LpDj%`ba@Y r Zw\yhlhiYup ��0

( r hft4jft r � ai`!h tLY[a g ^Lj Z r>r hftI( Y[tD`'&>\ r a�0 " ^ O q g a@Y � #>h tLY%s r ZP$DYuhl\yh r a@j���Y[a@Y%h g ^LYup�h r $Da r p g suY
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r ^ | .�� g jih � \n^L* Yusuhl\ r ^I$ r \_^bhij'0 � r ZP$D`bai`L( | Y�h r W
9 $�X�\_^]hiY[aiZwj r c jfZ rLr hftD^LYujij'#!hftLY�. ^ r ��j g�� Y[a
c a r Z WiY[a r ji\ r ^�X;#>\ 0 Y30 #r(L\_`!j ^LY[`Na |kr s[` | Y�,>hfa Y[Z `�0

V jlYus r ^Lp Y�,D`bZP$ | Y%c r a s r ZP$D`Na@\_^Lq�jn$ | \_^LYuj�`b^Lp�hftLYtW�9Z$�X]jfZ rLr hftLY[a@jFjlhiY[Z]j�c a r Z 9J`bt�(D`
`N^LpY9 rb| p�} � �3M37N� } ` | j r su\khiYup \_^t9J`bt�(D` } � �b�b��#�$60�>b7��b> � �i�p0�� � � �b�wp `!hf`P$ r \_^bhij }	��
����
 �F`ba@Y
qNY[^LY[ai`!hiYup�` j���
����������:#b`b^Lp���
����7}	��
 ����� "! 
4#!��tLY[a@Y ! 
 `ba@Y�\ 0 \ 0 p�0bjih `b^Lp `ba@p ^ r aiZ ` | &1`ba \n` hiYuj�#`N^Lp�hftLY+Wihfa g Y�XTc g ^Lsuhi\ r ^4\kj#�7}	� � � > � � ��$&%�' } �)(*$+%�' �[} �)( � $&%�' ��0 " ^ O q g a@Y^>r#NhftLY�p ` hf`%s | Y[`ba | .
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deg. freedom     # infl.pts
         9.7                 7
         8.5                 5
         6.6                 7
         5.8                 3
         4.6                 3

,Af&/#ghXYD0D�4<M�;=8�6�g:U O ;=8�7CL[Z[;E4<M�K0;=i�7�97�8�4jL	XYD0D:4<M�;=8�6
U�-Q9-�XY7C4	7�9Lj_�blkmM�7�npo�q#B�@�9r�7s;ELjL O ;E6QM�4 OEt 4<M�;EBvuw7�9Fb

k \kq g a Y�> l vFtLY]Y�, `bZ+$ | Y r c 9�`btb(D`4`b^Lp19 rb| p�} � �3M37N��0�} `b��jft r �Fjx� }v� ��#Dh tLY.p ` hf`�`N^Lp[W�9Z$�X
j Z r>r hftLY[a@j�#L��tLY[a@Y[` jT} (D��s r ^ O aiZ]j�hftD` h)j Z r>r hftL\_^Lq jn$ | \_^LYuj%j r Z]Yuhi\_Z]YujF`ba Y%Yu\yh tLY[aF^ r h�jfZ rLr hft
r a�j g�� Y[a c a r Z s r ^Lji\kpDY[ai`3( | Y]Y[a r jl\ r ^60
j g qbqbYujih%hftD` h r ^LY \_^L* Yusuhi\ r ^/$ r \n^Nh�j t r>gL| pJj g�y suY]c r a%`�jfZ rLr hft s g a4&NY O hihi\_^Lq h tLY p `!hf`4��Y |k| 0
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