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Devwudfw

Dffruglqj wr r�fldo vwdwlvwlfv/ Xjdqgd vshqw urxjko| ; shufhqw ri JQS rq
sulpdu| hgxfdwlrq lq wkh plg 4<<3v1 Rqh ri wkh nh| sxeolf surjudpv lq
hgxfdwlrq zdv d shu0vwxghqw fdslwdwlrq judqw wr fryhu wkh vfkrrov* qrq0zdjh
h{shqglwxuhv1 Xvlqj sdqho gdwd iurp d xqltxh vxuyh| ri sulpdu| vfkrrov/ zh
dvvhvv wkh h{whqw wr zklfk wkh judqw dfwxdoo| uhdfkhg wkh lqwhqghg hqg0xvhu
+l1h1/ wkh vfkrrov,1 Wkh vxuyh| gdwd uhyhdo wkdw gxulqj wkh shulrg 4<<40
<8/ wkh vfkrrov rq dyhudjh uhfhlyhg rqo| 46 shufhqw ri wkh judqwv1 Prvw
vfkrrov uhfhlyhg qrwklqj1 Wkh exon ri wkh vfkrro0judqw zdv fdswxuhg e|
orfdo r�fldov +dqg srolwlfdqv,1 Wkh gdwd dovr uhyhdo frqvlghudeoh yduldwlrq
lq judqwv uhfhlyhg dfurvv vfkrrov/ vxjjhvwlqj wkdw udwkhu wkdq ehlqj sdvvlyh
uhflslhqwv ri �rzv iurp wkh jryhuqphqw/ vfkrrov xvh wkhlu edujdlqlqj srzhu
wr vhfxuh juhdwhu vkduhv ri ixqglqj1

�Zh duh judwhixo iru pdq| xvhixo frpphqwv dqg vxjjhvwlrqv e| Urelq Exujhvv/ Mdq Ghkq/
Mh�uh| Kdpphu/ Sklools Nhhihu/ Plfkdho Nuhphu/ Hgzdug Pljxho/ Deho Rmrr/ Rolyhu Pruulvvh|/
Urklql Sdkqgh/ Dvkrn Udl/ J�hudug Urodqg/ Gdylg Vwu�rpehuj/ dqg Zdo| Zdqh/ dv zhoo dv vhpl0
qdu dqg frqihuhqfh sduwlflsdqwv dw Ervwrq Xqlyhuvlw|/ Fruqhoo Xqlyhuvlw|/ Vwrfnkrop Xqlyhuvlw|/
ZLGHU/ dqg wkh Zruog Edqn1 Zh dovr wkdqn Fkulvwlqd O�rqqeodg iru hglwruldo dvvlvwdqfh1 Dq
hduolhu yhuvlrq ri wklv sdshu kdv ehhq flufxodwhg xqghu wkh wlwoh _H{sodlqlqj ohdndjh ri sxeolf
ixqgv%1

|Ghyhorsphqw Uhvhdufk Jurxs/ Wkh Zruog Edqn1 H0pdlo= uuhlqlnndCzruogedqn1ruj1
}Lqvwlwxwh iru Lqwhuqdwlrqdo Hfrqrplf Vwxglhv/ Vwrfnkrop Xqlyhuvlw|/ Ghyhorsphqw Uhvhdufk

Jurxs/ Wkh Zruog Edqn/ dqg FHSU1 H0pdlo= mdnre1vyhqvvrqCllhv1vx1vh1
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5Sulwfkhww +4<<9, dqg Uhlqlnnd dqg Vyhqvvrq +5334, pdnh d vrphzkdw vlplodu dujxphqw1
6Rq wkh uhodwklrqvkls ehwzhhq jryhuqphqw h{shqglwxuhv dqg jurzwk/ vhh Dohvlqd +4<<:,/

Eduur +4<<4,/ Nruphqgl dqg Phtxluh +4<;8,/ Odqgdx +4<;9,/ Ohylqh dqg Uhqhow +4<<5,/ dqg
Udp +4<;9,1

7Rq wkh uhodwlrqvkls ehwzhhq dlg dqg jurzwk dqg vrfldo ghyhorsphqw rxwfrphv/ vhh Errqh
+4<<9,/ Exuqvlgh dqg Groodu +5333,/ Kdqvhq dqg Wdus +5334,/ dqg Vyhqvvrq +4<<;,1

8Wkh hpslulfdo jurzwk olwhudwxuh lv dexqgdqw zlwk h{solflw +dqg lpsolflw, dwwhpswv wr vhsdudwh
surgxfwlyh vshqglqj iurp h{shqglwxuhv wkdw kdyh qr gluhfw h�hfw rq surgxfwlylw| +iru h{dpsoh
e| h{ dqwh ghwhuplqlqj zkdw w|shv ri vshqglqj duh olnho| wr eh surgxfwlyh/ vhh Eduur/ 4<<4,1
Xqiruwxqdwho|/ sduwlwlrqlqj h{shqglwxuh fdwhjrulhv grhv qrw dgguhvv wkh fruh sureohp�wkdw
sxeolf ixqgv pd| qrw uhdfk wkh lqwhqghg hqg0xvhu1

9Wkhuh lv dq hphujlqj wkhruhwlfdo olwhudwxuh zlwk wklv irfxv/ vhh h1j1/ Edugkdq dqg Prrnkhumhh
+4<<</ 5333,1
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:Urvhq}zhlj dqgZroslq +4<;9, dovr ghdo zlwk krz uhvrxufhv zlwklq d jlyhq vhfwru ru surjudp
duh doorfdwhg dfurvv orfdolwlhv1 Wkh nh| lvvxh lq Urvhq}zhlj dqg Zroslq +4<;9, lv hydoxdwlrq1
Li wkh doorfdwlrq ri sxeolf uhvrxufhv dfurvv orfdolwlhv +h1j1/ vfkrrov, lv v|vwhpdwlfdoo| uhodwhg wr
idfwruv ghwhuplqlqj wkh rxwfrph/ dqg wkhvh idfwruv duh xqrevhuyhg e| wkh uhvhdufkhuv exw nqrzq
wr wkh orfdo surylghu/ vlpsoh furvv0vhfwlrqdo hvwlpdwhv zloo surgxfh plvohdglqj frqfoxvlrqv derxw
wkh surjudp h�hfwlyhqhvv1 Zh gr qrw ghdo zlwk wkh h�hfw ri wkh judqw rq hgxfdwlrqdo rxwfrphv1

;Wkh hpslulfdo dssurdfk xvhg lq wkh iroorz0xs vwxg| lq 4<<< gl�huhg vrphzkdw iurp wkdw
xvhg lq rxu vwxg|1 Ixuwkhupruh/ wkh vdpsoh ri vfkrrov kdugo| ryhuodsshg/ pdnlqj d vlpsoh
frpsdulvrq ri qxpehuv lpsrvvleoh1
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i@U� hi}�L?c |�L Lh |�hii _�t|h�U|t �ihi h@?_L4*) U�Lti?c |L}i|�ih ��|� |�i U@T�|@*
U�|)c k@4T@*@c |L )�i*_ @ t@4T*i Lu �H _�t|h�U|tc @t �**�t|h@|i_ �? 6�}�hi ����

W? |�i ti*iU|i_ _�t|h�U|tc |�i ?�4Mih Lu tU�LL*t ��t�|i_ h@?}i_ uhL4 �f |L
2f� ��t�i?)� �@_ |�i *@h}it| ?�4Mih Lu Th�4@h) tU�LL*t E�bb �? �bbe�c ���*i
��?_�M�})L �@_ |�i t4@**it| ?�4Mih EDb�� W? |�i _�t|h�U|t ��|� *itt |�@? �ff
}L�ih?4i?| tU�LL*tc |�i i?�4ih@|Lht ��t�|i_ �f h@?_L4*) U�Lti? tU�LL*t� `�ihi
|�i ?�4Mih Lu tU�LL*t �@t Mi|�ii? �ff @?_ 2ffc �D tU�LL*t �ihi h@?_L4*) ti*iU|i_
uLh ��t�|tc @?_ 2f tU�LL*t �? |�i _�t|h�U|t ��|� 4Lhi |�@? 2ff tU�LL*t�

,?�4ih@|Lht �ihi |h@�?i_ @?_ U*Lti*) t�Tih��ti_ M) @ *LU@* hiti@hU� |i@4 @?_
t�h�i) i Tih|t uhL4 |�i L̀h*_ �@?! |L i?t�hi ^�@*�|) @?_ �?�uLh4�|) Lu _@|@
UL**iU|�L? @?_ t|@?_@h_t uLh @ttitt�?} hiULh_�!iiT�?} @| |�i tU�LL*t� 5|@?_@h_�
�3i_ uLh4t �ihi �ti_� W? @__�|�L?c �?|ih��i�iht 4@_i ^�@*�|@|��i LMtih�@|�L?t |L
t�TT*i4i?| |�i ^�@?|�|@|��i _@|@�
�� #i�?�?} U@T|�hi

45D vhsdudwh whdfkhuv* sd|uroo fohdq0xs uhyhdohg wkdw lq 4<<6/ derxw 53 shufhqw ri wkh vdodulhv
zhuh fdswxuhg wkurxjk _jkrvwv% rq wkh sd|uroo +Uhlqlnnd/ 5334,1

46Wkh iroorzlqj 4; glvwulfwv zhuh vhohfwhg= Duxd/ Pr|r +Qruwkzhvw,> Dsdf/ Jxox +Qruwk,>
Vrurwl/ Prurwr/ Ndsfkruzd +Qruwkhdvw,> Mlqmd/ Ndpxol/ Sdoolvd +Hdvw,> Ndpsdod/ Pxnrqr/
Pxehqgh +Fhqwudo,> Exvkhq|l/ Ndedoh +Vrxwkzhvw,> dqg Ndeduroh/ Krlpd/ Exqglexj|r +Zhvw,1

H



��h tU�LL*�tTiU��U 4i@t�hi Lu U@T|�hi �tc

U@T�|@|�L? }h@?|t hiUi��i_

�?|i?_i_ U@T�|@|�L? }h@?|t uhL4 |�i Ui?|ih
E����

��ihi @ *L� �@*�i �?_�U@|it i |i?t��i U@T|�hi�
W? |�iLh)c |�i _i?L4�?@|Lh �? E����c |�i �?|i?_i_ U@T�|@|�L? }h@?|t uhL4 |�i

Ui?|ihc t�L�*_ Mi |�i ThL_�U| Lu |�i ?�4Mih Lu t|�_i?|t �? |�i tU�LL* @?_ |�i
Tih�t|�_i?| U@T�|@|�L? }h@?|� � U*Ltih i @4�?@|�L? Lu hiULh_t @| |�i ��?�t|h) Lu
,_�U@|�L?c �L�i�ihc hi�i@*i_ |�L tL�hUit Lu _�tUhiT@?U) uhL4 |��t uLh4�*@� 6�ht|c
|�i }hL�|� �? i?hL**4i?| @| |�i tU�LL* *i�i* _�gihi_ UL?t�_ih@M*) uhL4 |�i Ui?|h@*
}L�ih?4i?| t|@|�t|�Ut Etii +i�?�!!@c 2ff�c uLh @ _i|@�*i_ _�tU�tt�L?�� 5iUL?_c
uLh |�i i?|�hi t�h�i) Tih�L_ E�bb��bD�c |�i U@T�|@|�L? }h@?| �@t _i|ih4�?i_ L?
|�i M@t�t Lu |�i �bb� i?hL**4i?|� A��tc |�i }hL�|� �? i?hL**4i?| LMtih�i_ @| |�i
tU�LL* *i�i* L�ih |�i Tih�L_ _�_ ?L| hit�*| �? �?Uhi@ti_ R�?|i?_i_ U@T�|@|�L? }h@?|t
uhL4 |�i Ui?|ih� uLh |�i tU�LL*t� 6Lh |�iti hi@tL?tc �i _ih��i |�i _i?L4�?@|Lh �?
E����c �t�?} �bb� i?hL**4i?| _@|@�

6Lh ti�ih@* hi@tL?tc �i Mi*�i�i |�i U@T�|@|�L? }h@?| _@|@ @| |�i tU�LL* *i�i*
|L @_i^�@|i*) hi�iU| ��@| |�i tU�LL*t hiUi��i_� 6�ht|c |�i _@|@ �@t UL**iU|i_
_�hiU|*) uhL4 |�i tU�LL* hiULh_tc ���U� �ihi !iT| uLh |�i tU�LL*t< L�? ?ii_t�
A�i tU�LL* hiULh_t �ihi ?L| t�M4�||i_ |L @?) _�t|h�U| Lh Ui?|h@* @�|�Lh�|�it @?_
_�_ ?L| UL?t�|�|i |�i M@t�t uLh U�hhi?| Lh u�|�hi u�?_�?}� A��tc |�ihi �ihi ?L
LM��L�t �?Ui?|��it |L 4�thiULh_ |�i _@|@� A�i UL?Uih? |�@| �i@_4@t|iht 4�}�|
�@�i �?_ihhiTLh|i_ |�i tU�LL* �?UL4i �? Lh_ih |L i |h@U| hitL�hUit uLh |�i4ti*�it
�@t @**@)i_ @u|ih �?|ih��i�t _�h�?} |�i t�h�i) �Lh!c ���U� _�_ ?L| t�TTLh| |��t
U*@�4� A��t �t ?L| t�hTh�t�?} t�?Ui |�i �A� �@t |)T�U@**) |�i Th�?U�T@* _iU�t�L?�
4@!ih E@?_ hitTL?t�M*i uLh h@�t�?} 4Lt| Lu |�i �?UL4i� @| |�i tU�LL*� 6�h|�ih4Lhic
T@hi?|t ��L UL?|h�M�|i_ |�i 4@�Lh�|) Lu tU�LL* �?UL4i Thit�4@M*) _i4@?_i_
�?@?U�@* �?uLh4@|�L? @?_ @UUL�?|@M�*�|) uhL4 |�i tU�LL* ELh �A���

�** @�@�*@M*i i��_i?Uic �?U*�_�?} L̀h*_ �@?! hiULh_tc @*tL t�}}it|t |�@| |�i
U@T�|@|�L? }h@?|t �ihi u�**) hi*i@ti_ M) |�i Ui?|h@* }L�ih?4i?| L? @ 4L?|�*) M@t�t�
W? |�i N}@?_@? |hi@t�h) t)t|i4c Ui?|h@* 4�?�t|h�it Lh L|�ih @}i?|t Lh �?_���_�@*t
�ihi �?*�!i*) |L Mi @M*i |L U@T|�hi Ui?|h@* hi*i@tit t�?Ui |�i) �ihi t�M�iU| |L
hi*@|��i*) i*@MLh@|i Thi�@�_�| ThLUi_�hit�
#� "�@?|�u)�?} �@T|�hi

#�_ T�M*�U hitL�hUit hi@U� |�i �?|i?_i_ tU�LL*tq A@M*i ��� _iT�U|t �?uLh4@|�L?
L? |�i U@T|�hi �@h�@M*ic |�i t�@hi Lu �?|i?_i_ U@T�|@|�L? }h@?|t hiUi��i_� 5|h�!�
�?}*)c L? @�ih@}ic L?*) �� TihUi?| Lu |�i |L|@* )i@h*) U@T�|@|�L? }h@?| uhL4 |�i

b



Ui?|h@* }L�ih?4i?| hi@U�i_ |�i tU�LL*� ,�}�|)�ti�i? TihUi?| i�|�ih _�t@TTi@hi_
uLh Th��@|i }@�? Lh �@t �ti_ uLh T�hTLtit �?hi*@|i_ |L i_�U@|�L?� � 4@�Lh�|) Lu
tU�LL*t hiUi��i_ ?L|��?}� �@ti_ L? )i@h*) _@|@c .� TihUi?| Lu |�i tU�LL*t hiUi��i_
*itt |�@? D TihUi?|c ���*i L?*) �f TihUi?| Lu |�i tU�LL*t hiUi��i_ 4Lhi |�@? Df
TihUi?| Lu |�i �?|i?_i_ u�?_t�

A�i T�U|�hi *LL!t t*�}�|*) Mi||ih ��i? UL?t|h@�?�?} |�i t@4T*i |L |�i *@t| )i@h
Lu |�i t@4T*i Tih�L_� 5|�**c L?*) 22 TihUi?| Lu |�i |L|@* U@T�|@|�L? }h@?| uhL4 |�i
Ui?|h@* }L�ih?4i?| hi@U�i_ |�i tU�LL*t �? �bbD� A��tc �? �bbDc uLh i�ih) _L**@h
tTi?| L? ?L?�@}i i_�U@|�L? �|i4t M) |�i Ui?|h@* }L�ih?4i?|c hL�}�*) Hf Ui?|t
�ihi U@T|�hi_ M) *LU@* }L�ih?4i?| L�U�@*t E@?_ TL*�|�U�@?t��

B��i? |�i *@h}i _�gihi?Ui Mi|�ii? |�i @4L�?| _�tM�hti_ M) |�i Ui?|h@* }L��
ih?4i?| @?_ |�i @4L�?| hiUi��i_ M) |�i tU�LL*tc @? LM��L�t ^�it|�L? �tc ��@|
�@TTi?i_ |L |�i 4L?i)q W? L|�ih �Lh_tc �t |�i }@T Mi|�ii? Ui?|h@* tTi?_�?}
@?_ tU�LL* �?UL4i hi@**) @ 4i@t�hi Lu *LU@* U@T|�hiq A�ihi @hi ti�ih@* hi@tL?t |L
Mi*�i�i |�@| |��t �t �?_ii_ |�i U@ti� 6�ht|c *�!i 4Lt| T�M*�U ThL}h@4t @| |�@| |�4ic
|�i U@T�|@|�L? }h@?| �@t @ ?@|�L?@* ThL}h@4 �? ���U� *LU@* E_�t|h�U|� L�Uit �ihi
�ti_ @t _�t|h�M�|�L? U�@??i*t� A��t }@�i *LU@* L�U�@*t @?_ TL*�|�U�@?t |�i LTTLh�
|�?�|) |L U@T|�hi |�i u�?_t� �** @�@�*@M*i i��_i?Ui @*tL t�}}it|t |�@| u�?_t �ihi
hi}�*@h*) hi*i@ti_ M) |�i Ui?|ih� 5iUL?_c �?*�!i L|�ih }L�ih?4i?| ThL}h@4tc |�i
U@T�|@|�L? }h@?| �@t @ h@hi *�^��_ 4L?i) �?u�t�L? �?|L @ *LU@* @_4�?�t|h@|��i @?_
TL*�|�U@* t)t|i4c ���U� 4@_i �t i@t�ih |L U@T|�hi |�i u�?_t� �|�ih T�M*�U ThL}h@4t
�ihi Th�4@h�*) �?�!�?_ EuLh �?t|@?Uic �i@*|� U*�?�Ut �ihi ThL��_i_ ��|� _h�} !�|t��
A��h_c ^�@*�|@|��i �?uLh4@|�L? UL**iU|i_ M) |�i i?�4ih@|Lht E+i�?�!!@c 2ff��c @?_
U@ti�t|�_) i��_i?Ui E�U�@!ic i| @*�c �bbb�c @*tL t�}}it| |�@| u�?_t �ihi ?L| hi_��
hiU|i_ |L L|�ih ��}��Th�Lh�|) @hi@t EuhL4 |�i �L�ti�L*_t< TihtTiU|��it�c *�!i �i@*|�
Lh �?uh@t|h�U|�hic |��t hiu�|�?} |�i U*@�4 |�@| |�i LMtih�i_ }@T �@t @ t�4T*) @
�i*u@hi�i?�@?U�?} hi@**LU@|�L? Lu u�?_t |L ��}�ih Th�Lh�|) ?ii_t�

�*|�L�}� |�ihi �t @?iU_L|@* i��_i?Ui |�@| T@h| Lu |�i *i@!@}i �@t �?_ii_ ULh�
h�T|�L? E|�iu|�c i��_i?Ui_ |�@| ti�ih@* _�t|h�U| i_�U@|�L?@* L�Uiht �ihi �?_�U|i_
@u|ih |�i t�h�i) hit�*|t �ihi 4@_i T�M*�Uc |�i @�@�*@M*i �?uLh4@|�L? TL�?|t |L |�i
u@U| |�@| |�i u�?_t �ihi *@h}i*) �ti_ |L �?@?Ui |�i *LU@* TL*�|�U@* 4@U��?ih)� 6Lh
i @4T*ic |�ihi @hi 4@?) @?iU_L|it @ML�| u�?_t Mi�?} �ti_ |L �?Uhi@ti @**L�@?Uit
uLh UL�?U�*Lht @?_ M�hi@�Uh@|tc @?_ |�@| L? |�i _@) u�?_t @U|�@**) @hh��i_ �? |�i
_�t|h�U|c *LU@* TL*�|�U�@?t }L| |L}i|�ih ��|� |�i _�t|h�U| L�U�@*t |L _iU�_i �L� |�i)
t�L�*_ Mi �ti_� B��i? |�i *@U! Lu @?) hiULh_i_ �?uLh4@|�L? @| |�i *LU@* E_�t|h�U|�
*i�i*c �| �@t ?L| TLtt�M*i |L ^�@?|�u) |�iti 4iU�@?�t4t�

�f



�t �**�t|h@|i_ �? A@M*i ���c |�ihi �t �@h�@|�L? �? U@T|�hi @UhLtt hi}�L?tc @*|�L�}�
|�i M�*! Lu |�i �@h�@|�L? �t ��|��? hi}�L?t� A�i t|@?_@h_ _i��@|�L? Lu U@T|�hi E|�i
t�@hi Lu �?|i?_i_ U@T�|@|�L? }h@?|t hiUi��i_� @UhLtt hi}�L?t �t hL�}�*) L?i�|��h_
Lu |�i @�ih@}i t|@?_@h_ _i��@|�L? ��|��? hi}�L?t��eW? |�i ?i | |�L tiU|�L?tc �i
@||i4T| |L @UUL�?| uLh |��t �@h�@|�L? ��|��? E@?_ @UhLtt� hi}�L?t�

e� � M@h}@�?�?} 4L_i* Lu *LU@* U@T|�hi

�i*L� �i ti| L�| @ t�4T*i M@h}@�?�?} 4L_i* |L }��_i |�i i4T�h�U@* tTiU��U@|�L?�
A�i LM�iU|��i �t |L t�L� |�@| tLU�L�TL*�|�U@* ui@|�hit Lu |�i tU�LL* ET@hi?|t @?_
|i@U�iht� �@�i �4T*�U@|�L?t uLh |�i i^��*�Mh��4 @4L�?| Lu *i@!@}i� A�i 4L_i*
@tt�4it |�@| |�i i |i?| |L ���U� T�M*�U u�?_t hi@U� |�i Th�4@h) tU�LL*t _iTi?_t
L? |�i M@h}@�?�?} t|hi?}|� Lu |�i tU�LL* ��t�
@���t |�i _�t|h�U| M�hi@�Uh@U)�
�� �@t�Ut

�L?t�_ih @ tU�LL* �c � 5 Uc ��|� ?� t|�_i?|t� 6Lh t�4T*�U�|)c �i @tt�4i i@U�
t|�_i?| EU��*_� |L Mi*L?} |L @ tiT@h@|i �L�ti�L*_c �� ,@U� E�_i?|�U@*� �L�ti�L*_
�?i*@t|�U@**) t�TT*�it L?i �?�| Lu *@MLh @?_ i@h?t �?UL4i +�� W?UL4i �t �ti_ |L
�?@?Ui @ Th��@|i UL?t�4T|�L? }LL_ S�c @?_ i_�U@|�L?@* tih��Uitc e��

� �L�ti�L*_ � ��|� @ U��*_ �? tU�LL* � �@t Thiuihi?Uitc L�� ' �ES���ne��c ��ihi
e�� �t |�i E^�@?|�|) @?_ ^�@*�|) Lu� i_�U@|�L?@* tih��Uit ThL��_i_ |L @ t|�_i?| �
�? tU�LL* �c @?_ �E�� �t @ t|@?_@h_ �|�*�|) u�?U|�L? ��|� �� : fc ��� 	 f�
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48E| dvvxplqj wkdw wkh SWD lv wkh h�hfwlyh ghflvlrqpdnhu dqg fdq hqirufh lwv ghflvlrqv
+vhfwlrq 5 surylghv prwlydwlrqv iru wklv dvvxpswlrq,/ zh dvvxph dzd| iuhh0ulglqj sureohpv1
Jlyhq wkdw prvw vfkrrov duh idluo| odujh +d phgldq vfkrro kdv 75< vwxghqwv,/ zh eholhyh wkdw
zkloh iuhh0ulglqj pd| eh d sureohp lq uhdolw|/ lw zloo qrw eh dq lpsruwdqw yduldeoh lq h{sodlqlqj
gl�huhqfhv lq fdswxuh dfurvv vfkrrov1 Wkh uhdvrq lv wkdw wkh dgglwlrqdo iuhh0ulglqj sureohp
fdxvhg e| lqfuhdvlqj wkh vfkrro vl}h iurp vd| 633 wr 733 +ru 833, vwxghqwv lv qrw olnho| wr eh
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vfkrrov1 Lq wkh hpslulfdo zrun/ zh frqwuro iru vfkrro vl}h1

49Lq uhdolw|/ sduhqwv pd| dovr xvh wkhlu h{lw rswlrq> l1h1/ pryh wkhlu fkloguhq wr dqrwkhu
vfkrro2glvwulfw1 Vhh wkh glvfxvvlrq lq vhfwlrq 9151
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4:Vwxglhv rq wkh uroh ri vrfldo qhwzrunv lq ryhufrplqj frruglqdwlrq sureohpv dqg uhgxflqj
wudqvdfwlrq frvwv lq ghyhorslqj frxqwulhv lqfoxgh Qdud|dq dqg Sulwfkhww +4<<<, dqgZdgh +4<;;,1
Wr wkh h{whqw wkdw hwkqlf wlhv sur{| iru vrfldo qhwzrunv/ Pljxho +5333, dujxhv wkdw hwkqlfdoo|
glyhuvh frppxqlwlhv duh ohvv deoh wr hqvxuh hqrxjk vrfldo suhvvxuh iru vxvwdlqlqj sulpdu| vfkrro
frqwulexwlrqv lq uxudo zhvwhuq Nhq|d1 Lq uhodwhg zrun/ Jxjhuw| dqg Pljxho +5333, vkrz wkdw
kljkhu hwkqlf glyhuvlw| lv dvvrfldwhg zlwk orzhu frppxqlw| sduwlflsdwlrq lq vfkrro phhwlqjv1
Dqhfgrwdo hylghqfh vxjjhvwv wkdw vlplodu phfkdqlvpv dsso| wr prvw sduwv ri Xjdqgd1
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Table 2.1.  School income data, 1991–95
(1991 prices in millions of U Sh)

1991 1992 1993 1994 1995
Government 539.8 437.1 606.9 1,017.7 1,202.9
  Teacher salaries 213.9 214.7 381.3 748.6 914.6
  Capitation grants* 252.1 159.9 152.0 150.4 141.2
  Rehabilitation and

other
73.8 62.5 73.6 118.7 147.1

Parents (PTA) 772.3 840.5 1,087.8 1,371.8 1,649.9
  PTA levies 591.1 609.6 775.2 934.9 1,032.7
  Teacher salaries 125.8 134.1 196.0 300.7 475.9
  Tuition fees 55.4 96.8 116.6 136.2 141.3
Total 1,312.1 1,277.61 1,694.7 2,389.5 2,852.8

(percent)
Government 100 100 100 100 100
  Teacher salaries 40 49 63 74 76
  Capitation grants* 47 37 25 15 12
  Rehabilitation and

other
13 14 12 11 12

Parents (PTA) 100 100 100 100 100
  PTA levies 77 73 71 68 63
  Teacher salaries 16 16 18 22 29
  Tuition fees 7 11 11 10 8

Total 100 100 100 100 100
  Government 41 34 36 43 42
  Parents (PTA) 59 66 64 57 58
*Capitation grants based on what schools should have received; tuition fees are those
actually collected from parents; other items are actual receipts by the schools.



Table 3.1. Share of intended capitation grant received
(in percent)

Mean Median St. dev. Maximum Minimum Observations
All schools
1991–95 12.6 0 26.7 115.9 0 944
1995 21.9 0 33.7 108.9 0 208
Regions
North 11.5 0 22.8 104.4 0 136
West 11.8 0 25.4 109.8 0 143
Southwest 8.1 0 23.7 101.6 0 131
Northwest 7.6 0 22.8 105.9 0 101
East 11.4 0 25.6 107.2 0 137
Northeast 17.5 0 27.2 108.9 0 146
Central 18.3 0 34.3 115.9 0 150
Region-year

average
11.8 0 9.2 36.8 0 35

Table 7.1a. Descriptive statistics
Variable Mean Med. St. dev. Max. Min. Obs.

Students 492 429 350 3,828 35 942

Student-teacher ratio 32.0 31.2 12.3 110 6 942

Percent qualified teachers 68.4 76.9 29.9 100 0 938

PTA income per student
[real 1990 US$]

10.1 1.6 36.4 550.7 0 942

Table 7.1b. Correlation matrix
Variable School size PTA income per

student
Share of qualified

teachers

School size 1

PTA income per student 0.26 1

Share of qualified
teachers

0.40 0.08 1



Table 7.2. Explaining leakage across schools

Equation (1) (2) (3) (4) (5)
Time 1991-95 1991-95 1991-95 1991-95 1991-95
Method OLS FE-LS FE-LS FE-LS FE-LS

PTA income per student 0.133 0.421 0.336
(.107) (.096) (.092)
[.216] [.000] [.000]

School size –0.332 0.828 0.827
(.114) (344) (.324)
[.005] [.018] [.012]

Share of qualified teachers 0.093 0.449 0.397
(.054) (.118) (.124)
[.088] [.000] [.002]

Wald 8.87
[.000]

F 3.59 3.49 3.54 3.68
[.000] [.000] [.000] [.000]

H 12.35 21.72 16.74 43.65
[.000] [.000] [.000] [.000]

No. schools 239 239 239 239 239
No. obs. 938 942 942 938 938
Adj. R2 .02 .39 .39 .39 .42
a. The dependent variable is the share of intended capitation grant received.
b. Estimation by OLS (column 1) and fixed-effects least squares (cols. 2-5), with district and year

clustered errors.
c. Standard errors in parenthesis and p-values in brackets.
d. All variables in logarithms.
e. Wald is the test statistic for the null hypothesis that the coefficients on PTA income per student, school

size, and share of unqualified teachers are zero, with p-values reported in brackets.
f. F is the F-ratio for the null hypothesis that all fixed effects are equal, with p-values reported in

brackets.
g. H is the Hausman (1978) test statistic for the null hypothesis that the fixed effects are uncorrelated

with the explanatory variables (z), with p-values reported in brackets.



Table 7.3. Explaining leakage across schools: Limited dependent variable estimation

Equation (1) (2) (3) (4) (5)
Time 1991–95 1991–95 1991–95 1995–95 1995–95
Method MLE MLE MLE MLE MLE
PTA income per student 3.061 2.756 0.932

(.423) (.423) (.356)
[.000] [.000] [.009]

School size 3.421 3.043 2.754
(.780) (.713) (.607)
[.000] [.000] [.000]

Share of qualified teachers 3.387 2.559 0.559
(.550) (.511) (.361)
[.000] [.000] [.122]

σ 2.515 2.648 2.551 2.343 1.840
Proportion y > 0 0.26 0.26 0.25 0.25 0.25
LR 120.8 41.23

[.000] [.000]
Time effects No No No No Yes
No. schools 239 239 239 239 239
No. obs. 942 942 938 938 938
a. The dependent variable is the share of intended capitation grant received.
b. Estimation by maximum likelihood, with standard errors in parenthesis and p-values in brackets.
c. LR is the likelihood ratio test statistic for the null hypothesis that the coefficients on PTA income per

student, school size, and share of unqualified teachers are zero, with p-values reported in brackets.



Table 7.4a. First-stage regressions
Equation (1) (2) (3) (4)
Time 1991–95 1991–95 1991–95 1991–95
Dep. Variable PTA income

per student
School size PTA income

per student
School size

Method FE-LS FE-LS FE-LS FE-LS
Mean consumption (district) 1.889 –0.355 1.753 –0.345

(.632) (.262) (.622) (.263)
[.003] [.176] [.005] [.191]

Population (district) 2.6E-5 2.1E-6 -4.4E-6 1.9E-6
(1.4E-6) (5.7E-7) (2.0E-6) (8.4E-7)
[.053] [.000] [.025] [.023]

Time effects No No Yes Yes

No. schools 239 239 239 239
No. obs. 942 942 942 942
Adj. R2 0.82 0.90 0.83 0.90

a. Estimation by fixed-effects least squares, with standard errors in parenthesis and p-values in brackets.



Table 7.4b. Reduced form regressions

Equation (1) (2) (3)
Time 1991–95 1991–95 1991–95
Method MLE MLE MLE
Mean consumption (district) 25.70 0.751

(2.75) (4.77)
[.000] [.875]

PTA income per student 1.329
(.376)
[.000]

Population (district) 5.8E-5 6.4E-5
(6.0E-6) (1.1E-5)
[.000] [.000]

School size 2.680
(.663)
[.000]

Share of qualified teachers 1.544 .981 1.074
(.406) (.387) (.389)
[.000] [.011] [.006]

σ 2.164 2.067 2.103
Proportion y > 0 0.26 0.26 0.26
LR 170.2 201.3 188.4

[.000] [.000] [.000]
No. schools 239 239 239
No. obs. 938 938 938

a. The dependent variable is the share of intended capitation grant received.
b. Estimation by maximum likelihood, with standard errors in parenthesis and p-values in

brackets.
c. LR is the likelihood ratio test statistic for the null hypothesis that the coefficients on

mean consumption (PTA income per student), population (school size), and share of
unqualified teachers are zero, with p-values reported in brackets.



Table 7.5. Explaining leakage across schools: Instrument techniques
Equation (1) (2)
Time 1991–95 1991–95
Method Conditional MLE Conditional MLE
PTA income per student 5.320 2.055

(1.432) (1.239)
[.000] [.098]

School size 24.76 10.15
(6.213) (4.586)
[.000] [.027]

Share of qualified teachers 0.971 0.577
(.373) (.351)
[.009] [.101]

σ 2.027 1.839
Proportion y > 0 0.25 0.25
LR 207.2 35.71

[.000] [.000]
Time effects No Yes
No. schools 239 239
No. obs. 938 938
a. The dependent variable is the share of intended capitation grant received.
b. Estimation by conditional maximum likelihood (Smith and Blundell [1986]), with standard errors in

parenthesis and p-values in brackets.
c. LR is the likelihood ratio test statistic for the null hypothesis that the coefficients on PTA income per

student, school size, and share of unqualified teachers are zero, with p-values reported in brackets.



Table 7.6. Explaining leakage across schools: Additional robustness tests
Equation (1) (2)
Time 1991–95 1991–95
Method MLE MLE
PTA income per student 2.351 0.989

(.425) (.360)
[.000] [.006]

School size 3.186 2.754
(.704) (.610)
[.000] [.000]

Share of qualified teachers 2.386 0.575
(.507) (.365)
[.000] [.116]

Tuition fee per student 1.676
(.412)
[.000]

Mean consumption (district) –6.916
(6.318)
[.274]

Population (district) 1.6E-5
(1.4E-5)
[.272]

LR1 99.42 41.38
[.000] [.000]

LR2 1.45
[.484]

Time effects No Yes
No. schools 239 239
No. obs. 938 938
a. The dependent variable is the share of intended capitation grant received.
b. Estimation by maximum likelihood, with standard errors in parenthesis and p-values in brackets.
c. LR1 is the likelihood ratio test statistic for the null hypothesis that the coefficients on PTA income per

student, school size, and share of unqualified teachers are zero, with p-values reported in brackets.
d. LR2 is the likelihood ratio test statistic for the null hypothesis that the coefficients on mean

consumption and population are zero, with p-values reported in brackets.



Appendix Figure 1.


