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1. Introduction

Economic theory frequently suggests connections between individual units of obser-
vation. Connectivity and the resulting spillover effects between units lie at the heart
of pressing research questions in microeconomics (Ambrus et al., 2014; Chyn and
Katz, 2021; Ioannides and Datcher Loury, 2004; Weidmann and Deming, 2021) and
macroeconomics (Acemoglu et al., 2016; Crespo Cuaresma et al., 2019; Gofman, 2017;
Rose, 2004). Good answers to these questions and deeper insights can be important
for education policy (Board and Meyer-ter Vehn, 2021; Lin, 2010; Mele, 2020), labor
market outcomes (Beaman, 2012; Hensvik and Skans, 2016; Munshi, 2003), supply
chain management (Acemoglu et al., 2012; Atalay et al., 2014, 2011; Kranton and
Minehart, 2001), innovation (Bloom et al., 2013; Ductor et al., 2014; Konig et al., 2019;
Newman, 2001). However, empirical studies of spillover effects abstract from the nature
of connections and modelling approaches are limited. Current econometric methods for
analyzing spillover effects generally rely on holding the structure of connectivity fixed,
thus obscuring uncertainties and potentially distorting results.

This paper introduces an integrated model to jointly analyze both the structure and
consequences of connectivity between units. I propose a Bayesian hierarchical approach
to comprehensively address both issues. Suitable shrinkage priors allow for more
nuanced assumptions; prior information is flexibly imposed where available and needed,
while important aspects of the model are freed up and learned from the data. The
resulting model facilitates the explicit treatment of connectivity structures and spillovers
in a layered framework. As I demonstrate with an application to deforestation spillovers
from croplands in the Brazilian Amazon, this model avoids bias from misspecified
connectivities, better reflecting reality and the surrounding uncertainties.

The main contribution of this paper is a framework for jointly estimating spillover/peer
effects and connectivity structures, i.e., spatial weight or adjacency matrices. A number
of earlier studies pursue similar goals in the spatial econometric (Debarsy and LeSage,
2020; Lam and Souza, 2020; Qu and Lee, 2015; Zhang and Yu, 2018) and the network
econometric (Goldsmith-Pinkham and Imbens, 2013; Hsieh and Lee, 2016; Johnsson
and Moon, 2021) literature. These studies generally adopt model averaging approaches,
and are limited to few discrete candidates for the connectivity structure. The hierarchical
setup that I propose in this paper eliminates this constraint. It provides a flexible and
nuanced way of modelling and estimating more general forms of connectivity, conveying
a more comprehensive picture of spillover effects. For this approach to work in practice,
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there are three main obstacles to overcome.

The first challenge lies in the forms of the connectivity structure themselves. Here, I
provide a unified framework for common forms of connectivity used in both the spatial
and network econometric literatures. I characterize connectivity as a weighted digraph,
and develop a functional approximation that nests many common connectivity structures.
This approximation places individual units in a metric space, augmented with a notion
of potential, and highlights the strong simplifying assumptions made in the literature.
Lastly, I derive conclusive bounds for the autoregressive parameter of overall connectivity
strength, ensuring non-singularity and stationarity of the model. This allows for more
flexible models that don’t impose a row-stochastic form a priori, and, as I demonstrate,
avoid bias from this potential misspecification of connectivity.

The second challenge is related to the curse of dimensionality. I address these using
suitable prior distributions that can induce regularization. With few exceptions (e.g. Lam
and Souza, 2020), the notion of regularization is arguably neglected in the literature,
and Uniform priors are most commonly used (e.g. Debarsy and LeSage, 2020). I show
how established priors are limited in their flexibility, impose strong information in unsus-
pected dimensions, and often cannot accommodate the nuanced prior information that
is available. I introduce priors that can reflect this prior information, e.g., location-based
priors for the structural parameters in the connectivity function. For the autoregressive
parameter of overall connectivity strength, I propose a Beta-Gamma mixture prior that
can accommodate flexible shapes and provides sensible regularization without distorting
estimates. These priors facilitate the efficient estimation of connectivity parameters that
have previously been fixed.

The third challenge is of a technical nature and concerns estimation of the model,
and the computations involved. Posterior inference relies on Markov chain Monte Carlo
(MCMC) sampling or variational methods, and the interdependence that results from
connectivity can make even simple models computationally prohibitive. Models with an
autoregressive term, in particular, rely on the evaluation of a costly Jacobian determi-
nant. In this paper, I focus on full posterior inference, and develop efficient sampling
schemes for the hierarchical and structural parameters, which facilitate the straight-
forward estimation of extensible models. For such models, the Jacobian determinant
features at least one additional dimension, making established procedures obsolete. In
order to still allow for rapid and accurate estimation, I develop an adaptive Gaussian
process approximation. These optimizations allow for full Bayesian inference in spatial
econometric models that can be extended with little overhead.
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*BQQMZ UIJT NPEFMMJOH BQQSPBDI CZ SFWJTJUJOH UIF JNQ
UJPO JO .BUP (SPTTP #SBTIMOGPNFM BXIBWP (SPTTP MJFT BU U
JOUFSTFDUJPO PG UIF"NB[PO SBJOGPSFTU UIF $FSSBEP TBWB(
BOEJTBIJTUPSIJDBM EFGPSFTUBUJPO IPUTQPU BOEDEFEPEFSO E
FUBM 5/F EZOBNJDT PG EFGPSFTUBUJPO JO UIJT SFHJPO B
EVF UP UIF QSFTFODF PG UIFTF CJPNFT %JRFSBDSFEFGPISN UB
JOEVDF MFBLBHF XIFSFEFGPSFTUBUJPO JO UIF "NBIRO JT EJ
MPSJB FUBMOE TQJMMPWES FRFDUT XIFSF GPS JOTUBODF
DSPQMBOET BOE EJTQMBDFE JOUPVGMSNFISMZ 6 RPSFDUJTE BSF
TFUUJOH DPOOFDUJWJUZ CFUXFFO PCTFSWBUJPOT QMBZT B
UIFPSFUJDBM JOGPSNBUJPO IFMQ JOGPSN JUT TUSVDUVSFT
VODFSUBJOUZ SFNBJOT BOE UIF QSPQPTFE IJFSBSDIJDBM BC
SPCVTUJOTJHIUT

5/F SFNBJOEFS PG UIJT QBQFSJT TUSVDUVSFE BT GPMMPXT
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*OUIJT TFDUJPO * J JOUSPEVDF UIF GSBNFXPSL JJ EFTD.
BQQSPBDI GPS UIFTUSVDUVSFPGDPOOFDUJWJUZ JJJ BOE EF
NBMJ[BUJPO PG UIFDPOOFDUJWJUZ UIBUBMMPX GPS UIFJEFOU
TUSFOHUI
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BOEBWFEDUSEP[(BUP:sJ'T‘B\lD:’IUBM\H\GZS'F XBOU UP MFBSO BCPVU
SFMBUJPOTIJQ CFUXFFO UIF SFTQPOTFBOE UIF DIBSBDUFSJT
UIBUBHFOUTBSF OPUJOEFQFOEFOU PG FBDI @BUPSUIFZ BSF
8F DBO GPSNBMJ[F UIJT OHBBREL\VTAOXIEPSE&EJT B TFU PG

DPOOFDUJPOT PSFEHFT CFUXFFOBHFOUT 4QFDJSDBMMZ X
XFIJHIUFE ESHBEBRFBOT UIB UBEHHROSFERFPOF BHFOU UP BOPUIF

&YBNQMFT JODMVEF UIF #SB[JMJBO 'PSFTU $PEF XIJDI SFRVJSFT JOUFS
QFSDFOUBHF PG OBUVSBM WFHFUBUJRBGSHBUUEBRFRESB B YPH BREIPNFT
.PSBUPSJVN XIJDICBOTTPZGSPNQSFWJPVTMZ EFGPSFTUFEBSFBT JO U
PG QBSUJDIQBOROIBM BOE EJRFSFOU MBOE YWBOSYBERFH BNFT
'PSTINQMJIDJUZ XF XIJMM HRGFBEBMMZ BTTVNF UIBU
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JT DPOOFDUJPOT OFFE OPU CF SFDJQSPDBM .PSHPWFS UIF I
GVODUJPOUIBUNFBTVSFTUIFTUSFOHUI PG BMMQPTTJCMF DI
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X1JDI TBUOTSFAIT NFBOJOH UIBU UIFSF BSFORPTAMGPE BMM BC
A Ay XIFSFFRVBMJUZ IPMETJG BARBAPOHMZ JG UIF FEHF

8F DBO SFQSFTFOU XJBIHBBQIBEKBDFODZ NBWISJY
FOUSJFT DPSSFTQPOE UP UIF XFJHIY.GO® GD B
DPOTFRWARLOUMRZSABMM "O BHRMBI UOH JH IAIRBS,

UP XPSL XOBSBBMEKEDFODZ NBUSJY 'PS UIJT QVSQF XFJO
UIF NBUSXYJDIJT OPSNBMJ[FE TVDIUIBUJUT TQFDUSBM SBEJ\
*OUIJT GSBNFXPSL XFBSFJOUFSFTUFE JO MFBSOJOH BCPV!
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%FQBSUJOH GSPN BOZ FDPOPNJTUET GBWPSJUF MJOEFBS
BEEJUJPOBMMZ EFQFOE PO UIF OFUXPSLJO UFSNT PG UIF SFTQ
UIFJS OFJHICPST "OFYUFOTJPOUIBUBMMPXTVTUPBDDPVOL
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XIFSF XFJOUGPEXPEPGIBHH SFTQPOTFT BOE DIBSBDUFSJTUJ
BWFSBHFT PG UIFOFJHICPSTE® WBMVFT PO UIF SJHIU IBOE TJ

SIJTTQFDJSDBUJPOSFTENCMFTUIFTUBOEBSENPEFMTJOUIF
MIJUFSBBUEMBQUVSFT OFUXPSL FRFDUTJOB QBSTIJNPOJPVT NE
UFSNJT PG QBSUJDVMBS OP OF UBXKIPSW BUWFGFDIPNFFRIPBE) QBS F
XIFO FY QS RERMBEWHEBTO
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4QFDJSDBMMZ JUMFIFBIE VM6 ONBFBA®PB UJB MNP\EFGAJIO 5SIFTF NPEFMT HFOFS
OPSNBMUIF GFPX TUPDNBFBWIIOH UIBU UIF OFUXPSL MBHT ZJFME UIF VO.
PG DPOOFDUFE BHFOUT *O UIFTF MJUFSBUVSFT UIF OFUXPSL JUTFMC
DBOEJEBUFT



4/SJOLBHF JO 4QBDF

XIFS®JT B MBUFOU WBSIWBEMFEDBOEF VOEFSTUPPE BT B MJOL G
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'PS B DPNQSFIFOTIJWF USFBUNFOU PEGRYBNPEEMBOQSHTTEFE
NPEFM UIF OPSNBMJ[FE BEKBDFODZ NBUBU Y BWETUS B TG-FWX B ¢
TUSBIJHIUGPSXBSE BQQSPBDI XPVME CF UP DPOTJEFS TJIOHM
FOUSJFT PG UIF BEKBDFODZ NBUSOYOPRPOCFIMFISSBET UIJT BQ(
TVRFST GSPNUIFDVSTF PG EJNFOTIJPOBMJUZ JO NPTU TFUUJOF
DBOCFMFBSOFE GSPNUIFEBUB VOMFTT UIF OFUXPSLJT TUBU
UIFBHFOUT SFQFBUFEMZ 8F DBO BEESFTT UIJTJTTVF CZ EJSF
VOLOPXO DPOOFDUJPOT PSCZJIJNQPTJOHTUSVDUVSF PO UIF I
"TTVNF UIBU XFDBO MPDBUF PVS BHFOUA BOFF®PNF NFUSJD TQB
OBUVSBM XBZ UP UIJOL PG DPOOFDUJWJUZaEFwUd:SNT UIF E
UIF MBUFOU DPPSEAQBRGEKPGBHVMB/IBBEHMGPS J B
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£
SIJTTFUVQ NBZCFBOBQQFBMJOHBQQSPYJNBUJPO GPS TPN

TVRFSTGSPN UXP NBKPS ESBRKCBPEOPEDB IMBNIQPE ZWNFU B G
4UBOEBSE EJTUBODFT BSFTZNNFUSJD BOE EPOEU UFOE UP
UIFJSVUIMIJUZ GPS NPEFMMJOH TQBSTF EJSFDUFE OFUXPSL
XJUI TMJHIU BEBQUBUJPOT

*OUIFSSTUTUFQ XFJOUSPEVDFB QBSBNFUFS UIBUDPOUSPN
A
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51JT TFUVQ BMMPXT VT UP BDDPVOU GPS BTZNNFUSJFT BOE
TJSDBUJPO PG DPOOFDUJPOT "OBHFOU XJUITUSPOH BOE G|
PO PUIFSTNBZ JOBEEJUJPOUPBDFOUSBM MPDBUJPO FYQFS
DBQUVSFECZ TNBMMFS QBSBNFUFSMBEOMKVFMFTMNPTBTBHFOUT |
POMZ IBWF MPDBMJOTVFODF PO PUIFST BT FYQSFTTFE CZ B 1.
-BSHFS QBSBNFUFS WBMVBFTUSBUBTTQIJMMPWFEFST UP CF MPL
FRFDUIJWFMZ BMMPX GPS TQBSTJSDBUJPO 'PSJOTUBODF XF I
cCBMM BSPVOEBHFOUT CZJODMVEJOH B NJOJNVN UISFTIPME G
*OUIFTFDPOETUFQ XFBEESFTTUIFOVNCFS PG DPOOFDUJP
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AN *MMVTUSBUJPO PGB UISFF BHFOU OFUXPSL GSPN UISFF BOH
TOBDF XJUI UIF DPPSEQDBUFJIS DPOOFDUJIJWJIUZ JT NPEJBUFE CZ UIF

TUZMFERDGEBSFTU OFJHICPSTGEFMHB SURDN P SFRG EATRIGER.DFT GSP
CFBTIPSU IBOEGPS UIF EJRAUR GDFFOGSPRNYBHFREUUIF NPEFM VTJ
JOEJDBUPS GBODUJPO
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XIFSF UIF GVORZIFMETRKEIA MPXFTU EJAUBIGDFBGEBBIFUF S
DPOUSPMT UIF OVNCFS PG DPOOFDUJPOT PG BOBHFOU BOE DE
GPMMPXFS DPVOU

.PEFMT PGBU GPMMPX UIJT QBUUFSO DBOCF FYQSFTTFE BT
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BOEDBO TFSWF BT TFYJCMF BQQSPYJNBUJPOT 5IF DFOUSB
JOBNFUSIJD TQBDF UIFDPOTUSBJOUT PG UIJT SFQSFTFOUB!
UIF NFBTVQPODOVGE BBIOE S5IF FRFDUT PG UIJT QPQVMBSJUZ PS
JMMVTUSBUFEFIOSUIFS TFYJCIMIJUZ DBO CF HBJOFE CZ DPOT
OPUJPOTPG NFUSJD TQBDFT UIBU TVJUUIFIZQPUIFTJ[FE VOE
IFUXPSLTDPOTUS&RNMBEEHE®FSBMJI[FBOVNCFSPGDPNNPOMZYV
TQFDJSDBUJPOT XIJDI DBO CF PCUBJOVELCOPIOTQBEBONFORX
"TUBOEBSE FYBNQMF JO B TQBUJBM TFUUJOH XPVME GPS JC
CFUXFFO QIZzTJDBM MPDBUJPOT BOE B EJTUBODF EFDBZ TQF
TFUUJOH DPPSEJOBUFT NBZ SFGFS UP IPNPQIJMJD DIBSBDUF
BOJOUSJOTJD NFUSJD PO UIFJS EJIWFSHFODF 5IFJNQMJFE NI
AOFBSFTUTQFDJSDBUJPO BOEDPVME CFBVHNFOUFE XJUI QF

8F DBO JOUFSQSFUBAVBSHSBRKEBMJI[FE NFUSJD TQBDF PO UIF TFU PG BHFO
UIBUJT JOEVDFE CZ UIF TNBMMFTU XFJHIU PG BOL BISFOLIFEBIA FIY XDUWT
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UIF TUSVDUVSFT PG GBNJMJBS TPDJBM OFUXPSLT
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SPJEFOUJGZ UIF TUSFOHUI PG OFUXPSBIOHRXFPOKFFBTPBXPWLY S
NBMJ[F UIF BEKBDFODZ NBUSJY JO TPNF XBZ *O BEEJUJPO X
em A 55 g UPCFJOWFSUJCMF BOE TUBUJPOBSZ "T * XJMM
UJPO XJUIUIF JOWFSTF TQFDUSBM SBEW'T PBEEEFBERB NFEODHZ
DPODFSOT

5IFPSFN-FUWEFOPUF UIF JEFOUJUZFNB 55BNV TBIEM B8 Su J5T F O
OPO TJOGRMBS ;o Neg XIFSKF;PBOEsBSFUIFNJOIJNVNBOENBYJN
SFBM FJHFQWBMVFT PG

1SPBGIT TUBUFNFOUMIT,8SGP S@BKNINDI XF XJMM TIPX EJSFDUM
5 UIJT JT USJWJIBMMZ UIF DBTF XF Q¥ FE /@R JDFXUIBUGP ¢
USBDF u X1JDI DPNCJOFRKXJINQMJIFTUJBWBOE,;, *0
PSEFSUP TIPX PVS SFTVMU XFIBWF UXP SFRVJSFNFOUT 'PS (
UP TIPX UIBY BOE GPS OFHBUJWF PFOBTRUSBUVMU GPMMPXT (
LOPXJOH JJBU &y O

/PO TIOHVMBSJUZFOTVSFTUIFFYJTUFODFPGUIFSMUFS BOE
IFYU XFBSFDPODFSOFE XJWRDBO HBB $SBORNFFUIZUBUIJPOBSJUZ
JGJUT /FVNBOO TFSJFTJT DPOWFSHFOU PS FRVIWEMFDUM Z
UulBo voJuZz 5IF 1FSSPO 'SPCFOJVT UIFPSFN HIWFT VT UIF GP|

$PSPMMBSZTQFDUSBMWSBEITIMEAG T UIBO VG UZC P

1SPBEIT TUBUFNFOU T USMEFXEDI XF XIMM TIPX BEIJSFDUMZ
JSSFEVDIJCMF PS FRYVJWBWVMPEBWMMADBGOFDUFE UIF SFTVMU GP
UIF1FSSPO 'SPCFOJVT UIFPSFEFN OUIFSXJTF UIF SFITVMU GP!
FJUIFS UIFOVMM NBUSJY PSJT VQUPBOJTPNPSQIJTN DPN
TVCNBUSJDFT [l

"TDBOCFTFFO DPODMVBBWHEEBVORIGHESCZ UIF TQFDUSBM
X1IJDI DPJODJEFT XJUI'JUT NBYJNVN SFBM FIHFOWBMVF 5I1JT

*OUIFOFUXPSLDPOUFYU TUBUJPOBSJUZDBO CFVOEFSTUPPE BT UIF OF
TIPVME CF EFDSFBTJOH XJUI UIF PSEFS PG OFJHICPST J F VOJUT BS
OFJHICPSTUIBO UP UIFJS OFJHICPSTE OFJHICPST
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MJUFSBUVSF XIFSFUIFTYBOEBSH BHRRBIRBUFE CZUIF TUBOEBE
PG SPX TUPDIBTUJD ORSNBNJEFBTRBIVPEO WGINF UIF TQRDUSBM SE
FNFSHFT BT BOBUUSBDUJWF TUSVDUVSF QSFTFSWJOH BMUF

ubouv -m7 :vzIl-Zzom

&RFDUJWF FTUJNBUJPO PG NPREVFEBMUIIBPOR N ¥V BSPIFNOBPIEFE CZ

BEFHSFF PG SFHVMBSJ[BUJPO *O UIF #BZFTJBO GSBNFXPS|
QSJPST XIJDI QSPWJEFB TVJUBCMF GSBNFXPSL GPS JOUSPEVI
*QSFTFOU TVJUBCMF QSJPST GPS VOLOPXO QBSBNFUFST JO Ul
*EJTDVTTUIFJS FTUIJNBUJPO VTJOH .BSLPW DIBJO .POUF $BSN\
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*OUIF XJEFS FDPOPNFUSJD MJUFSBUVSF UIFTPW F BN [MHBO C
SBNFUFSDPOTJEFSFEUPCFVOLOPXO BOEQMBZTBDFOUSBM S
8JUIBTUBOEBSEJ[FEDPOOFDUJWAUZ NBBRSBY UBFHTEBRNBA®FS
BOETUBUJPOBSZ OFUXPSL SMUFS #BZFTJBO BQQSPBDIFT HI
60JGPSN QSJPS BVTFGVM HFOFSBMIBUBMB® ESSHYFPBPQPTF
UIF #FUB QSJPS

E ~-#F

XIFSFO BOE XF VTF TDBMFE UP MJWIPB8OJIJNQMJIDJIUZ )F
#F Y2 BFOPUFT UIF EFOTJUZ PG B #FUB BEBIQWBJICVUJIPO XJUI TIB

d‘aIT fOéIT
#F O " % %
#FUB ¥% 3%

'PS UIF QSJPSJT VOJGPSN PWFS BMM WBMVFT 8JUIUIJT .
UFSDBO CF VOEFSTUPPE BT FYDFTT TVQQPSU GPS UIF PSJHJ(

'PS MBSHF DPOOFDUJWJUZ NBUSJDFT UIF QSPTQFDU PG DPNQVUJOH JU
FTQFDJBMMZ XIFO UIBUNBUSJY JT NVUBCMF 8IJMF EJSFDU NFUIPET G|
DPNQVUBUJPOBMMZ QSPIJCJUQ@WA BLFBBDPNOMNNUUZEAGTVDI BT UIF -BOD]
PS"SOPMEJJUFSBUJPO DBO QSPWJEF B SFNFEZ 5IFTE NFUIPET BMMP.
MBSHETU FIJIHFOWBMVF DPOWFSHF UP BO FY B D®& {8 FBIOVEV Q BBSUB HIFIOEB S B |
CFOFSU GSPN TQBSTJUZ XI1JDIJT B DPNNPO GFBUVSF PG MBSHFS OFU;
BQQSPYJNBUJPOT
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JOUFSQSFUBUJPOJT NJTMFBEJOHMZ OBSSPX
#FZPOE UIF 60JGPSN QSJPS XFTPNFUJORIIFOMDRP¥OSBBYSF XI
SFTVMUT JO B GBJSMZ TBU QSJPS UIBU QMBDFT TMJHIUMZ 1J
IBOE UIJT SFTFDUT BDMFBS PSJFOUBUJPO PO TBU QSJPST UIE
UP DFSUBJO WBMVFT 0O UIF PUIFS IBOE IPXFWFS UIJT JT E¢
#FUB EJTUSJCVUJPOET VOEFTISBCMF QSPQFSUJFT SIFTF VC
QFBLTJO EFOTJUZ BOE FYDFTTIWF ESPQ PRT URXBSSET UIF L
S5IFSF XFDBOTFFUISFF#FUBEFOTJUJFT QMBDJOH JODSFBT.
UIFQFBL SFNBJOT NPEFSBUF XIJMFUIFEFOTJUZ BU UIF L
NJOJTDVMF BOE UIFDSFEJCMF TVQQPSU PG UIF QSJPS JODSF

AV %FOTJUZ MFGU MPH EFOTJUZ SJHIU BOE BOE DSFE
GPXJUI B #FUB QBJP-S#R F XJUly \ "  PSFJIJOGPSNBUJWF
QSJPST XJUIIJOMFBETURKBSSPX DSFEJCMF JOUFSWBMT XJUI WB|
DPNQBSF UIF SJHIUQBOFM SFDFIWJOH JOSOJUFTIJNBM QSJPS TVQC

8JUIBOZQSJPS EJTUSIJCVUIPO XFXBOUUPFYQSFTT UIF QSJF
UP VT XJUIPVU EJTUPSUJOH JOTJHIUT UIBU XF DBO PCUBJO
GPSXFUIVT XBOU UP JODPSQPSBUF JOGPSNBUJPO BOE BWPJ
DPOTJEFS UIFPGUFOJNQMJDJU BOE TPNFUJNFT FYQMJDJU Q¢
8JUIPVUEFDFOUTVQQPSUGPSOPO [FSPWBMVFT JUBQQFBST ¢
DPNQMFYJUZ PG DPOOFDUJWJIUZ 51JT QPUFOUJBMMZ TQFDJBM
JOGPSNBUJPO JOEVDFE CZUIF60JGPSN QSJPS 8IIJMF UIJT TBL
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GPSBOZWBMVFT JUJNQMJDJUMZ QSFGFST MBSHF WBMVFT FT
NPEFM 'PSJOTUBGDFF] XFIBWE 110 J F—mouoo
51JT NPUJWBUFT PVS EFQBSUJOH QPJOU XIJDIJT UIF UIF GPI

_#F s JG
o#F . ;. JG

XIFSR U BSF TIBQF QBSBNFUFB® JOEIDBUPS 5I1JT QSJPS F
SFQSFTFOUT B WBSJBCMF TEMPBUJPOIB SPOFEV QB IGPBU [FSP Ul
JOEVDFEMREZBET UPBDPMMBQTF UP UIF MY FBEMNP BPMQ®SBUJW
TBU QSIJPNGHPSPSIJOH TUBOEBSE TFUVQT 5I1JT TNBMM BEBQU
QSJPS UBLFTVTJO UIF SJHIUEJSFDUJPO DPODFQUVBMMZ CVU
QFSIBQT GPS QBOFMT XJUI UJNF TQFDJSD DPOOFDUJWJIUZ |
PG QSJPS JOGPSNBUJPO BOE EFWFMPQ B QSBDUJDBM QSJP
DPOWJDUJPOT

51F TEFDPOE TPVSDF PG QSJPS JOGPSNBUJPO XF XBOU UP SFT
JSDBUJPO ~JO QBSUJDVMBS UBSERNOEBBUFBWPEJIF BU UIFJS
DPNNPOMZ DBVTFJTTVFT GP$IFSEBERT UUDBG BNEE FNMBTO H
$IFO BOE -JBOHBOEJT OP FYDFQUJPO /VNFSJDBM JOTUBCJM
BQQSPBDIJOH TJIOHVMBSJUZ JT BO PCWJPVT FYBNQMF CVU
BNBKPS JTTVF BSF QBUIPMIBHIBBM FPOIRU GSPN UIF QIFOPNF
JOWFTUJHBUJPO CVU UIF QFDVMJBS TUSVDUWDSIBEPGW IF NPEF
)BMMFDL 7FHB BOE & MI®PBTRIGBDF PG UIFTF UFDIOJDBM BOE UIFF
JTTFOTJCMF UPBGEWVMBSU[FIF TVQQPSUBU UIF CPVOEBSJFT CZ
QSJPS

* QSPQPTF UIF GPMMPXJOH DPOUJOVPVT NJYUVSF PG #FUB EJ
DPBMFTDF UIF BCPWF TPVSDFT PG QSJPS JOGPSNBUJPOJOBT

E ~- #F E -(B % %

XIFSFUIFNJYJOHEFOTJUZ JT B (BNNB EEBDESSEMEIIPIOBIIUI TIE
QSPWFO UP CF VTFGVM GPS UIJT QVSQBYTE BO H SNIVMBISIBFUU.
(SJUO BOE #SPXOS5I1JT NJYUVSF BRPSET VT DPOTJEFSBCMF T
FMJDJUBUJPO BMMPXJOH VT UP BDU VQPO UIFQSJPS JOGPSN|
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