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ABSTRACT

Gut feeling and farm wisdom often attribute diseases in horses to specific weather conditions,
which might lead to false assumptions. The goal of this research is to see if these assumptions
are valid or not by answering the questions What is the influence of the Dutch weather on the
health of horses? and To what extend can the Dutch weather be used to predict the occurrence
of colic, laminitis, respiratory disease and skin disease?

To answer these questions the data of animal clinic Den Ham is used. This data required pre-
processing. Duplicate horses are merged, measured horse temperatures are extracted and the
data is grouped into consults. These consults are labelled with one or more of the previously
mentioned diseases using the text description of the consult and the admitted medication. The
labelling is performed with a bag of words approach using Stochastic Gradient Descent testing
different classifiers, loss functions and other parameters. This data is merged with the weather
data of Heino form the weather station of the KNMI (The Royal Netherlands Meteorological In-
stitute), which needed imputation of some values and variables. The values are imputed using
a k-Nearest neighbours approach. The missing variables are taken from the weather station
in Hoogeveen. This weather station, most likely, has the least difference with Heino for the
missing variables. Visualizations are made to find obvious correlations between the diseases
and changes in the weather and to see the occurrence of the diseases over a year. To find
correlations between the weather and the diseases, the weather variables are split into two
groups: the weather on the days where the disease occurs and the weather variables on the re-
maining days. Permutation tests are performed for significance testing between the two groups
of weather variables. When a significant difference is found between the weather conditions
of those two groups, the weather variable is considered to be correlated to the weather vari-
able. Predictions are made using Ensemble predictions, which are compared to four single
classifiers: Logistic Regression, Support Vector Machine, Decision Tree and Neural network.
The ensemble prediction methods Voting, Bagging and Boosting are tested. Voting combines
Logistic Regression, Support Vector Machine, Decision Tree and Neural network. Bagging is
performed once for each of these four classifiers and Boosting is performed using Decision
Trees only.

The methods as described above produce the following results; The measured temperature of
the horses can be obtained from the data with an accuracy of 0.99805. With ten Nearest neigh-
bours, an R? score of 0.99556 is achieved for the imputation of the missing weather values.
The surrounding weather stations did not have very different results for the missing variables,
therefore the weather station of Hoogeveen is used as a donor for the missing variables since
this weather station is closest to Heino and Den Ham. The visualizations of the changes in the
weather do not show any obvious correlations. The correlation analysis does not show clear
links between specific weather variables and one of the diseases. Roughly the same variables
are correlated to each of the diseases. Laminitis has turned out to be the hardest to predict with
an accuracy of 65%, obtained using a single Support Vector Machine or a single Neural Net-
work. Colic and skin disease are both predicted best using the Bagging algorithm with Decision
Trees with respectively 70% and 74% accuracy. The best result has been achieved for respi-
ratory disease with an accuracy of 79.8%. This is achieved with the Voting algorithm, Bagging
Support Vector Machines and with a single Support Vector Machine.



One can expect better results when better-structured veterinarian data is used since the la-
belling of the consults has proven to be challenging. From this data, we cannot conclude that
the Dutch weather influences the health of horses. Neither is the weather a good predictor for
diseases.
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7KHLQIRUPDWLRQRID KRUVH LQ WKH H[SRUW ILOH

7KH PHGLFDO ILOH RIDKRUVH DV VKRZQLQ WKH ZHE DSSOLFD

ILOH ERWWRP

7KUHH WH[WV DV VKRZQ LQ WKH H[SRUW ILOH

7KUHH UHVXOWYV RI IDHFDO WHVWV DV VKRZQ LQ WKH H[SRUW

/IDE UHVXOWV DV VKRZQ LQ WKH ZHE DSSOLFDWLRQ WRS DQG

'LVWULEXWLRQ RIWKHJHQGHUV LQFOXGLQJXQNQRZQ

'LVWULEXWLRQRIELUWKY RYHUWKHPRQWKY ZLWK WRS DQC

RIHDFK PRQWK

'LVWULEXWLRQ Rl WKH FKLS QXPEHUV DV JLYHQ Y&RUUHFWT

VHHP WR EH FRUUHFW LQFOXGLQJGXSOLFDWHYV

7KH ORFDWLRQV RI GLITHUHQW ZHDWKHU VWDWLRQV LQ WKH 1

'DQ +DP DQG WKH ORFDWLRQ RI WKHLU FOLHQWV

7KH ZHDWKHU GDWD DV SURYLGHG E\ WKH .10,

7KH GLVWULEXWLRQ RI WKH YDULDEOHV RI WKH ZHDWKHU GDW
WKH PLVVLQJ YDULDEOHV DUH QRW SORWWHG

&RUUHODWLRQ EHWZHHQ YDULDEOHV 64 VXQVKLQH GXUDWLR

PXP SRWHQWLDO VXQVKLQH GXUDWLRQ 4 JOREDO GXUDWLRC

RUDWLRQ LQ WKH SHULRG WR

7TKH SHUFHQWDJH RI FRQVXOWY FRQFHUQLQJ WKH GLVHDVH R
DOO FRQVXOWYV RI WKDW \HDU

7KH QXPEHU RI FRQVXOWY FRQFHUQLQJ WKH GLVHDVH RYHU W
6FDWWHU SORWYV ZLWK KLVWRJUDPV Rd; V8 OIR WMOHVGKIHAD Y Q © WH \
WKHDYHUDJH RI WKH ZHDWKHU YDOXtdVYRD BYOAVWZLB/K\WE@GE IRU
ZLWKRXW ODPLQLWLV DQG WKHIZSHORMWYH G DORHY\WRW WIRHQZHD'
YDOXHV Ri7f RRU GD\V ZLWK DQG ZLWKRXW FROLF

JRUHDFK RI WKH GLVHDVHYV VZDUP SORWV DQGER[SORWYV RI W
ZHDWKHU YDOXH

'LVWULEXWLRQRIWKHEUHHGY LQFOXGLQJXQNQRZQ WRS D
'LVWULEXWLRQ RI QXPEHU RI ELUWKV RYHU WKH \HDUV
+LVWRJUDP RI WKH DJH RI WKH KRUVHV ZLWK D ELUWK DQG GHI
'LVWULEXWLRQ RI GHDWKV RYHU WKH PRQWKYV ZLWK WRS D
GD\RI HDFK PRQWK
'LVWULEXWLRQ RI QXPEHU RI GHDWKV RYHU WKH \HDUYV

7KH GLVWULEXWLRQ RI WKH QXPEHU RI FRQVXOWY RYHU WKH
ERWWRP



UDQGRPO\ VHOHFWH® Y WKXHVOR@\ PHDQ WHPSHUDWXUH 7
GHJUHHV &HOVLXV WKH GDLO\ PHDQ VHD OHYHO SUHVVXUH ¢
PHDQ ZLQG VSHHG )* LQR PV WKH SUHFLSLWDWLRQ GXUD'
DQG WKH GDLO\ PHDQ UHODWLYH DWPRVSKHULF KXPLGLW\ 8*
WR ULJKW DJDLQWW;VdKHdY B & XH W&H DYHUDJH RYHU DQG

GD\V SUDRWWR WR ERWWRP IRU WK B VB P ©DELON\YHAHW KH
ZHDWKHU GDWD VHW WKHUHG FRORUHG GRWV DUH WKH GDWH

UDQGRPO\ VHOHFWHI®R Y WOIKHAHE RO\ PHDQ WHPSHUDWXUH 7
GHJUHHV &HOVLXV WKH GDLO\ PHDQ VHD OHYHO SUHVVXUH =G
PHDQ ZLQG VSHHG )* LQR PV WKH SUHFLSLWDWLRQ GXUD'
DQG WKH GDLO\ PHDQ UHODWLYH DWPRVSKHULF KXPLGLW\ 8*
WR ULJKW DJDLQMYW Wk HLY;Dd XHARKH DYHUDJH RYHU DQG
GD\V SULRWRRWR ERWWRP |IRU WKCHNHDIPGIOY ® D\WDIE@W KH ZHD WK
GbDWD VHW WKHUHG FRORUHG GRWV DUHWKH GDWHV RI D FRQ

UDQGRPO\ VHOHFWHIR Y WOIKHHE RO\ PHDQ WHPSHUDWXUH 7
GHJUHHV &HOVLXV WKH GDLO\ PHDQ VHD OHYHO SUHVVXUH =G
PHDQ ZLQG VSHHG )* LQR PV WKH SUHFLSLWDWLRQ GXUD'
DQRG WKH GDLO\ PHDQ UHODWLYH DWPRVSKHULF KXPLGLW\ 8*
WR ULJKW DJDLQMYW Wk HY;DdD XHARKH DYHUDJH RYHU DQG
GD\V SUGLRWRRWR ERWWRP IRU W KCHNHDIPGIOY G DWDIEEOW KH ZHD WK
GDWD VHW WKH UHG FRORUHG GRWYV DUH WKH GDWHV RI D FR(
GLVHDVH

UDQGRPO\ VHOHFWHIR Y WNIKAHG RO\ PHDQ WHPSHUDWXUH 7
GHJUHHV &HOVLXV WKH GDLO\ PHDQ VHD OHYHO SUHVVXUH =2
PHDQ ZLQG VSHHG )* LQR PV WKH SUHFLSLWDWLRQ GXUD'
DQG WKH GDLO\ PHDQ UHODWLYH DWPRVSKHULF KXPLGLW\ 8*
WR ULJKW DJDLQWW;VKHdY P & XH W&H DYHUDJH RYHU DQG

GD\V SUJRWWR WR ERWWRP IRU WK B VB P ©DELON\YHAHW KH
ZHDWKHU GDWD VHW WKHUHG FRORUHG GRWV DUH WKH GDWH



ILVW RI 7TDEOHYV

ILWHUDWXUH RYHUYLHZ R UHODWLRQV EHWZHHQ KRUVH FRO
UHVXOWX KIRE@G FRUUHODWLRQ T QR FRUUHODWLRQ IRXQC
YHVWLIDWHG 7KH VRXUFH RI WKH GDWD LV HLWKHU D YHWH!I
RZQHU VWDEOH R

ILWHUDWXUH RYHUYLHZ RIUHODWLRQV EHWZHHQ UHVSLUDWR
WLRQV )RU WKHX HVIXORWW R®GEW\ QRW PHQWLRQHG
ILWHUDWXUH RYHUYLHZ RI UHODWLRQV EHWZHHQ VNLQ GLVH
7KH IROORZLQJ IXQJL DQG EDFWHULD DUH FRQVLGHUHG 'HU
'8« EDFWHULXP +LVWRSODVPD IDUFLPLQRVXP +) IXQJXV +
HQV +' IXQJXV DQG 6WUDSK\ORFRFFXV 6 EDFXWHULXP )RU
DILTHFWV i GRHV QRW DIIHFW HPSW\ QRWPHQWLRQHG

7KH QXPEHU RI FOLHQWYV WKDW KDV D JLYHQ DPRXQW RI KRUV

&OLQLF 'HQ +DP

7KH H[SODQDWLRQ RI WKH YDULDEOHV JLYHQ E\ WKH .10,

JRUHDFKRIWKH YDULDEOHV WKHILUVW GDWHDQG WKH GDWH

RFFXU IRUWKH WKUHH ZHDWKHU VWDWLRQV FORVHVW WR WK F

GDWHV KDYH WKH IRUPDW <<<<00'" UHG FHOOV LQGLFDWH PL)\
DQG

7KH PHDQ PHGLDQ VWDQGDUG GHYLDWLRQ 67' PD[LPXP P

PLQ YDOXH RI WKH ZHDWKHU GDWD RI ZHDWKHU VWDWLRQ +F

IURP WR

7KH SDUDPHWHUV XVHG IRU WHVWLQJ WKH ORVV IXQFWLRQV

'"HVFHQW DQG 1DLYH %D\HV

5HVXOWV RI WKH OLWHUDWXUH VWXG\WR PHWKRGV XVHG IRU |

&RQIXVLRQ PDWULFHV IRU NH\ZRUG VHDUFK RI WKH GLVHDVHYV
JRUHDFK ODEHO VHW WKH FODVVLILHUDQG SDUDPHWHUV WKD
DQRG ZLOO EH XVHG IRU ODEHOOLQJ WKH GDWD 7KH XVHG FOD
DUH VTXDUHGBKLQJH 6+ PRGLILHGBKXEHU 0+ KLQJH +L L
$FFXUDF\ SUHFLVLRQ UHFDOO DQG SUHFLVLRQ DW UHFD
VHWY DQG WKH NH\ZRUG VHDUFK %LQDU\LV D FRPELQDWLRC
"FROLF" "ODPLQLWLV" "UHVSLUDWRU\"DQG "VNLQ ODEHO VH
FODVVLILHUV IURP WDEOH

&RQIXVLRQ PDWULFHVIRU SUHGLFWLRQ RIWKHODEHO VHWYV F
VNLQ XVLQJ WKH SDUDPHWHUV DQG FODVVLILHUV IURP WDEO'
7TKH QXPEHU RFFXUUHQFH RI WKH GLVHDVHV LQ WKH GLITHUHQ
FRPELQDWLRQRIWKH FROLF" "ODPLQLWLV"™ "UHVSLUDWRU\"
LV WKH FRXQW RI WKH NH\ZRUG VHDUFK 8VLQJ WKH SDUDPHMW
WDEOH
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7KHDFFXUDF\IRUWKHWHPSHUDWXUHY ZKHQ VSHFLILF QXPEH
UHOHYDQW 7KHSHUFHQWDJHYV DQG QXPEHUV WKDW DUH UHP
7KH3 YDOXHVDQGGLIIHUHRFHLW RPHBDBDDKH WKH GD\V ZLWK F|
DQXs, LV WKH PHDQ RI WKH GD\V ZLWKRXW FROLF IRU WKH GLI
RQ GD\V ZLWK DQG ZJJUE "R KW FREGDNH D S YDOXH WKDW LV FRQ

FRUUHODWHG 7KHFRUUHVSRQGLQJ GIUNDEEE]" -\Q PHDQ DU

GHSHQGL(QHIDWRIEI! FRUUHODWLRQ

7KH 3 YDOXHV DQG GLIIHUHQEHLVQWKHDPH ZBHRUM KH GD\V ZLW
ODPLQLYWLWDMIH PHDQ RIWKH GD\VZLWKRXW ODPLQLWLV IRU
YDOXHV RQ GD\V ZLWK DQG[EEE/RRRWVOPPY R IDNS WDOXH WKDW

FROQVLGHUHG FRUUHODWHG 7KHFRUUHVSRQGUHGGLIITHUHQFI

DOERE GHSHQGLIQHIDWRIEI! FRUUHODWLRQ

7KH 3 YDOXHV DQG GLIIHUHQFEHLVOWKHD PH ZE RRUM KH GD\V ZLW
UHVSLUDWRU\ B V¥ DAKHH PGI® Q R1 WKH GD\V ZLWKRXW UHVSLUTL
IRU WKH GLITHUHQW ZHDWKHU YDOXHV RQ GD\V ZLWK DQG ZL\
FHOOV KDYH D S YDOXH WKDW LV FRQVLGHUHG FRUUHOD

GLITHUHQFHV LQ PHI UI-EG.QWI)FGJ+BCHQGL QHJDWRU H

FRUUHODWLRQ

7KH3 YDOXHV DQG GLIITHUHRFHL WRHPEDDKRHWHKH GD\V ZLWK V
GLVHDVK,DQ@GNKH PHDQ RI WKH GD\V ZLWKRXW VNLQ GLVHDVH
ZHDWKHU YDOXHV RQ GD\V ZLWK D EINIELMHCRXWK\DNIHQDGS V H D V
YDOXH WKDW LV FRQVLGHUHG FRUUHODWHG 7KH FRUUHVSRQ

FRORUKHGQEEE GHSHQGL QHID\WRIEI! FRUUHODWLRQ

5HVXOWY RILPSXWDWLRQ PHWKRGV IRURXUGDWD XVLQJ WK
5HVXOWY IRU LPSXWDWLRQ XVLQJ N11 ZLWK N DV WKH QXPEF
XVHG IRUWKH SUHGLFWLRQ

7KH FDORX ORDUMMIGH EDURPHWULF SUHVVXUH IRU FRPELQDWLR
VHWYV

7KH GLVWULEXWLRQ RI WKH WKH ODEHOV LQ WKH GLITHUHQW O
5HVXOWYV 3UHSDUH GDWD 2FFXUUHQFH RIGLVHDVHYV
5HVXOWV RI SDUDPHWHU WXQLQJIRUWKH ODEHO VHWV 5HGXF
ORVVIXQFWLRQ KLQJH +L ORJ / PRGLILHGBKXEHU 0+ VT
FHSWURQ 3 VTXDUHGBORVV 6/ KXEHU +X HSVLORQBLQVH!
VLORQBLQVHQVLWLYH 6(, DQG WKH QDWYH %D\HV FODVVLILH
5HVXOWVY Rl SDUDPHWHU WXQLQJ IRU WKH ODEHO VHWYV &ROLI
6NLQ WRWHVW HDFKORVVIXQFWLRQ KLQJH +L ORJ / PRGL
6+ SHUFHSWURQ 3 VTXDUHGBORVV 6/ KXEHU +X HSVL
VIXDUHGBHSVLORQBLQVHQVLWLYH 6(, DQG WKH QDwWYH %D\H
)RU HDFK ODEHO VHW WKH FODVVLILHUV DQG SDUDPHWHUV XV
*UDGLHQW 'HVFHQWDQGR XVHGLQ QDLYH %D\HV 3DUDPHWH
DQ\RI WKH ODEHO VHWV DUH QRW VKRZQ 7KH XVHG FODVVLIL
LILHGBKXEHU 0+ VTXDUHGBKLQJH 6+ SHUFHSWURQ 3 KX
VHQVLWLYH (, VTXDUHGBHSVLORQBLQVHQVLWLYH 6(, DQG
1%

7KH UHVXOWYV Rl SDUDPHWHU WXQLQJ WLPHV IRU WKH "FR
EHU RI WLPHV HDFK FODVVLILHU LV FRQVLGHUHG EHVW FRXQ\
HDFK SDUDPHWHU LV XVHG &ODVVLILHUV XVHG KLQJH +L
VIXDUHGBKLQJH 6+ KXEHU +X HSVLORQBLQVHQVLWLYH ¢,



7KH UHVXOWV RI SDUDPHWHU WXQLQJ WLPHV IRUWKH "ODP
EHU RI WLPHV HDFK FODVVLILHU LV FRQVLGHUHG EHVW FRXQ\
HDFK SDUDPHWHU LV XVHG &ODVVLILHUV XVHG KLQJH +L

VIXDUHGBKLQJH 6+ SHUFHSWURQ 3 HSVLORQBLQVHQVLWL
7KH UHVXOWV Rl SDUDPHWHU WXQLQJ WLPHV IRU WKH "UH
QXPEHU Rl WLPHV HDFK FODVVLILHU LV FRQVLGHUHG EHVW F
WLPHV HDFK SDUDPHWHU LV XVHG &ODVVLILHUV XVHG KLQ
0+ VTXDUHGBKLQJH 6+ SHUFHSWURQ 3 HSVLORQBLQVHQ)
VLORQBLQVHQVLWLYH 6¢(,

7KH UHVXOWYV RI SDUDPHWHU WXQLQJ WLPHV IRU WKH "VNLC
WLPHVY HDFK FODVVLILHULVY FRQVLGHUHG EHVW FRXQW DQG W
UDPHWHULV XVHG &ODVVLILHUV XVHG KLQJH +L PRGLILHGB
6+ HSVLORQBLQVHQVLWLYH (, VTXDUHGBHSVLORQBLQVHQ
7KH UHVXOWYV RI SDUDPHWHU WXQLQJ WLPHV IRUWKH "UHG
EHU RI WLPHV HDFK FODVVLILHU LV FRQVLGHUHG EHVW FRXQ\
HDFK SDUDPHWHU LV XVHG &ODVVLILHUV XVHG KLQJH +L

VIXDUHGBKLQJH 6+ HSVLORQBLQVHQVLWLYH (, 1DwYH %D\
7KH UHVXOWV RI SDUDPHWHU WXQLQJ WLPHV IRU WKH "VLP
EHU RI WLPHV HDFK FODVVLILHU LV FRQVLGHUHG EHVW FRXQ\
HDFK SDUDPHWHU LV XVHG &ODVVLILHUV XVHG KLQJH +L

VIXDUHGBKLQJH 6+ SHUFHSWURQ 3 HSVLORQBLQVHQVLWL
7KH FRQIXVLRQ PDWUL[ IRU SUHGLFWLRQ RI WKH 'VLPSOH’" ODE
7KH FRQIXVLRQ PDWUL[IRU SUHGLFWLRQ RI WKH "UHGXFHG” O

JRUHDFK WHPSHUDWXUH WKH QXPEHU RI LQFRUUHFW ODEHO
DPRXQW RI ODEHOV WKH QXPEHU RI WLPHVY WKH WHPSHUDW X
WH[WV RI WKHPHGLFDOILOHDQG WKHSHUFHQWDJH RI FRUUHI
&RQIXVLRQPDWUL[IRUWKHDFWXDODQG SUHGLFWHG QXPEHU
IRUDOO WHPSHUDWXUHV IRXQG 7KHDFFXUDF\ LV
&RQIXVLRQ PDWUL[IRUWKHDFWXDODQG SUHGLFWHG QXPEHU
IRUDOO WHPSHUDWXUHYVY WKDW DUH ODEHOHG FRUUHFWO\ PF
VKRZQ LQ' 7TKHDFFXUDF\ LV

$FFXUDF\ SUHFLVLRQ DQG UHFDOO RI WKH SUHGLFWLRQV RI ¢
YDULDEOHV DQG EDJJLQJ ERRVWLQJDQG YRWLQJ /5 /LQHD
6XSSRUW 9HFWRU ODFKLQH '7 'HFLVLRQ 7UHH DQG 11 1HXUD
7KH FRQIXVLRQ PDWULFHV DQG DFFXUDF\ SUHFLVLRQ DQG UF
WKH GLVHDVHV XVLQJWKH ZHDWKHU YDULDEOHV DQG VLQJOH F
/5 6XSSRUW 9HFWRUODFKLQH 690 'HFLVLRQ7UHH '7 DQG 1
7KH FRQIXVLRQ PDWULFHV Rl WKH SUHGLFWLRQ RI GLVHDVH)
DQG YRWLQJ 3 3UHGLFWHG $ $FWXDO QRW GLVHDVH C
5HJUHVVLRQ 690 6XSSRUW 9HFWRU ODFKLQH '7 'HFLVLRQ 7
1HWZRUN

7KH FRQIXVLRQ PDWULFHV RI WKH SUHGLFWLRQ RIGLVHDVHV X
HDU 5HJUHVVLRQ /5 6XSSRUW 9HFWRU ODFKLQH 690 'HFLV
1IHXUDO 1HWZRUN 11 3 3UHGLFWHG $ $FWXDO QRW GLV
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,Q KRUVHFDUH DORWRIDVVXPSWLRQVDUHPDGHUHJDUGLQJWKHF
WLRQV DUH RIWHQ EDVHG RQJXW IHHOLQJDQG IDUP ZLVGRP )RU H]J
WKDQ GDUN KRRIV VR ZKLWH KRRYHV KDYHPRUH SUREOHPYV OLNH F
DUHPRUH SURQHWR GHYHORS FDQFHU O0XGG\SDVWXUHV FDXVH PX
VHHLILWLY SRVVLEOHWRYDOLGDWHWKHVHDVVXPSWLRQV UHJDU
LOQVLIKW LQWR WKH FDXVHV RI GLVHDVHYV
JRU YHWHULQDULHV LW LV WHPSWLQJ WR EH JXLGHG E\ WKHVH DV
QDULDQ WR GLDJQRVH D KRUVH IDVWHU EXW WKH\ FDQ MXVW DV HD"
WKH DVVXPSWLRQV FDQ EH SURYHQ ULJKW RU ZURQJE\GDWD DQDO
UDWHO\ 7KH VSHFLILF GDWD DQDO\]HV SHUIRUPHG LQ WKLV UHVHD
RI 'DWD 6FLHQFH DQG $UWLILFLDO ,QWHOOLJHQFH PHWKRGV VXEFK
SUH SURFHVVLQJDQG LQWHUSRODWLRQ DV ZHOODV FODVVLILFDW
7R GR WKLV WKHGDWDRI$QLPDO &0LQLF 'HQ +DP ZLOO EH XVHG 7K
DOO GRPHVWLFDQLPDOV IHDWXULQJD WHDP RIHTXLQH VSHFLDOL\
WKH SDVW \HDUV
7KH REMHFWLYH RI WKLY UHVHDUFK LV WR LQYHVWLJDWH WKH LQI(
KRUVHYV "'XULQJ WKLV UHVHDUFK ZH ZLOO IRFXV RQ WKH LQIOXHQF
UHQFH RI FROLF WKHGHYHORSPHQW RI ODPLQLWLYV WKH RFF>
GHYHORSPHQW RIUHVSLUDWRU\ GLVHDVHV
7KLV UHVHDUFK SURYLGHYV D VXPPDU\ RI UHODWHG ZRUN UHJDUGL
yWGLVFXVVHVY WKH TXHVWLRQV WKDW VWLOO UHTXLUHDQ DQVZHU
WKHP 7KLV LVIROORZHG E\WKHREWDLQHG UHVXOWV IURPIROORZ
,QVHFWLRQ DVXPPDU\RIVWXGLHV LVJLYHQ GHVFULELQJ WKHLP
RI KRUVHV 6HFWLRQ FRQWDLQV XQDQVZHUHG TXHVWLRQV IRU IXl
GHWDLOV DERXW WKHPHWKRGRORJ\WKDW ZLOO EH XVHG WR SuU
ILQG FRUUHODWLRQV EHWZHHQ WKH ZHDWKHU DQG WKH GLVHDVH
WLRQ SURYLGHV GHWDLOVDERXWWKHGDWD 6HFWLRQ JLYHV D
6HFWLRQ JLYHV LQVLIKWLQWR WKHDVVXPSWLRQV WKDW DUH PDC
TXHQFHVY RI WKHVHDVVXPSWLRQV IRU WKLY DQG IXUWKHU UHVHDU
WKHUHVHDUFK TXHVWLRQV DUHJLYHQ LQ VHFWLRQ
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7KLV VHFWLRQ SURYLGHV D VXPPDU\RI SDSHUV WKDW ORRN LQWR K
ZHDWKHU FRQGLWLRQV

&ROLFDQG ZHDWKHU

&ROLF LV NQRZQ WR EH WKH QXPEHU RQH FDXVH RI GHDWK LQ KRUYV
VHDUFKHUV KDYHLQYHVWLJDWHG IDFWRUV DVVRFLDWHG ZLWK DQ |
ZHDWKHU DUH RQH RI WKH IDFWRUV

$QRYHUYLHZ RIVWXGLHVY WR WKH FRUUHODWLRQ EHWZHHQ ZHDWKF
7KHVH VWXGLHV UDQJH IURP WR 7KH GDWD IRU WKH GLIIHUF
IURP RQH RU PRUH YHWHULQDULDQ SUDFWLFH V Y RUIURP WKH V
FDQ SURYLGH GLITHUHQW UHVXOWVY VLQFH QRW DOO KRUVHV VKRZL
HULQDULDQV > @

ORVW RI WKH VWXGLHV ILQG VRPH FRUUHODWLRQ EHWZHHQ KRUVH
ZHDWKHU W\SHV RU FKDQJHV PRQWKO\RUVHDVRQDO SDWWHUQV '
WKHVH SDSHUV DUH GRXEWLQJWKHVWDWLVWLFDO VLJQLILFDQFHR
IRUWKLVY FRXOG EH WKH IDFW WKDW PRVW VWXGLHV XVHG GDWD IUF
PDQDJHPHQW RI WKH KRUVHV WXUQRXW W\SHV RIIRRG HWF FKDQ
DQG VHDVRQDO SDWWHUQV ZKLFK FDQ OHDG WR FROLF DV ZHOO $
JURXS RIKRUVHV H[SHULHQFHG FROLFGXULQJDVQRZVWRUP WKH K
WKH\ QRUPDOO\ZRXOG EH WXUQHG RXW EXW WKH IHHGLQJ UHJLPH
DFFRUGLQJO\ 6R WKH PDQDJHPHQW ZDV PRUH OLNHO\WR KDYH FDX
LWVHOI $OVR ULVNIDFWRUV OLNHO\YDU\ ZLWK WKH W\SH RI FROLF
,Q WKH ILIWHHQ VWXGLHV GHVFULEHG DERYH ORJLVWLF UHJUHVVL
UHODWLRQV EHWZHHQ WKH ZHDWKHU DQG WKH RFFXUUHQFH RI &RC
LV XVHG WKUHH WLPHV DQG 6SHDUPDQ &RUUHODWLRQ WZLFH ,Q R
VWDWLVWLFDO DQDO\VLY QR IXUWKHU GHWDLOV ZHUH SURYLGHG
FRQFOXVLRQV )RUWKUHHRIWKH SDSHUV QR PHWKRG LV JLYHQ
7HPSHUDWXUH DQG EDURPHWULF SUHVVXUH DUH PHQWLRQHG DV SF
RI WKH SDSHUV $SSUR[LPDWHO\ KDOI RI WKHP VXFFHHGHG LQ SU
&KDQJHV LQ WKH ZHDWKHU PRQWKO\ DQG VHDVRQDO SDWWHUQV L
UHODWHG WR FROLF 7KHVH VHHP WR EH HDVLHU WR SURYH DOPR\
ILQGLQJ FRUUHODWLRQV 1R SDSHUV ZHUH IRXQG VWXG\LQJ D FRU!I
VXJIJHVWHG E\D YHWHULQDU\H[SHUW )RUWKLV UHVHDUFK LW ZRX(
FDQ EH IRXQG ZLWK WHPSHUDWXUH DQG EDURPHWULF SUHVVXUH LC
FROLFDQG ZLQG ZLOO EHLQYHVWLJDWHG DV ZHOO



| > @> @> @> @ @ @ @ @ @ @ @> @ @ @ @

BXEOLFDWLRQ\®DUY |1 /T |7 |7 /T /T | T |7 [T |9 | T |7 |9
6RXUFH Y, Y RIR| Y| RI R Y| Y| Y] Y| Y| R|] Y| Y
1XP RI\HDUYV

7HPSHUDWXUH P X | X [ X
%DURPHWULF BUHVVXUH T | X X
+XPLGLW\ X T
5DLQIDOO P

6QRZ X

:HDWKHU FKDQJX X ) X
ORQWKYV X X | X

6HDVRQV X X X
3HDUVRQTV &RUU | &RHI

/RILVWLF 5HJYHVVLRQ

9LVXDOL]DWLRQ

6WDWVLWLFDQ $QDO\VLV

6SHDUPDQ &RJUHODWLRQ

7TDEOH ILWHUDWXUHRYHUYLHZRIUHODWLRQV EHWZHHQ KRUVH |

KRXG IRXQG FRUUHODWLRQ T QR FRUUHODWLRQ IRXQG HPSW\ QI
WKHGDWD LV HLWKHU D YHWHULQDULDQ SUDFWLFH Y RUWKHRZQ!

/IDPLQLWLVY DQG ZHDWKHU

$OWKRXJK 3RO]JHU DQG 60DWHU > @ IDLOHG WR ILQG D FRUUHODWL
ULVNRIGHYHORSLQJODPLQLWLVYLQKRUVHVLVIRXQG WREHKLJKHL
DFFRUGLQJWR :\OLHHWDO > @ ,QDGGLWLRQ OHQJLHV *RZ HW D¢
EHWZHHQ WKH QXPEHU RI VXQVKLQH KRXUV DQG WKH LQFLGHQFH RI
GXHWRFKDQJHV LQ WKHJUDVV FRQWHQWY DQG QRW WKH GLUHFW I
1R DVVRFLDWLRQV EHWZHHQ UDLQIDOO RUWHPSHUDWXUH DQG WKt
IRXQG E\OHQJLHV *RZHW DO > @

(DWLQJ KLJK VXJDU IHHG FDQ FDXVH LQVXOLQ UHVLVWDQFH LQ KR
EH DVVRFLDWHG ZLWK ODPLQLWLY > @ 2YHUGRVLQJLQVXOLQ RU
LQGXFH ODPLQLWLYV LQ KRUVHV > @ 'XULQJ WKH GD\ WKURXJK
VXJDUV ZKLFK LV VWRUHG LQ WKH VWHPV DQG OHDYHV > @
WR JURZ 7KH VWRUDJHDOORZV WKH JUDVV WR JURZ ZKHQ SKRWRV\
GXULQJ WKH QLJKW > @

$OWKRXJK VRPHJUDVV VSHFLHV SURGXFH OHVV VXJDU GXULQJ FRO
DFFXPXODWHLQ WKHJUDVV E\ORZWHPSHUDWXUHV > @ 7KLV
E\WKH IDFW WKDW WKH JUDVV LV XQDEOH WR JURZ GXULQJ FROG EX
%HVLGHY ORZ WHPSHUDWXUHYV JUDVV FDQ H[SHULHQFH VWUHVV [
VWUHVV LVDQRWKHU FDXVH RIVXJDU VWRUDJHLQ JUDVV > @ 6L
VXGGHQ ZDWHU GHILFLW UHGXFHG WKH OHYHOV RI VXFURVH DQG VW
GHILFLW LQGHHG UDLVHG VXJDU OHYHOV H[FHSW IRUVWDUFK 7KL
*RZHWDO > @ WKDW JUDVV JURZQ XQGHU FHUWDLQ ZHDWKHU FRQ
7DNLQJ WKLV LQWR DFFRXQW DQ LQFUHDVH RI ODPLQLWLYV FDQ EH
ZKHQ WKH GD\V DUH ZDUP DOORZLQJWKH JUDVV WR SURGXFH VXJD
WKH JUDVV IURP JURZLQJDQG WKHUHIRU XVLQJ WKH VXJDUV 'XULC
RIFDVHV RI ODPLQLWLF KRUVHV DOVR LV VXSSRVHG WR EH KLJKHU
IDPLQLWLY FDQEHLQGXFHG E\GLHWV ZLWK KLJK VXJDU 7KH VXJDU
WKH JUDVV FDQQRW JURZ GXH WR GURXJKW RUORZ WHPSHUDWXUH
RI ODPLQLWLV LV WKHUHIRUH H[SHFWHG WR EH KLJKHU ZKHQ WKH W
GXULQJWKH GD\ DQG GXULQJ SHULRGV RI GURXJKW
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3XEOLF ||[\HDU

(+9 (59

($9
+LIJK WHIPS X X X X X
IRZWHP5 X X X X X
+LIJK KXPLG X X X X X X X X
"U\FRQG X
"LQWHU X
6SULQJ X
7TDEOH /ILWHUDWXUHRYHUYLHZRIUHODWLRQV EHWZHHQ UHVSLU

JRUWKH UHVXOMVHRMOVG HPSW\ QRW PHQWLRQHG

5HVSLUDWRU\ GLVHDVHDQG ZHDWKHU

$ FRUUHODWLRQ EHWZHHQ UHVSLUDWRU\ GLVHDVH DQG KLJK KXPL(
SHUW 7DEOH VKRZVDQRYHUYLHZ RI SDSHUV DQG WKH ZHDWKHL
SDSHUV UHVSRQVLEOHIRUGLIIHUHQW W\SHV RI UHVSLUDWRU\ GLV
$FFRUGLQJWR6DLQVEXU\> @ GDPS VWDEOHV LQ FRPELQDWLRQ ZL
SLUDWRU\SUREOHPYV :DUP KXPLG ZHDWKHUFDQ ZRUVHQ VRPH UHV
VWULGRU > @ WUDFKHDO FROODSVH> @ DQG ,QIODPPDWRU\ $LU
EURQFKLDO WHPSHUDWXUH E\ EUHDWKLQJ KRW KXPLG DLU FDQ ED:
WKH DLUZD\ ZDV DOUHDG\ LQIODPHG > @ %XOORQH > @ FRQFOXC
KLIJIKHU GXULQJ ZDUP KXPLG ZHDWKHU ZKLFK FDQ OHDG WR LUULW!|
,Q WKH UHVHDUFK RI'RQDOGVRQ WR WKH VXUYLYDO RIDLUERUQH Y
SHVYLUXV W\SH  (+9 HTXLQH DUWHULWLY YLUXV ($9 DQG WKH |
(59 VXUYLYHG ZHOO LQ KLJK KXPLGLW\ ,W GLG SRRUO\LQ GU\ FR(
RWKHU YLUXVHV ZDV WKH VDPH RU ORZHU LQ KLJK KXPLGLW\ FRPSD!
,Q FRQWUDVW DFFRUGLQJWRS5RELQVRQHW DO > @ &23' &KURQL
RUHTXLQHDVWKPD LQ KRUVHVLVUDUHLQFRXQWULHV OLNH &DOLI
ZDUPDQG GU\ ZKLOH &23'LVPRVWFRPPRQLQ IRUWKHUQ +HPLVSKH
JDWHG WKH ULVN IDFWRUV RI 5SHFXUUHQW $LUZD\2EVWUXFWLRQ 5%
RI5$2 LV JLYHQ PRUH RIWHQ GXULQJ ZLQWHU [ DQG VSULQJ [
7KH RFFXUUHQFH RI15%32 LQ DXWXPQ ZDV VLIJQLILFDQWO\ OHVV ([H
DVWKPD OLNHDLUZD\GLVHDVH> @ DQG ORZHUDLUZD\GLVHDVH >
ZLQWHU FDQ LQFUHDVH WKH QXPEHU RILQIODPPDWRU\ FHOOV > @
(YHQ WKRXJK YLUXVHV H[FHSW IRU (59 GR QRW WKULYH ZHOO LQ
WR EH PRUH SURQH WR GHYHORS UHVSLUDWRU\ GLVHDVHV GXULQJ k
.QRZLQJ WKLV LW LV H[SHFWHG WR VHH PRUH FDVHV RI UHVSLUDW!|
KXPLGLW\DQG H[WUHPH WHPSHUDWXUHYV

6NLQ GLVHDVHDQG ZHDWKHU

+LIJK KXPLGLW\DQG UDLQIDOO DUH RQH RI WKH PRVW PHQWLRQHG |
LQIHFWLRQV $YHWHULQDU\H[SHUW VXJJHVWHG D SRVVLEOH FRUUI
KXPLGLW\

)XQJLDQG EDFWHULD DUH RIWHQ FDXVHV RI'VNLQ GLVHDVHV LQ KRU
GLWLRQVIRUWZR EDFWHULD 'HUPDWRSKLOXV FRQJROHQVLV DQG ¢
SODVPD IDUFLPLQRVXP DQG +\SKRP\FHV GHVWUXHQV WKDW DFFR
DUHDVVRFLDWHG ZLWK VNLQ GLVHDVHV LQ KRUVHYV
'"HUPDWRSKLOXV FRQJROHQVLVY FDXVHV PXGIHYHUDQG UDLQ URW F
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SXEOLFDWLRQ \HDU

5DLQIDOO X X X X X X

+XPLGLW\ X X X X X

"HW SDVWXUHYV X X

IRZWHPSHUDWXUHYV X X i

+LIK WHPSHUDWXUHYV X X X X
1

"U\FRQGLWILRQV

7TDEOH ILWHUDWXUH RYHUYLHZ RI UHODWLRQV EHWZHHQ VNLQ G
IROORZLQJIXQIJLDQGEDFWHULDDUHFRQVLGHUHG 'HUPDWRSKLOX
SODVPDIDUFLPLQRVXP +) IXQJXV +\SKRP\FHV GHVWUXHQV +' |X(
6 EDFWHULXP )RU WKHDNHNVKWWWV KRFOHGY QRW DIITHFW HPSW\ QRW

VSUHDG RI WKHVH GLVHDVHVY LQFUHDVHY ZLWK UDLQIDOO >
OROOLQV > @ WKH VNLQ EDUULHU LV GDPDJHG E\ KLIJIK DPRXQWYV R
UDLQIDOO LV WKH PDLQ SUREOHP QRW WKHDQQXDO UDLQIDOO 7Kt
EHLQFUHDVHG EA\UDLQ> @ ,Q,VUDHO D KHUGRIKRUVHV ZDV LQIH
IRXU ZHHNV DIWHU KHDY\ UDLQIDOO ZKLFK OHG WR PXGG\ SDVWXU
PXGG\ SDVWXUHVY DUH DVVRFLDWHG ZLWK WKH RQVHW RI WKH GLVH
PHQWLRQHG DV D SUREOHP E\ :KLWH> @ LQDGGLWLRQ WR DXWXP
VRFLDWHG ZLWK KHDY\UDLQIDOO &ROOHVHWDO > @ VWDWHYV WK
FRQGLWLRQV LV SODXVLEOH EXW QRWDOZD\VWKH FDVH
*DEDODQG+HQQDJHU> @ GLVFRYHUHG WKDW KLVWRSODVPDIDUFL
DW f& FRPSDUHG WR ZDUPHU WHPSHUDWXUHV XS WR f& 7KLV |
$UPHQL> @ WKDWGLVFRYHUHG PDQ\FDVHV RQ ORFDWLRQV ZLWK
LQFROG GU\RU ZLQG\FOLPDWH +\SKRP\FHV GHVWUXHQV LV FRQV
SHULRGYV > @ OLOOHUDQG &DPSEHOO > @ GLVFRYHUHG D ULV
UDLQIDOO LQ WKH VXPPHU WKLV LV FRQVLGHUHG WR KHOS WKH IXQ
IXQJL WR RWKHU LQGLYLGXDOV

$V ZLWK GHUPDWRSKLOXV FRQJROHQVLVY WKH VWDSK\ORFRFFXV EF
:DUP KXPLG ZHDWKHU FRPSURPLVHVY WKH VNLP EDUULHUV DQG LV Wi
LQJWKLV  EDFWHULXP > @

6NLQ GLVHDVHVDUHH[SHGLWHG WRDSSHDUPRUHLQWKHGDWD DIW
DQG KLIJIKRUORZWHPSHUDWXUH FRXOG DOVR EHDQ LQGLFDWLRQ I



5(6($5&+ 48(67,216

,Q VHFWLRQ DQRYHUYLHZ RI WKH UHODWHG ZRUN FRQFHUQLQJ W
%DVHG RQ WKHUHODWHG ZRUN WKHIROORZLQJTXHVWLRQV DULVH

4 :KDWLVWKHLQIOXHQFHRIWKH'XWFKZHDWKHU RQ WKH KH

%DVHG RQWKHILQGLQIJIVLQWKHUHODWHG ZRUN WKHLQSXWRIYHYV
WKHIROORZLQJVXE TXHVWLRQV DUHFRQVWUXFWHG WRDQVZHU W

'RHV WKH WHPSHUDWXUH EDURPHWULF SUHVVXUHDQG KLJK DPI
UHQFH RI FROLF"

 WVWKHGHYHORSPHQW RIODPLQLWLVY GHSHQGHQW RQ VWUHVYV L(
'RHVY KRW KXPLG RUFROG ZHDWKHU ZRUVHQ RULQGXFH UHVSLU
'RVNLQ GLVHDVHV RFFXU PRUHLQ SHULRGV RIKHDY\UDLQIDOO

4 TR ZKDW H[WHQW FDQ WKH 'XWFK ZHDWKHU EH XVHG WR SUHGL

FROLF"
ODPLQLWLV"
UHVSLUDWRU\ GLVHDVH"

® M m O

VNLQ GLVHDVH"



0$7(5,$/6$1'0(7+2'6

7TKLVVHFWLRQVWDUWYV ZLWKDQH[WHQVLYHRYHUYLHZRIWKHWZR C
7KHGDWD VHWYV XVHG IRUWKLVY UHVHDUFK DUH WKHPHGLFDO GDWD
GHVFULSWLRQV RI WKHFRQVXOWY DQG WKH ZHDWKHU GDWD RI ZHI
7KLV ZLOO EHIROORZHG E\ WKH PHWKRGV XVHG WR DQVZHU WKH UF
WKDW KDYH EHHQ PDGH LQ WKLV UHVHDUFK 7KH PHWKRGRORJ\ LV
WKH UHVHDUFK SUHSDUDWLRQ DQG YLVXDOL]DWLRQ RI WKH GDWD
YDOXHVRQGD\VZLWKDQG ZLWKRXW GLVHDVHDQG SUHGLFWLRQ RI"
ZHDWKHU YDULDEOHYV

8VHG GDWD VHWYV

,Q WKLV VHFWLRQ DQRYHUYLHZ RI WKH GDWD LVJLYHQ ,WH[SODL
XVH RI WKLV VSHFLILF GDWD

9HWHULQDULDQ GDWD

)RUWKLY UHVHDUFK WKHPHGLFDO GDWD RIDQLPDO FOLQLF'HQ +DF
RIDVXPPDU\IRUHDFK FRQVXOW $W WKH FOLQLF WKHVH VXPPDULL
$ FRPELQDWLRQ RI WKH VXPPDULHV RI RQH VSHFLILF KRUVH JLYHV |
KRUVH $00 VXPPDULHV RIDOO KRUVHV FDQ EHFRPELQHG WR SURYL
RIWKH WUHDWPHQWYV

$QLPDO FOLQLF 'HQ +DP ZRUNV ZLWK WKH VRIWZDUH RI 9LYD 9HWHU
FRQGXFW WKLV UHVHDUFK DFFHVV ZDV JUDQWHG WR WKH ZHE DSS
7KLV H[SRUW FRQVLVWV RIWZR VHSDUDWH &69 ILOHV FRQWDLQLQJ
PHGLFDOILOHV 7KHGDWDVKRZQLQWKHZHEDSSOLFDWLRQ GLIIHU
H[SRUW ILOHV 7KH ZHE DSSOLFDWLRQ FRQWDLQV FOLHQWY DQLPI
WKH RZQHUV RI WKH DQLPDOV (DFK RZQHU KDV RQH RUPRUH DQLPEC
ILOH H[LVWYV

$V GHVFULEHG EHORZ WKHUHDUH GLIITHUHQW W\SHV LQ WKH PHGLF
VWUXFWXUHG ZKLOH RWKHUV DUH QRW :LWK WKLV FRPELQDWLRQ
WKH VWUXFWXUHG W\SHVY DQG PDNH WKHP PRUH VSHFLILF XVLQJ Wk
WV\SHV )LUVW WKHGLITHUHQW HQWLWLHYVY LQ WKH GDWD ZLOO EH G|

&OLHQWNK FOLHQW KDV D FOLHQW FRGH FRQVLVWLQJRIWKHILUVW
DQXPEHU )XUWKHU SHUVRQDO LQIRUPDWLRQ LV VDYHG OLNH WK
SKRQH QXPEHU 9LYD DOVR FRQWDLQV ILHOGV IRUELUWKGDWH VR
HWF EXW WKRVHILHOGY RIWHQ DUH EODQN

TKHUH LV QR LQIRUPDWLRQ DYDLODEOH RQ WKH FOLHQWY LQ WKH H
D&OLHQW, LVDYDLODEOH LQ ERWK WDEOHV 7KLV ,"LV QRW WKH VI
WKH ZHE DSSOLFDWLRQ 7KH &OLHQW,'"LVD QXPEHU HQGLQJ ZLWK ¢



J)LIXUH 7TKHLQIRUPDWLRQ RIDKRUVH LQ WKH H[SRU

$QLPDORU WKH DQLPDOV WKH QDPH VSHFLHV WKLV VWXG\ IRFXVEH
ELUWK GDWH VH[ FKLS QXPEHU DQG ZKHWKHU WKH KRUVH LV LQV
IHPDOH VWHULOL]HG RUPDOH FDVWUDWHG WKHGDWHRIWKH SURF
RUEHFRPHV LQDFWLYH WKH FRUUHVSRQGLQJER[FDQ EH FKHFNHG
EHHQWHUHG LQWR WKH V\VWHP )LJXUH VKRZV WKH LQIRUPDWLR
ILOH

,QWKHDQLPDO HISRUW ILOH DOO LQIRUPDWLRQ GHVFULEHG DERY'I
DQ $QLPDO," 7KLV ," FRQVLVWV RI D QXPEHU IROORZHG E\', $0OVR
DYDLODEOH 7KLV JLYHV WKH SRVVLELOLW\WRJURXS DQLPDOV RIV

OHGLFDO HM@MDPQLPDOV KDYH D PHGLFDO ILOH ,Q WKLV ILOH DQ R
JLYHQ 7KHILUVW GDWHLQ WKHPHGLFDO ILOHV LV 7KH ILOI
IURP WKH WKRI-DQXDU\ EXWWKDW RQO\UHDGYV "2SJHQRPHQ LQ
WR DGGHG WR WKLV ILOH"

7KH PHGLFDO ILOH FRQWDLQV WKH FROXPQV GDWH W\SH GHVFULS
FRQGXFWHG WKH FRQVXOW )RU KRUVHV W\SHV DUH XVHG LQ WKF
WH[W DQG ODE UHVXOWV )LIJXUH VKRZVWKHPHGLFDO ILOH RIRC
DQG WKH H[SRUW ILOH 7KLV KRUVH KDV EHHQ LQ WKH FOLQLF RQFH
WUHDWHG E\ YHWHULQDULDQ &: 7KHKRUVH KDV KDG SURGXFWV WZ



J)LIXUH 7TKHPHGLFDOILOHRIDKRUVH DVVKRZQLQWKHZHEDSS
ERWWRP

DQG WUHDWPHQW VL[[ UD\WDQGJHQHUDO H[DPLQDWLRQ 7KHUHL
NQRZ WKH UHDVRQ RU WKH RXWFRPH $V VKRZQLQ ILJXUH WKHO
GLIITHUV VOLJKWO\IURP WKDW RI WKH ZHE DSSOLFDWLRQ WRS

)RU VRPH SURGXFWV WKH SKDUPDF\ KDV HQWHUHG WKH VWDQGDU
7KHVH DUH VWDQGDUG ILHOGV OLNH GRVDJH LQGLFDWLRQ ZK\LW F
OLNH VKDNH EHIRUH XVH RU GRSLQJ DQG WKH ZDLWLQJ WLPH EHW
IRUFRQVXPSWLRQ 7KLV VWDQGDUG LQIRUPDWLRQLV QRW LQFOXG
,Q VRPHFDVHV D YHWHULQDULDQ DGGHG VRPHDGGLWLRQDO LQIRU
PDWLRQLV VWRUHG DV WH[WLQ ERWK WKHH[SRUW ILOHDQG WKH ZF
ZULWWHQ WH[W 2IWHQ DW OHDVW ZKHQ WKH KRUVH VKRZV GLVFRP
PHDVXUHG DQG LV WKHQ JLYHQ LQ WKH WH[W PDLQO\LQGLFDWHG
7KH WH[W LV YHU\ GHVFULSWLYH RI WKH VIPSWRPV DQG RU WKH IR(
WKH FRQFOXVLRQ RUGLDJQRVLV LV PLVVLQJ )LIJXUH VKRZV WKU
KRUVHV DVJLYHQLQWKHZHEDSSOLFDWLRQ WRS DQG WKH H[SRU\
DUHLQGLFDWHG LQ WKH FROXPQ '6RRUW’~ VSHFLHV ZLWKD 7 RWKF
D 3

6RPH WH[W W\SHV LQGLFDWH WKH UHVXOWYVY Rl WKH IDHFDO WHVW
VRPHWKLQJOLNH XLWVODJPHVWRQGHU]JRHN ~ UHVXOWV IDHFDO V



J)LIXUH 7TKUHH WH[WV DV VKRZQ LQ WKH H[SRUW ILC

JLIXUH 7TKUHH UHVXOWY RIIDHFDO WHVWYV DV VKRZQ LQ

HJJVZHUH IRXQG ,IZRUPHJIJVDUHIRXQG WKHVSHFLHV RIZRUPLYV.
HVVDU\WR GHWHUPLQH ZKDW W\SHRIGHZRUPHU PXVW EH SUHVFULE
WKH IDHFHV 6LQFH -XO\ VW RI GHZRUPHUV DUH QRW IUHHO\ DY
%HIRUH WKLY GDWH KRUVHRZQHUV GHZRUPHG WKHLU KRUVH ZLWK
LQIHFWLRQ DQG ZKDW ZRUPV ZHUH SUHVHQW LQVLGH WKH KRUVH 7
IRXQGLQ KRUVHV 7RSUHYHQW IXUWKHUUHVLVWDQFHRIZRUPV DJL
RQO\DYDLODEOH YLD YHWHULQDULDQV 7R UHGXFH WKHUHVLVWDQ
IDHFDO WHVW ILUVW WR FKHFN LI GHZRUPLQJ LV QHFHVVDU\DQG LI
XVH &KHFNLQJIRUVDQGLQ WKHIDHFHV LV LPSRUWDQW EHFDXVH V
FDQ FDXVH VDQG FROLF ZKLFKFDQ OHDG WR GHDWK ,IVDQG LV IRX
EHWUHDWHG

%HFDXVHRIWKLVY PRUHIDHFDO HIDPLQDWLRQ UHVXOWYV FDQ EH H[S
RI'VROG GHZRUPHU NLWV VKRXOG ULVH IURP WKLY GDWH RQZDUG DV
RI'IDHFDO WHVWYV 7KH ILUVW WZR VWDUW ZLWK "XLWVODJ PHVWRC
UHVXOWYVY DUH REWDLQHG E\WZR GLIITHUHQW YHWYV /9DQG $2
,QWKH ZHE DSSOLFDWLRQ WKH ODE UHVXOWYV DUH GLVSOD\HG LQ D
WKH VXEVWDQFHV WKDW DUH PHDVXUHG 7KH VHFRQG DQG WKLUG
PD[LPXP YDOXHIRUD QRUPDO EORRG VDPSOHIRUHDFK VXEVWDQFH
PHDVXUHG YDOXHV RI WKH PRVW UHFHQW WHVW || WKH WHVW KDV
YDOXHV RIWKHSUHYLRXV WHVWV DUH VKRZQ LQ WKHIROORZLQJ FR
7KH H[SRUW ILOH GRHV QRW FRQWDLQ WKHDFWXDO UHVXOWYV RI WK
LVGRQH )LJIXUH VKRZY WKH ODE UHVXOWYV RI D KRUVHDV VKRZQ
WKH H[SRUW ILOH ERWWRP

6WDWLVWLFVDQG RYHUYLHZ RI W&MKHWHRWIVHDALW Q GORHU H DUH
$QLPDO,'TV DQG XQLTXH FOLHQW,'fVvV 7DEOH VKRZV WKH QXP
KDYHKDG DFHUWDLQ DPRXQW RI KRUVHV UHJLVWHUHG DW WKH $Q
FOLHQWYV LQ WKH GDWDEDVH WKDW KDYHEHWZHHQ DQG KRUV
'HQ +DP 7KH PD[LPXP DPRXQW RI KRUVHV UHJLVWHUHG XQGHU RQ
ODUJHDPRXQWV RI KRUVHV UHJLVWHUHG DUH SUREDEO\ KRUVH EUF



J)LIXUH /IDE UHVXOWY DV VKRZQ LQ WKH ZHE DSSOLFDWLRQ WR

FOLHQWRUVHV

7DEOH 7KH QXPEHU RI FOLHQWY WKDW KDV D JLYHQ DPRXQW RI K
'"HQ +DP



YLIXUH 'LVWULEXWLRQ RI WKHJHQGHUV LQFOXGLQJ

/JRRNLQJDW WKHQDPHV RIKRUVHYV OHVV WKDQ RIWKHKRUVH
QRW WKH UHDO QDPH Rl WKH KRUVH ,Q VRPH FDVHV WKH QDPH RI \
KRUVH OLNH WKH FRORXU DJH EUHHG JHQGHU RU WKH GLDJQRYV
VSHFLDO FKDUDFWHU DV QDPH WKHUH DUH DOVR QLQH KRUVHV ED¢
LQIRUPDWLRQ 7KHUH LV QR FHUWDLQ ZD\ RI NQRZLQJKRZ PDQ\RI"
WKH RWKHU KRUVHY $ KRUVH ZLWK D YDOLG QDPH PD\DOVR EH HQW
,Q WKH GDWD GLIIHUHQW EUHHGY DUH FRXQWHG 7R UHGXFH GX
ORZHUFDVHDQG WKH ZKLWH VSDFHV DUH UHPRYHG EXW WKHUH DU}
RQH KRUVH LV JLYHQ WKH EUHHG :31 ZKLFK SUREDEO\ QHHGV WR E
+RUVH $QG "QHZ IRUUHVW DQG "QHZ IRUUHVW SRQ\" ERWK H[LVW
OLNHO\ DOVR WKH VDPH EUHHGYV RI WKH KRUVHV LV .:31 )R
LVJIJLYHQ 7KH)ULVLDQ +RUVHLV WKH QH[W PRVW H[LVWLQJEUHHG
FKDUWV RI WKH EUHHGY LQFOXGLQJDQG H[FOXGLQJXQNQRZQ LV J
7KH JHQGHUV RI WKH KRUVHV DUH GLVWULEXWHG DV VKRZQ LQ ILJX
VKRZQ LQFOXGLQJWKHKRUVHVIRUZKLFKWKHJHQGHU LV XQNQRZ(
DQG LV PDOH JHOGLQJDQG VWDOOLRQ FRPELQHG ,I WKHDPR!:
GDWD VHW LV HTXDO WKH XQNQRZQ FRQWDLQV PRUH PDOHV WKDQ |
7KHUH DUH KRUVHV ZLWKRXW D GDWH RI ELUWK 6RPH RI WKRVF
7KLV JLYHV D UDQJH LQ ZKLFK WKH KRUVH PXVW KDYH EHHQ ERUQ
D YHWHULQDULDQ ZKLFK LQGLFDWHYV ZKHQ WKH\ ZHUH DOLYH )LJ
WKH PRQWKV LQ ZKLFK WKH KRUVHV DUH ERUQ $V H[SHFWHG PRV
PRQWKY 7KHPRQWK ZLWK PRVW ELUWKV LV -DQXDU\ 7KLV VHHPV |
DQG 'HFHPEHUDQG )HEUXDU\DUH QRW DV SRSXODU :KHQ WKH GDWH
WKH DJH LV JXHVVHG DQG WKH ILUVW RI -DQXDU\ LV JLYHQ DV VXEV
WKH DJH RI WKH KRUVH LV JXHVVHG DQG WKH KRUVH LV JLYHQ D GDV
WKH ILUVW RI -DQXDU\ $OVR WKH ILUVW RI $SULO 0D\ DQG -XQH DU
D PRUH UHDOLVWLF RYHUYLHZ RI WKH ELUWKY RI KRUVHV LQ ILJXU
PRQWK DUH QRW DGGHG %\ OHDYLQJWKHILUVW RI WKHPRQWK RXW
KRUVHV WKDW DUHERUQRQ WKHILUVWRIDPRQWK WKHUHIRUH HD
DWKLUWLHWK KLJKHU

7KH ILUVW ELUWK GDWH LV 'HFHPEHU DQG WKH \RXQJHVW KRU
GLVWULEXWLRQ RI WKHELUWK GDWHV RI WKH KRUVHV LV JLYHQ LQ V
7KH KRUVHV UHJLVWHUHG DV GHDWK DUH GLVWULEXWHG TXLWH HY
WKH PRQWKYV LQ ZKLFK KRUVHV DUH UHJLVWHUHG DV GHDWK LV VKR



J)LIXUH 'LVWULEXWLRQ RI ELUWKY RYHU WKH PRQWKYV ZLWK WR
RIHDFK PRQWK

DQG ZLWKRXW WKHILUVW GD\RIWKHPRQWK 1RQHRIWKHPRQWKYV YV
WKDQ RWKHUV $0OVR ZKHQ FRPSDULQJWRSDQG ERWWRP WKHUHL
ILIXUH
7KHILUVW KRUVH WKDW LVUHJLVWHUHG WR EHGHDG GLHGRQ )HEL
RQ ODUFK ,Q WRWDO KRUVHV DUH UHJLVWHUHG GHDG LQ Wk
WKH YDULDEOH "2YHUOHGHQ" SDVVHG DzZD\ LVRQHDQG WKH GDWH
IRUWKHGDWHY RIGHDWK FDQ EHIRXQG LQ WKH $SSHQGL[ )LIXUH $
GHDGDUHWKHKRUVHV WKDWDUHHXWKDQL]HG RUH[DPLQHG SRVWI|
FOLQLF'HQ +DP 7KLV LV ZK\RQO\VRIHZ KRUVHV DUH UHJLVWHUHG
,QWKHGDWD KRUVHVKDYHD ELUWKGDWHDQGDGDWHRI GHDWK
DQGDGDWHRIGHDWK WKHDJHLVFDOFXODWHG 7KHVHDJHV RI WK/
JLIXUH $ 7KLV VKRZV WKHROGHVW KRUVH ZDYV DQG WKH PDMRU
DJH RI

KRUVHVY VHHP WR KDYH FRUUHFW FKLS QXPEHUV \HW RQO\ D
RFFXU WLPHVLQ WKHILOH DQG KRUVHV DUH GXSOLFDWHG )RU
7KH SKUDVH "*HHQ FKLSQXPPHU" 1RFKLS QXPEHU LVJLYHQIRU F



J)LIXUH 'LVWULEXWLRQ RI WKHFKLS QXPEHUV DV JLYHQ 9Y&RUUH
WR EH FRUUHFW LQFOXGLQJGXSOLFDWHYV

KRUVHV IRU ZKLFK WKH FKLS QXPEHU VWDUWYV ZLWK “'(" 7KHVH PD\ I
7KH UHVW RI WKH KRUVHY GR KDYH D GLIITHUHQW W\SH RI," OLNH WK
ZLWK VRPH QXPEHU RU MXVW VRPHWKLQJ UDQGRP OLNH "2QEHNH(
DSSO\ ‘ODQHJHSRQ\" ULGLQJSRQ\ RUD YHU\VKRUW QXPEHU $Q
WKH FKLS QXPEHUV LV JLYHQ LQ )LJXUH

‘KHQ ORRNLQJ DW WKH QDPHV RI KRUVHV VRPH KRUVHV KDYH D Q)
QXPEHU DV QDPH RIZKLFK KDYH WKH VDPH QXPEHU VWDWHG DW W
7KH PHGLFDO ILOH FRQVLVWYV RI OLQHV $ FRQVXOW FDQ EH VS|
RI $QLPDO, ' DQG GDWH $QLPDO &OLQLF 'HQ +DP KDV KDG FRQV,
FRQVXOW WDNHV DQ DYHUDJH RI DOPRVW  OLQHV LQ WKH GDWD VF
JURZLQJWKURXJKRXW WKH\HDUV WR RYHU LQ ODVW\HDU 7KHP
EHEXVLHU PRQWKY DW WKH FOLQLF 7KH GLVWULEXWLRQ RI FRQV XC
LQ $SSHQGL[ )LIXUH $

'‘DWD TXDOKWGDWD WKDW LV HQWHUHG LQWR WKH VA\VWHP LV SURE
RI GDWD IURP WKH KRUVHV DQG LW LV XQNQRZQ KRZ PDQ\ RI WKH
ORRNLQJDW LQGLYLGXDO FRQVXOWY WKLV ZLOO QRW EH D SUREO
WKH YHWHULQDULDQ WR PDNH D GLDJQRVLYV +RZHYHU LW GRHV KD
IXOO OLYH VSDQ RI WKHKRUVHV %HFDXVHRIWKHPLVVLQJ YDOXHV
YHU\JRRG 7KH ELJJHVW SUREOHPV ZLWK WKH GDWD DUH WKH LGH(
UHVHDUFK IRFXVHV RQ WKH RFFXUUHQFH RIVSHFLILF GLVHDVHV DQ
KRUVHV WKLV LVQRSUREOHP ,GHQWLI\LQJWKHFRQVXOWY WKDW F
ZLOO EH FKDOOHQJLQJ ZKHQ QR GHVFULSWLYH WH[W LV JLYHQ

"HDWKHU GDWD

7RLQYHVWLIDWH WKH LQIOXHQFH RI WKH ZHDWKHU RQ WKH KHDOW
YHWHULQDULDQ GDWD ZLOO EH PHUJHG )RU WKLV UHVHDUFK WKH I
WHUP LPSDFW RI WKH ZHDWKHU RQ WKH KRUVHV IRU H[DPSOH D YH
ZLQWHU

7KH .10, > @ WKH5R\DO 'XWFK OHWHRURORJLF ,QVWLWXWH SURY L
VWDWLRQVWKURXJKRXWWKH1IHWKHUODQGY RQLWV ZHEVLWH 7KL
VSUHDG RYHU WKH 1HWKHUODQGV $FFRUGLQJWR WKH .10, WKH GD
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