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Project Information

Context and research question

Suppose that we raise the groundwater levels in certain places, thus increasing the soil
moisture content. What impact would that presumably have on the yield of common
agricultural crops in Flanders? This research question is addressed in the PEILIMPACT
project. In order to mitigate the effects of climate change, the Flemish coalition agree-
ment 2019-2024 strongly emphasizes increased resilience to drought, including through
the active deployment of a resilient space with (additional) nature. Agricultural activit-
ies can experience positive effects through the water being buffered in the landscape.
Yet, there are also possible negative effects: if the water level is too high, this could
compromise the ability to work the land, could negatively affect crop growth and in-
crease disease pressure on crops, as well as the availability and leaching of nutrients
to surface and groundwater.

Research methodology

Through targeted dialogue moments with individual farmers from different agricultural
regions in Flanders, we obtain experiential knowledge about the effect of too high or
too low groundwater levels on certain crops. We detect possible obstacles to their
agricultural activity and important effects on yield, both positive and negative, and
their causes. The model must help to determine “sufficiently favorable” groundwater
levels for agriculture given a number of parameters. Simple guide values are too gener-
alistic, because suitable groundwater levels for agriculture depend on the type of soil,
the crop and the depth of the roots, the time of year, and so on. To determine feasible
water level increases for a specific situation, model calculations for a range of different
weather scenarios and for the crops grown in a specific location, is needed. In this
study we determine the effect of groundwater levels in crop yield based on open data
layers in Flanders.
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Relevance

An evaluation framework for the impact of groundwater level increases can be used to
calculate the effect of water management decisions and to link these to compensation
for affected landowners as well as to discuss sustainable solutions with farmers and
nature managers. The framework can also assist farmers in crop selection etc. on a
particular field with its specific soil and meteorological context.

This project was carried out by the Flemish Institute for Agricultural, Fisheries and
Food Research (ILVO) [Diana Estrella, Sarah Garré, Tom De Swaefl i.s.m. KWR Water
Research Institute [Ruud Bartholomeus] and Wageningen University & Research (WUR)
[Martin Mulder, Mirjam Hack-ten Broekel.
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Executive Summary

Diana Estrella, Tom De Swaef, Sarah Garré

Problem Statement

Climate change is causing longer periods of drought, alternating with heavy rainfall.
This has a significant impact on agriculture and its negative effects have already been
observed in the agriculture sector in W-Europe during the dry summers of 2017, 2018,
2019, 2020, and 2022, and this will most probably continue in the future. The Flem-
ish coalition agreement 2019-2024 focuses on proactive measures to cope with the
effects of climate change. It places a strong emphasis on increasing our resilience to
drought through the creation of additional wet nature or restoration/remediation of
drained wetlands to promote infiltration and water storage. This means that farm-
ers and policy-makers do not only need to adapt to an increased occurrence
of droughts, but probably also to the impacts of excessive soil water (too wet
conditions) in agricultural areas close to restored wetlands. However, little in-
formation is available to estimate the impact of high groundwater tables on agriculture
due to the implementation of these adaptation measures.

In this study, we developed a modeling framework to estimate the impact of
groundwater levels on the yield of conventional crops in Flanders. The joint
model SWAP-WOFOST, behind the Dutch initiative WaterVision Agriculture, was used to
simulate the crop yield and yield reduction due to drought (too dry) and oxygen stress
(too wet), for five main crops in Flanders: grass, silage maize, potato, winter
wheat, and sugar beet using historical data. This model also allows us to include
the effect of restrictions in normal agricultural practices due to too-wet or too-cold
conditions, called indirect effects. Too-wet conditions in the root zone begin when
crops start experiencing oxygen stress, that is when oxygen availability is lower than
the oxygen demand of plant roots.

Freely available (online or on-demand) datasets and maps for the entire Flanders re-
gion were used, obtained from Flemish institutions or previous projects. We compiled
and used a database with experimental yield observations in Flanders to evaluate the
performance of the model under Flemish conditions. We also wrote three literature
review chapters on the effects of groundwater on agricultural practices, the effect of
shallow water tables and rewetting on nutrient mobility, and the potential of paludi-
culture in Flanders. Finally, the model was applied to the agricultural area around De
Zegge-Mosselgoren, near Geel.

Important
The model itself can be downloaded at: UUDUUOOUCOO0OOOOOOO00DOR0ODLODOD0OR0DM,
Please note: as indicated in this report, there are still a number of points for
improvement. Users of the current version should be aware of the uncertainties of
the underlying data layers and yield simulations.
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http://www.waterwijzer.nl/
https://github.com/ILVO-PEILIMPACT

6HVXOWY 1RGHO 7LPXODWLRQV ZLWK WKH 4)-0-1
IUDPHZRUN

6HJLRQDO

%W WKH UHJLWRQBQAQLOKWGHODULDELOLW)\ LV KLIJKO\ LQ[XHQFHG E
ZHDWKHU YDULDELOLW\ VRLO KHWHURURXRHLIW\ DI QHGF VD WLHOWD WH.
PDLIH SRWDWR DQG VXJDUEHHW\LHOGYV PRUH WKDQ ZHW FRQG
DQG ORDP\VRLOV W\SLFDOO\KDYH KLIKHU\LHOGYV WKDQ FOD\H\
DEOHIRUURRWJURZWKRDKCDOREWHKRYYRZIDWHU OHYHOV QHJDWL
\LHOG LQ ZHW \HDUV EXW FURSV FDQ EHQHZXWWURPWKKHRHQGU\
GHFUHDVHYVY ZLWK GHHSHU ZDWHU WDEOHY LW DOVR GHFUHDVH
VKDOORZ (HHSHU ZDWHU WDEOHV UHVXOW LQ KLIJIKHU \LHOGV L
DWLRQ FRPSHQVDWHY IRUWKH ORZ JURXQGZDWHU FRQWULEXW
8KHH[WHQW RI WKLV HITHFW GHSHQGV RQ WKH VRLO WH[WXUH D

40DXVLELOLW\ FKHFEN

8KHUHVXOWY RIWKHSODXVLELOLW\ FKH¥FRNHRFXMKWHHRR/G PR GHHD R C
LVDEOHWRGHVFULEHWKHJHQHUDO PXOWL DQ®&EXKVOLWHHQGV L
PDQ\ OLPLWDWLRQV LQ WKH LQSXW GDWED/RQBWHR G B O XWH WV DO HY
VRPHWLPHV XQGHUHWSMHIFRDWBEGELQ VXIJDU EHHW ZKHUH DQ LPSU
EDVHDQG RUWDUJHWHG YHOG H[SHULPHQWYV WR FDOLEUDWH D
WR JHW PRUH DFFXUDWH UHVXOWYV

'DVH VWXG\

-Q WKH FDVH VWXG\ (H >HJJH 1RVVHOJRUHQ VKDOORZ JURXQGZ
GXFWLRQ LQ GU\\HDUV EXW FDXVH R[\JHQ VWUHVV LQ ZHW \HD
FDXVHG E\WRR GU\RUWRR ZHW FRQGLWLRQV DQGE\LQGLUHF\

IRU JUDVV DQG VLODJH PDL]JH 9QGHU WKH FXUUHQW VLWXD\
VSHFLYFDOO\ JURXQGZDWHU OHYHO FRQWURO LQ WKH DUHD DU
DFWLYLWLHV LQ GU\\HDUV EXW DOUHDG\ FDXVH UHVWULFWLRC
VWUHVV LV WKH PDLQ FDXVH RI \ L HDGEDUIDGIGFRMRLQRRD XY MRQW DIUM
LPSDFW RI ULVLQJ JURXQGZDWHU OHYHOV GXH WR UHZHWWLQJ
FDQQRW \HWEHJLYHQ VLQFHJURXQGZDWHU VFHQDULRYV ZHUH ¢
SURMHFW GXUDWLRQ

1DLQ SRLQWYV OLWHUDWXUH UHYLHZ

'XOWLYDWLRQ IDFWRUV

(XULQJGURXJKWY VKDOORZJURXQGZDWHUOHYHOVEHQHYW FU
WKURXJKFDSLOODU\ULVH ,RZHYHU QHJDWLYHHIIHFWV RQ FUR
PRVW RI WKH DUDEOH FURSY DUH VHQVLWLYH WR R[\JHQ VWUHYV
WR ZHHG GLVHDVH DQG SHVW SUROLIHUDWLRQ 8RR VKDOORZ
WKH DJULFXOWXUDO SUDFWLFHV LQYROYLQJ PDFKLQHU\ EHFD



FDSDFLW\ 7RLO WH[WXUH SOD\V D UROH EHFDXVH VRLO ZDWHU |
ZDWHU ZRZ WKURXJK WKH URRW ]J]RQH

2XWULHQW PRELOLVDWLRQ

,LIJIKHU JURXQGZDWHU OHYHOV OHDG WR LQVXaFLHQW R[\JHQ L
FKDQJHV LWV SK\VLFDODQG HOHFWURFKHPLFDO FKDUDFWHULYV
VRUEHG SKRVSKRUXVDQGRUJDQLFFDUERQVXEVWDQFHVDUHPF
WR VXUIDFH ZDWHUV 8KLV ZLOO GHSHQG RQ WKH SKRVSKRURXYV
LQJRIVROXEOH QLWURJHQ LV W\SLFDOO\ORZHUDQG PRVWO\ OF
LQ WKH VRLO

HW IDUPLQJ DQG 4DOXGLFXOWXUH

4DOXGLFXOWXUH FDQ EH XVHG DVDQ DOWHUQDWLYH WR FRQYH(
UHZHWWLQJ SURMHFWYV DUH UHTXLUHG 8KHVH FURSV FDQ JXDU
IRUYDULRXV LQGXVWULDO SXUSRVHVDQG FDQDOVRIRUP D WUL
DQG ZHW QDWXUH DQG DOVR SURYLGH ZDWHU SXULYFDWLRQ DC
/IQRZOHGJH RI FXOWLYDWLRQ SUDFWLFHV DQG DGDSWHG PDFK
SRUWXQLWLHV DUH FUXFLDO WR HQFRXUDJH IDUPHUY WR PDNH I
-Q*ODQGHUV SDOXGLFXOWXUHLVQRWZHOONQRZQDQGPRUHU
WR GHWHUPLQH ZKLFK SDOXGLFURSY DUH PRUH VXLWDEOH IRUV
8KHVPDOO VFDOHDJULFXOWXUDODUHDV LQ*ODQGHUV FDQ EH
WR EHFRPH SURYWDEOHDWLQGXVWULDO OHYHOV SURFHVVLQJ
VXLWDEOH

'RQFOXVLRQV DQG 6HFRPPHQGDWLRQV

+URXQGZDWHU OHYHOV KDYH DQ LPSRUWDQW LQGLUHFW HIIHF'
VWUHVV ZKHQ WKH\ DUH WRR VKDOORZ ,RZHYHU WKH FRSWLPD
DOO\ ZLWK YDULDELOLW\ LQWURGXFHG E\ FURSVY VRLOV JURX(
8KHVH WKUHVKROGV FDQ EHDVVHVVHGLQD FRQWH[W VSHFLYF.
GHYHORSHG LQ WKLV VWXG\ ,RZHYHU WKHUH LV URRPIRULPSU
UHVHDUFK FRPPXQLW\RQ WKLV IUDPHZRUN ZRXOG HQDEOH WKH
DQG UREXVW UHVXOWY -PSURYHPHQWVLQFOXGH XSGDWLQJFU
JURXQGZDWHU OHYHO G\QDPLFV ZKHQ UHOHYDQW LQIRUPDWLR
HULQJDGGLWLRQDO \LHOG GDWD IURP IDUPHU YHOGV RU WDUJF
FDOLEUDWLRQ DQG YDOLGDWLRQ -Q WKH VWXG\ FDVH (H >HJJ}F
UHZHWWLQJ VFHQDULRVY LQ WKH QDWXUH UHVHUYHV RQ WKH DJ|
VHVVHG RQFHWKHVHVFHQDULRVDUHDYDLODEOH 8KHUHTXLUF
+LWKXNETDh,ff;Bi?m#X+QKfAGOP@S1AGAJS *hfKQ/2Hnmb2 bn; QrBN



4DUW -

" QWURGXFWLROQ



(LDQD )VWUHOOD 8RP (H7ZDHI 7DUDK +DUUZ

AUHFLSLWDWLRQ DQG WHPSHUDWXUH DUH WKH PRVW LPSRUW
DJULFXOWXUDO SURGXFWLRQ 'RPELQHG HIIHFWV RI OHVV SUHF
WUHPH HYHQWYVY KLJKHU WHPSH U DRRQUHN VQJ® W WR R Y SKIHIKLOR '3
HQFHV FURS \LHOG ?)XURSHDQ )QYLURQPHQW %JHQF\ A 'O
DJULFXOWXUDO FRQGLWLRQV ZLOO LPSURYHLQ VRPH UHJLRQV
GXFWLYLW\ ZLOO KDOI LQ VRXWKHUQ )XURSH E\ HVSHFLDO«
ZKHDW FRUQDQG VXJDUEHHW ?(H6LGGHU HW DO A 9QLTXH
FDXVHG VHYHUH FURS\LHOG UHGXFWLRQV XSWR GXHWRGU\F
ZKLOH H[FHVV UDLQIDOO LQ VRXWKHUQ )XURSH SURGXFHG XS WF
ZLWK WKH SUHYLRXV \HDU DYHUDJH ?8RUHWL HW DO A %F
8XLQERXZEHGULMYHQ LQ &HOJLXP WKH GURXJKW LQ VSULQJ V
UHGXFWLRQVLQLPSRUWDQW FURSY FRPSDUHG WR WKH SUHYLR
LQ JUDLQ PDL]H DQG LQ VXJDU EHHW -Q FRQWUDVW \LHOG
ZKHDW VSHOW DQG WULWLFDOH ZHUH FDXV
7LQFH FOLPDWH FKDQJH VFHQDULRYV SRLQW WRZDUGV DQ LQFUH
DWXUH H[WUHPHV WKHUHLV D FDOO IRUXUJHQW DGDSWDWLRQ
DQG ZDWHU UHVRXUFHV PDQDJHPHQW DW ODQGVFDSH VFDOH ?8

8KH )XURSHDQ %JULFXOWXUDO 4ROLF\ ?2)XURSHDQ )QY
SURSRVHV GLIIHUHQW DGDSWDWLRQ PHDVXUHV DW QDWLRQDO
ZLWK WKH HITHFWV Rl 'OLPDWH 'KDQJH *ORRG DQG GURXJKW PD

LVRODWHG DQG WKXV QHHG WR EH LQWHJUDWHG &UHVVHUV HW
LQ WHPSRUDU\ RU SHUPDQHQW LQFUHDVHV RI WKH ZDWHU WDE
FXUUHQWO\ XVHG E\ DJULFXOWXUH 7WUDWHJILHY LQFOXGH WK
DJULFXOWXUDO YHOGV RU ODQG XVH FKDQJH RI WKRVH YHOGV W
ZRRGLQJ 3WKHU VWUDWHJILHYVY LQYROYH UHVWRUDWLRQ DQG V}
SHDWODQGVY E\VWRSSLQJDJULFXOWXUDO DFWLYLWLHYV SHDW |
HW DO A (UDLQDJH RI ZHWODQGV IRU FLWLHY DQG LQWHQV
LPSRUWDQW LQFUHDVH LQ DJULFXOWXUDO ODQG EXW DOVR WR
H[DPSOH R[LGDWLRQ DQG VXEVLGHQFH Rl SHDW VRLO FRQYHU
FDUERQ GLR[LGH HPLWWHUV DQG ZRRG SURQH DUHDV ?:HUKRHY
GHFDGH RI FRQVHUYDWLRQ SROLFLHV IRU WKH ZLVH XVH R
WK H 6DPVDU 'RQYHQWLRQ ?)XURSHDQ 'RPPLVVLRQ A DQC
UHFRYHU\ SURJUDPV H[LVWV LQ 8KH 2HWKHUODQGV 8KHO9 / (HC
RWKHU )XURSHDQ FRXQWULHV ?2:HUKRHYHQ A 8KH 'DUH 4HD
OLIH4HDW 6HVWRUH SURJUDPV DUH VRPH )XURSHDQ H[DPSOHV ?

6HZHWWLQJ DQG UHVWRULQJ ZHWODQGY SURYLGH PDQ\ VHUY
VXSSO\ JURXQGZDWHU UHF\FOH '3 Y[DWLRQ DQG VWRUDJH Dt
OLIH ?:HUKRHYHQ 'RPPLVVLRQ A &HQHYWV WR DJULFXC
IRULUULJDWLRQ ZDWHU WDEOH VWDELOLW\DQG QXWULHQW Ut



EXIITHU FDSDFLW\ DJDLQVW ZRRGLQJ DQG GURXJKW FUXFLDO S|
PDWHFKDQJH 7RPHGLVDGYDQWDJHV IRUDJULFXOWXUHFRXOG
GXHWR H[FHVV VRLO PRLVWXUH RUZDWHUORJJLQJ GLUHFW HIII
DQG LQFUHDVH GLVHDVH SUHVVXUH LQGLUHFW HIIHFWYV

8KH *OHPLVK FRDOLWLRQ DJUHHPHQW IRFXVHVY RQ SUH
PHDVXUHV DQG SODFHV D VWURQJ HPSKDVLY RQ LQFUHDVLQJ |
FOXGLQJ WKH DFWLYH XVHRI D UHVLOLHQW VSDFH ZLWK H[WUI
Rl FOLPDWH FKDQJH 8KH &0OXH (HDO SODQ DLPV WR FUHDWH D
VWRUH UHPHGLDWH GUDLQHG ZHWODQGV WR SURPRWH LQYOWU

ORFDWLRQVLQ *ODQGHUV 8KLV PHDQV WKDW IDUPHUV DQG S|
WR DGDSW WR DQ LQFUHDVHG RFFXUUHQFH RI GURXJKWY EXW &
H[FHVVLYH VRLO ZDWHU ,RZHYHU OLWWOH LQIRUPDWLRQ LV D)
VKDOORZ JURXQGZDWHU OHYHOV RQ DJULFXOWXUH GXH WR WK
DWLRQ PHDVXUHYV

SEMHFWLYHYV

8KH PDLQ REMHFWLYH RI WKLV UHVHDUFK LV WR GHWHUPLQH WHEK
RQ WKH\LHOG RI FRPPRQ FURSV LQ *ODQGHUV 7SHFLYF REMHFV

A4HUIRUP D VA\VWHPDWLF OLWHUDWXUH UHYLHZ RQ LPSDFW H"
ULFXOWXUH DQG VRLO HOHFWURFKHPLFDO SURFHVVHV DV Z}
FRQGLWLRQV

(HYHORS D PRGHOOLQJIUDPHZRUN XVLQJWKHPRGHO 7;%4 ;3
LVK FRQGLWLRQV WR HYDOXDWH TXDQWLWDWLYHO\ WKH LF
PRVW FRPPRQ FURSV LQ *ODQGHUV

%SSO\WKH PRGHO IUDPHZRUN LQ WKH FDVH VWXG\ E(H >HJJF

4HUIRP D SODXVLELOLW\ FKHFN RI WKHPRGHO WR HYDOXDW
DEOH UHVXOWYV LQ WKH *OHPLVK FRQWHI[W

1DNH WKH PRGHO IUHHO\DYDLODEOHDQG GRFXPHQWHG IRU



) 'RPPLVVLRQ (LUHFWRUDWH +HQHUDO IRUWKH)QYLURQPHQW
2iiTh,ff/ i X2m QT X2mf/QBfRyXkddNfkk39y

% (HOD ,D\H ' (HYHUHX[ DQG 7 ,HUN 4HDWODQGV DFURVYV )
-QVSLUDWLRQ _ WHFKUHSRUW &D[ 'RPBDRYfr&DUFHORQD
/2+ /[2QM 2biQ  iBQMXQ ;f2biAMQ/QEDEONDFFHVVHG A

/ (HBLGGHU / 'RXGHUZ? 1 (HSRRUWHU - OLHNHQV < 4RXUULD
/ :HUKDHJHQ DQG, ;RXWHUV )YDOXDWLRQ 3*8,)73'-3 )'3231
1%8)',%2+) -2 &)0+-91 *LQDO 6HSRUW WHFKUHSRUW

)XURSHDQ 'RPPLVVLRQ 0-*)DQG )XURSHCV ZHWODQGV UHVWRU
DWLRQV 3aFH 09?iiThg60i X2m QT X2mf/QBfRyXRBONTfkk39y
OLQH DFFHVVHG A

)XURSHDQ )OQOYLURQPHQW %JHQF\ 'OLPDWH FKDQJH DGDSWDWL
LQ )XURSH 4XEOLFDWLRQV?3&FHff0% X2m @B X2mf/QBfRyX
k3yyf8jdR@8QOLQH DFFHVVHG A

% 8RUHWL % &HOZDUG - 4HUH] (RPLQJXH] + 2DXPDQ

3 'URQLH 0 7HJXLQL + 1DQIURQ 6 ORSH] OR]JDQR &

* (HQWHQHU % 'HJODU 8 'KDW]JRSRXORV DQG 1 >DPSLH
)XURSHDQ ;DWHU 7HHVDZ 'DOOV IRU %FWLRQ RQ %GDS\

W X UH @ -772 GRL ) *
2iiTh,ffQMHBM2HB#  "VXrBH2vX+QKf/QBf #bfRYRRBIKNIRWRN L6y Y|
KWWSV RQOLQHOLEUDU\ ZLOH\ FRP GRL SGI ) *

. 'HUKRHYHQ ;HWODQGV LQ )XURSH 4HUVSHFWLYHV IRU UHVWI
ORJLFDO )QJLQHHULQJ @ GRL ?IMBHFROHQJ
ff/IQBXQ ;fRYXRyRefDX2+QH2M;XkyRjXyjXyye

. 'HUKRHYHQ DQG8 7THWWHU %JULFXOWXUDO XVHRIZHWODQG
%QQDOV RI &RWDOQ\ @ GRL?iiTbh,ffDREXPFS 96 (
Q ;fRyXRyNjf Q#fK+TRdk



(LDQD )VWUHOOD 6XXG &DUWKRORPHXV 8KLMV :DQGHQ 2HVW 7
%EVWUDFW

1DQ\DUHDV ZRUOGZLGH DUH ORRNLQJLQWR UHZHWWLQJ QDWXL
WKH VXUURXQGLQJDJULFXOWXUDO ODQG 6LVLQJJIJURXQGZDWH
WXUH LQ WKHURRW]JRQH (LUHFW QHJDWLYHHIIHFWV RIH[FHVYV
UHGXFWLRQ DQG GDPDJH RI URRWV GXH WR R[\JHQ VWUHVV ZL)\
7TRPHSHUHQQLDO JUDVVHV KDYH KLIKWROHUDQFH WR VDWXUDYV
DEOH FURSV WKDQNV DHUHQFK\PD IRUPDWLRQ URRW SRURVLW\
RU E\ URRWLQJ VKDOORZO\ ;LQWHU ZKHDW LV DEOH WR GHYHC
GXULQIJWUDQVLHQW ZDWHUORJJLQJ ZKLOH SRWDWRHV DQG PD
WR ERWKWRR GU\DQG WRR ZHW FRQGLWLRQV -W LV HVWLPDWH
ZRUOGZLGHGXHWR ZDWHUORJIJLQJLQDUDEOHF FURSV )YHQ LI\I
WKH TXDOLW\ FDQ EH KLIJIKO\ FRPSURPLVHG

JIFHVV VRLO PRLVWXUH DOVR KDV LQGLUHFW XQIDYRUDEOH HI
(HFUHDVH RI ZRUNDELOLW\DQG WUDaFDELOLW\RI WKH VRLO DU
IDUPHUVY VLOFHERWKDUHHVVHQWLDO IRURSWLPDO SODQWLQJ
DQG bUH ODUJHO\ OLPLWHG E\ VRLO PRLVWXUH FRQGLWLRQV ;
DQG WKH VRLO VWUXFWXUH LV PRUH YXOQHUDEOH WR GDPDJH L
OLYHVWRFN %QRWKHU PDMRU FRQFHUQ LV VRZLQJDQG KDUYHYV
LQZHW VRLOV FDXVH GHOD\ RI WKH JHUPLQDWLRQ SURFHVV DQ
VRLOV ZLWK ORZ EHDULQJ FDSDFLW\ ,DUYHVWLQJ GHOD\LQ JU
IRGGHU VLQFH SURWHLQ FRQWHQW ORZHUV DQG YEHU FRQWHQYV
DSSHDULQVLGH WKHURRW]RQH ZKHUHDQDHURELF FRQGLWLRC
RI'VRLO HOHPHQWY DQG VRLO PLFUR RUJDQLVPV FRPSHWH ZLW
R[\JHQ DQG OLPLW WKH XSWDNH RI FHUWDLQ QXWULHQWYV ;HH
GLVHDVHV FDQ EH SUREOHPDWLF XQGHU H[FHVV UDLQIDOO

/H\ SRLQWYV
(XULQJ GURXJKWY VKDOORZ JURXQGZDWHU OHYHOV EHQHYW
PRLVWXUH WKURXJK FDSLOODU\ULVH ,RZHYHU QHJDWLYH HII
DULVH EHFDXVH PRVW RI WKH DUDEOH FURSV DUH VHQVLWLYH V
GLWLRQV PD\OHDG WR ZHHG GLVHDVHDQG SHVW SUROLIHUDW
OHYHOV DOVR DIIHFW WKH DJULFXOWXUDO SUDFWLFHV LQYRO
KDYH OHVV FDUU\LQJ FDSDFLW\ 7RLO WH[WXUH SlOD\V D UROH
FKDUDFWHULVWLFV UHJXODWH ZDWHU ZRZ WKURXJK WKH URRYV




" QWURGXFWLRQ

6HZHWWLQJ QDWXUDO DUHDV KDV FRQVHTXHQFHV IRU WKH VXU.L
LQJ GURXJKWY FURSV EHQHYW IURP D VKDOORZ ZDWHU WDEOH
YHQWDJULFXOWXUDO GURXJKW +URXQGZDWHUIXQFWLRQV DV I
WKURXJK FDSLOODU\ULVH ZKLFKFDQ FRQWULEXWH XS WR R
?0LX HW DO X HW DO A (HHS URRWHG FURSV FDQ DFF|
KHOSLQJ WR DOOHYLDWH GURXJKW VWUHVY DOWKRXJK LW GR
WKH UHGXFHG WRSVRLO ZDWHU XSWDNH ?6DVPXVVHQ HW DO
WKHUHIRUH DOOHYLDWH GURXJKW VWUHVYV EXW SUREDEO\ QRW
WRR ZHW FRQGLWLRQV UHGXFHV FURS\LHOG GXH WR D ODFN RI |
FDXVHV D GHFUHDVH LQ FURS WUDQVSLUDWLRQ ?&DUWKRORPH X
VRLO PRLVWXUH KDPSHUV WKH DFFHVVLELOLW\ RI WKH YHOG IR
VSUD\LQJ KDUYHVWLQJ DQG PD\LQFUHDVH GLVHDVH SUHVVXU
ODFN RI R[\JHQ LQ QHDU VDWXUDWHG VRLO DOVR DIIHFWV QX
ZKLFK LQ WXUQ PD\LPSDFW QXWULHQW DYDLODELOLW\DQG OHI
3[\JHQ VWUHVYV FDXVHV PRUH VHYHUH GDPDJH LQ FURS SK\VLROT
WKH DFWXDO \LHOG LV GUDVWLFDOO\ UHGXFHG ZLWK SURORQJ}
LVOHVV VXFFHVVIXO ?7RMND HW DO A

-PSRUWDQW
ESBRR ZHWF FRQGLWLRQV LQ WKH URRW ]JRQHGXH WR ULVLQJ JUF
FURSV VWDUW H[SHULHQFLQJ R[\JHQ VWUHVV WKDW LV ZKHQ
WKDQ WKHR[\JHQ GHPDQG RI SODQW URRWYV ?&8DUWKRORPHXYV F
HWDO A 'ULWLFDOWKUHVKROGVIRUR[\JHQ DQG ZDWHU V
EHFDXVHVHYHUDO IDFWRUVDUHLQYROYHG 8KHWKUHVKROG I
DW ZKLFK R[\JHQ VWUHVV RFFXUV GHSHQGV RQ VRLO W\SH VRL
WHULVWLFV DQG GHYHORSPHQW VWDJH DQG GHSWK EHORZ W/
HW DO A % FULWLFDO YDOXH RI YUVWO\LQWURGXFHG
y HYVVHOLQJ HW DO ? A KDV EHHQ IUHTXHQWO\ XVHG ;HVVH
UDQJHV IRU PLQLPXP JDV YOOHG SRURVLW\ DW WKH ERWWRP F
FURSYV 8DEOH DVZHOODV DSSUR[LPDWHJDV YOOHG SRURYV
VRLOV 8DEOH -WFDQ EH VHHQ WKDW IRU PRVW RI WKH FU
H[SHULHQFHG DWJDV YOOHG SRURVLWLHV KLIKHU WKDQ -V
YDOXHVGRQRWWDNHH J WHPSHUDWXUHHIIHFWY LQWR DFFR/
VWDWHG WKDW IRUJUDVVODQG LV WRR KLJK JRU FOD\H\ VF
XUHVY DQGLQIJHQHUDO RYHUHVWLPDWHYV WKHPLQLPXPJDV YC
HW DO ? ADSSOLHG LWDW WKHERWWRPHQG RIWKHURRW ]I
LV KLIKHU WKDQ LQ WKH XSSHU SDUW *RU RWKHU FURS FKDUD
ZLOO GLIIHU

i LWK FRQWLQXRXVO\LQFUHDVH RIVRLO PRLVWXUHLQ WKH URF
-Q VDWXUDWHG VRLOV DOO WKH SRUHV DUH YOOHG ZLWK ZDWH
ZDWHU LV W\SLFDOO\ DURXQG ?1RRUH HW DO A -Q WKH &
DFWLYLW\DQG SHUVLVWHQW H[FHVV ZDWHU WKH UHPDLQLQJ R
WRZDWHUORJIJHG FRQGLWLRQV ES8RRZHWFFRQGLWLRQV UHIHU
R[\JHQ VWUHVVY VWDUWYV WDNLQJ SODFH XS WR PRUH H[WUHPH F



SDEOHLLQLPXP JDV YOOHG SRURVLW\LQ WKH URRW JRQH IRU VRF

'"URS +DV YOOHG SRURVLW\
+UDVYV

i KHDW 3DWYV
&DUOH\
7XJDU EHHW

S8DEOH+DV YOOHG SRURVLW\DW YHOG FDSDFLW\ S* RI' YDULF
A

7TRLO WH[WXUH +DV YOOHG SRURVLW\

7LOW ORDP

"OD\

ORDP

7TDQG\FOD\ORDP

ZRRGLQJ

)IIHFWV RI WRR ZHW FRQGLWLRQV LQ FURSY FDQEH FODVVLYH
LQIJWRWKHPHWKRGRORJ\LQFRUSRUDWHG LQ ;DWHU:LVLRQ %JU
,DFN WHQ &URHNH HW DO A (LUHFW HIIHFWV DUH UHODW
WR LQVXaFLHQW R[\JHQ IRU SODQW UHVSLUDWLRQ DQG RFFXU Z
GLUHFW HIIHFWV DOVR UHGXFLQJ\LHOGV RFFXULQ DQG RXW)
UHODWHG WR RWKHU DVSHFWV OLNH ZRUNDELOLW\ VRZLQJGHO
QHUDELOLW\ WR SHVWV *LJXUH JLYHV DQG RYHUYLHZ RI WK
WKHUHIRUH GHVFULEH WKH GLUHFW DQG LQGLUHFW HIIHFWV RI
JURXQGZDWHU OHYHOV RQ FURS\LHOG DQG DJULFXOWXUDO SUL

*LIXUHLUHFW DQG LQGLUHFW HIIHFWV RI LQFUHDVLQJ JURXQGZ
SURGXFWLRQDQG YHOG PDQDJHPHQW ?,DFN WHQ &URHN



(LUHFW HIIHFWYV

3[\JHQ DYDLODELOLW\LQ WKH URRW JRQH GHSHQGV RQ WKH SK\\
PLFURELDO DFWLYLW\ ZKLFKLQ WXUQ GHSHQGV RQ WHPSHUDW)>
GHPDQG YDULHV DFFRUGLQJ SODQW SK\VLRORJ\ QDPHO\ FURS \
URRW GLVWULEXWLRQ ?+OLOVNLDQG 7TWESQLHZVNL A -Q VX
WDLQ VXaFLHQW R[\JHQ IRUWKHLU UHVSLUDWLRQ GLUHFWO\ |UI
,RZHYHU ZKHQ VRLO EHFRPHV ZHWWHU DLULQ WKH VRLO SRUHV
WHUDQG HQHUJ\VXSSO\IRUSODQW PHWDEROLVP LV UHGXFHG
SODQW JURZWK E\OLPLWLQJURRW UHVSLUDWLRQ ?&DUWKRORP]
FDQEHFRQVWUDLQHG RUVWRS HDUOLHU XQGHU VXFK FRQGLWL
DQG QXWULHQW WUDQVSRUW WR WKH XSSHU SODQW RUJDQV OH

WKXV OHVV\LHOG ?/DKORZQ HW DO -UPDNDQG 6DWKMH
UHGXFWLRQ LQ OHDI FKORURSK\OO FRQWHQW DQG VWRPDWDO F
DQG 'WUDQVSRUW ?1DQLN HW DO &DUWKRORPHXV HW DO

6HODWLRQVKLS EHWZHHQ JURXQGZDWHU DQG \LHOG

=LHOG UHGXFWLRQ DW VKDOORZ ZDWHU WDEOHYV DUH GXH WR (
ZKLOH DW ORZHU ZDWHU WDEOHV \LHOG GHFUHDVH LV FDXVHG
DFWLRQV EHWZHHQ JURXQGZDWHU DQG FURS\LHOG DUH PDLQO\
ZHDWKHU FRQGLWLRQV ?*HGGHYV A 7TRLOZDWHU UHWHQWLR
WLRQ WKURXJK WKHURRW]RQHDQG FDSLOODU\ULVH ?>LSSHUH
LQ ZHDWKHU FRQGLWLRQV DOWHU WKH UHODWLRQVKLS EHWZH
A (LITHUHQW H[SHULPHQWY SHUIRUPHG LQ 8KH2HWKHUODQG
WXU\RQ DWWHPSWHG WRLQYHVWLIJDWHWKHLQZXHQFHRIJUR?>
GLIITHUHQW VRLO WH[WXUHV DQG FURSYV
:LVVHU ? A GHYHORSHG \LHOG GHFUHDVH FXUYHV DV IXQFW
GHSWK IRU PDLQ VRLO W\SHV LQ 8KH 2HWKHUODQGV *LJXUH
ZDWHU WDEOH LV VWURQJO\ FRUUHODWHG ZLWK WKH ZDWHU Ul
VKDOORZ JURXQGZDWHU OHYHOV VRLOV ZLWK JRRG ZDWHU UH\
VKRZ D KLJKHU\LHOG UHGXFWLRQ EHFDXVH PRUH R[\JHQ VWUHYV
WDEOHV GURXJKW VWUHVV LV VPDOOHU GXH WR FDSLOODU\ FR
FRDUVHU VRLO WH[WXUHYVY OLNH VDQG\ VRLOV 4HDW VRLOV DUF
PDWWHU FRQWHQW WKHLU SK\VLFDO DQG K\GUDXOLF SURSHUYV
VRLO GHFRPSRVLWLRQ XSRQ GUDLQDJH ?0LXDQG OHQQDUW]
D GUDVWLF \LHOG GHFUHDVH ZLWK VPDOO FKDQJHV LQ ZDWHU \
FXUYHV FDQ KRZHYHU YDU\ FRQVLGHUDEOH ZLWK WKH W\SH RI F
VRLO SURYOH



*LIXUH=LHOG GHSUHVVLRQDV D IXQFWLRQ RI WKHPHDQ GHSWK |
WKH JURZLQJ VHDVRQ IRU YDULRXV VRLO W\SHV DIWHU :1

*HGGHV ? AIRUPXODWHG\LHOG FXUYHV LQIXQFWLRQ RIJUR?

SUREDELOLW\RIH[FHHGDQFHLQ FOD\ VDQG\ORDPDQG FOD\ RQ
SRWDWRDQG OHWWXFH *LJXUH SUHVHQWV DQDGDSWHG YHU
\LHOG DQG JURXQGZDWHU GHSWK IRU SRWDWRHV IRU D SURE
HYHU\\HDU 8KHRSWLPDOZDWHU WDEOHGHSWK PHDQLQJ WK
\LHOG LV DURXQG FPIRUFOD\DQG FOD\RQ VDQG\ORDP DQG
WKHVH ZDWHU WDEOH GHSWKV D IRHVARUHEG@®RRBERNM WY HUR CHIO!
7TKDOORZHU ZDWHU OHYHOV ZRXOG OHDG WR R[\JHQ VWUHVV DC
FXUYHV GLIIHU ODUJHO\ IURP WKH RQHV LQ *LJXUH HVSHFLLD
FXUYH EHFDXVH SUHFLSLWDWLRQ ZDV QRW FRQVLGHUHG WKH!I
E\FDSLOODU\ULVH

*LIXUH(HSHQGHQFH RI SRWDWR IUHVK \LHOG RQ JURXQGZDWHL
JURZLQJVHDVRQ IRUFOD\ VDQG\ORDPDQG FOD\RQ VDQ
DELOLW\RI\LHOG H[FHHGDQFH %GDSWHG IURP *HGGHYV 7

7LPLODUO\ :DONDQG 7FKRQHYHOG ? AHYDOXDWHG WKH LQ:
FURSVLQFOXGLQJFDXOLZRZHU RQLRQV JODGLROXV FDEEDJH



VRLO W\SHV QDPHO\ KHDY\ FOD\ RQ VWLFN\ FOD\ DQG RQ OLJK
YQH VDQG\ FOD\ -Q WKH FOD\H\ WRSVRLOV JURXQGZDWHU OHY
FURS \LHOG IRU PRVW RI WKH FURSVY H[FHSW IRU JODGLROXYV
JURXQGZDWHU OHYHOV KLJKHU WKDQ FPDOUHDG\FDXVHG D (
(XULQJ ZHW JURZLQJ VHDVRQV DUHDV ZLWK D VKDOORZ ZDWH
FHSWLEOH WR KDYHLPSDFWV RQ FURS\LHOG WKDQ DUHDV ZKHL
SHFLDOO\LQ YQH JUDLQHG VRLOV *HGGHV ? APDNHV DQRYH!
H[SHULPHQWYV ZKLFK VKRZ WKDW WKHRSWLPDO ZDWHU WDEOH
FPLQ FOD\H\ VRLOV DQG KRUWLFXOWXUDO FURSV GXULQJ GU\
RSWLPXP LV DERXW FP *RUVDQG\ ORDP\ VRLOV WKH RSWLP|

FP WR FP -Q FRQWUDVW >LSSHU HW DO ? A ITRXQG WKI
FDXVHG \LHOG ORVVHV GXH WR R[\JHQ VWUHVV LQ FRUQ OHVYV |
ZDWHUWDEOHFRXOGFDXVHGXHWRZDWHU VWUHVV HVSHFLDO
PRVWO\ EHFDXVH H[FHVVLYH UDLQIDOO LQ WKH ZHW \HDU RFFXU
SHULRG DOORZLQJPRVWRIWKHSODQWYV WR UHFRYHU -Q JHQH
GURXJKW UHVLVWDQFHDQG ORZ R[\JHQ UHVLVWDQFH HVSHFLD
/[HHSLQJ WKH JURXQGZDWHU DW DQ RSWLPXP OHYHO DQG KHC
LQ WKH URRW J]RQH FDQ KHOS WR DFKLHYH KLIJKDQG VWDEOH \L
KDYHDQ LQGLUHFW HIIHFW RQ FURS JURZWK WKH VRLO PRLVW)
LQWKHURRWI]IRQH LV ZKDW GLUHFWO\LQZXHQFH FURS\LHOG 7
IDFWRUV JURXQGZDWHU OHYHOV DQG ZHDWKHU DQG FURS W\S
KDYHWREHFRQVLGHUHG VLPXOWDQHRXVO\IRUGHFLVLRQ PDNI
GHFLVLRQV DUHHQWLUHO\FURS DQG YHOG ORFDWLRQ VSHFLYF
HW DO A

-PSDFW RQ GLITHUHQW FURS W\SHV

THYHUDO VWXGLHVLQ FHUHDOVLQFOXGLQJPDL]|HDQG ZKHDW K
LVREWDLQHGDWDZDWHU GHSWK RI PRQDYHUDJH?'DYD]]D D
A ,RZHYHU WKLV YDOXH FDQQRW EH JHQHUDOO\ DSSOLFDE
VLQFH WKH ERSWLPDOF JURXQGZDWHU OHYHO ZLOO YDU\ ZLWK 2
8KH \LHOG RI PDL]H FDQ EH VWURQJO\ DIITHFWHG E\ WKH ZDWHU
VHQVLWLYLW\ WR ZDWHUORJJLQJ ZKLOH VXQZRZHU DQG ZKHDYV
OHYHO ZXFWXDWLRQV ZLWKRXW ODUJH \LHOG YDULDWLRQV %
GHYHORS VXUYLYDO VWUDWHJLHY OLNH VXSHUYFLDO URRWLQJ
DHUHQFK\PD ?%UPVWURQJHW DO A PRVW FRQYHQWLRQDC
YHU\ZHW FRQGLWLRQVDQG\LHOGFDQ EHKLJKO\UHGXFHG HYH
8LDQ HW DO ? AHVWLPDWHG WKDW RYHUDOO ZDWHUORJJLQJ
GXH WR UHGXFWLRQ LQ JUDLQ ZHLJKW ELRPDVV DQG OHDI
FURS\LHOG UHGXFWLRQ YDULHG EHWZHHQ FURSYVY GXUDWLRQR
VWDJH -Q WKLV PHWD DQDO\VLV ZKHDW\LHOG GHFUHDVHG RQ
LQFRWWRQ GXH LWV KLJKHU R[\JHQ VWUHVV VHQVLWLYLW\ DQ
ZDV PRUH VHQVLWLYH WKDQ WKH YHIJHWDWLYH VWDJH
4RWDWRHV DQG PDL]H DUH YHU\ VHQVLWLYH WR ZHDWKHU FRQ
ZDV HVWLPDWHG WR GHFUHDVH XS WR XQGHU H[FHVVLYH UDL
GUDLQHG VRLOV ?20L HW DO A %GGLWLRQDOO\ WKH QHJDWI
DELOLW\ GXH WR ZDWHUORJJLQJ GXULQJ WKH VXPPHU PRQWKYV



S8DEOH%YHUDJH \LHOG RI PDLQ FURSV LQ &HOJLXP LQ ?789

'"URSV %YHUDJH IUHVK\LHOG WRQ KD

HDUO\ SRWDWR
VWRUDJH SRWDWR
JUDLQ PDL]H
VLODJH PDL]H
ZLQWHU ZKHDW
VXIJDU EHHW

SHUDWXUHY OHDGV WR KLJIKHU UHVSLUDWLRQ UDWHV DQG KHUH
SDEOH VKRZV WKHDYHUDJH IUHVK\LHOG RILPSRUWDQW DUL
?78%8&)0 A %FFRUGLQJ WR WKH ODQG XVH DQDO\VLV LQ *O
LGHQWLI\IRFXV FURSV JUDVVODQG DQG PDL]H DUH WKH GRPL
VRLOV DFFRXQWLQJIRU DERXW DQG RI WKH DJULFXOWXU|
FURSVOLNHSRWDWR ZLOWHU ZKHDWDQG VXJDUEHHWDUHDOV
&HOJLDQ DJULFXOWXUH LV KLIKO\RULHQWHG WRZDUGV PHDW D
ZHUH IDUPV LQ &HOJLXP IURP ZKLFK DERXW KDG SHUPDC

JUHZ IRUDJH FURSV IRU FDWWOH ?YDQ GHQ 4RO YDQ (DVVHC(
GHWDLOHG GHVFULSWLRQ RI WKHHIIHFWV RI WRR ZHW FRQGLWL
SUHVHQWHG EHORZ

+UDVVODQG

8KHUH DUH WZR W\SHV RI JUDVVODQG IRUDJULFXOWXUH LQ *OD
DU\ *URP D SXUHO\ WHFKQLFDO SRLQW RI YLHZ WKH WHUP ES
WKDW D SDUFHO UHPDLQV XQGHU JUDVVODQG IRUVHYHUDO FRQ"
SHUPDQHQW DQG WHPSRUDU\ JUDVVODQG LV DOVR XVHG LQ WK
FRQWH[W RI WKH FRPPRQ DJULFXOWXUDO SROLF\ '%4 1RUH LQ
IRXQG RQWKH ZHEVLWHRIWKH (SWO0 : 4HUPDQHQW JUDVVODQG
JUDVVODQG ZKLFK LV NHSW LQ SURGXFWLRQ IRURQH WR D IHZ \H
DQG UHVHHGLQJ RU QRW ZLWK JUDVV RUDQRWKHU FURS -WDOL
LVWKHPRVWLPSRUWDQW VSHFLHVLQ WHPSRUDU\JUDVVODQG
ODQGV DUH W\SLFDOO\D PL[WXUH RIVHYHUDO JUDVV VSHFLHV P
SHUHQQH DQG VRPHWLPHVY OHJXPH VSHFLHV OLNH UHG DQG ZK
WULIROLXP UHSHQV ?2YDQ GHQ 4RO YDQ (DVVHODDU HW DO

_Q *ODQGHUV UHJXODUO\ UHVRZQ JUDVVODQG DQG IRUDJH PC
GXFWLRQ ZKLOHLQ ;DOORQLD SHUPDQHQW JUDVVODQGY DUH W
DQQXDO GU\ PDWWHU \LHOG RI SHUPDQHQW JUDVWVDDQGYV ZXFW.
ZKLOH IRUWHPSRUDU\JUDVVODQGV \LNOTBYDDEWHY ERW XDIQ
(DVVHODDU HW DO A

8KH &HOJLDQ YDULHW\ OLVW FRQWDLQV IRXU VSHFLHV RI SHU
WHPSRUDU\ JUDVVODQG DGDSWHG WR &HOJLDQ FRQGLWLRQV
8DEOH -0:3? FA 8HPSHUDWH SHUHQQLDO JUDVVHV KDYH K
FRQGLWLRQV FRPSDUHG ZLWK DUDEOH FURSY DOWKRXJK WKH)
D VXVWDLQHG SURGXFWLYLW\ ?1RRUH HW DO A 4HUHQQLDC



SDEOHAHUPDQHQWDQG WHPSRUDU\JUDVV VSHFLHVY SODQWHG LC
? FA

AHUPDQHQW JUDVVODQG (U\PDWWHU \LHOG
W R Q KD

4HUHQQLDO U\HJUDVV OROLXP SHUHQQH
SLPRWK\ 4KOHXP SUDWHQVH

1HDGRZ IHVFXH *HVWXFD SUDWHQVLYV
8DOO IHVFXH *HVWXFD DUXQGLQDFHD
8HPSRUDU\ JUDVVODQG

*HVWROROLXP OROLXP *HVWXFD

ANEULG U\HJUDVV OROLXP [ ERXFKHDQXP
/X QWK

-WDOLDQ U\HJUDVV OROLXP PXOWLZRUXP
'"HVWHUZROGV U\HJUDVV BROLRR®HBFKOWSHU \HDU
ZRUXP ZHVWHUZROGLFXP

VSHFLHLQ *ODQGHUV 8LPRWK\DQG 1HDGRZIHVFXHDUHUDWKHL
DGGHG WR JUDVV PLIWXUHV 8DOO IHVFXHDQG -WDOLDQ U\HJUCL
XS WR WWRIQ BDVR 8DOO IHVFXH LV KLJKO\WROHUDQW WR GU\L
OHVV VXVFHSWLEOH WR GLVHDVHYV ZKLOH 8LPRWK\JUDVV UHTX
? DA

(L&HOOD HW DO ? AVKRZHG WKDW UHGXFWLRQV LQ URRW D
VRPH JUDVV VSHFLHY OLNH /RURQLYLD JUDVV 9URFKORD KXPLC
GLODWDWXP 8DOO IHVFXH *HVWXFD DUXQGLQDFHD DQG 4HUH
XQGHU WR GD\WRIZDWHUORJIJLQJFRQGLWLRQV 8KDQNV WR
LQFUHDVH XS WR WKHELRPDVV UHGXFWLRQ ZDV VRPHWLPH
? A DOVR HYDOXDWHG WKH UHFRYHU\ FDSDFLW\ RI IRUDJH JU
DQG 8DOO IHVFXH IXOO\ UHJDLQHG WKH QRUPDO VKRRW DQG UF
ZDWHUORJJLQJ ZKLOH RWKHUJUDVV VSHFLHVY KDG D SURJUHVYV|
DQRQG QHW SKRWRV\QWKHVLV GXULQJ WKH VWUHVYV SHULRG ZLWHK

1DL]H

-Q &HOJLXP VLODJH PDL]JHLVY WKH VHFRQG PRVW LPSRUWDQW IF
8KH DFUHDJH RI VLODJH LQFUHDVHG IURP KD LQ WR DER X\
WKH DUHD RI PDL]H IRU JUDLQ UHDFKHG KD LQ 2-0:3 E

\LHOGV FDQ JR XS RVIR U MNLRXXQIEHU QRQ OLPLWLQJFRQGLWLRQV
QXWULHQWY EXW LW FDQ EH PDXQFR\WRZBHYHORBE®BRXQWULHYV
HW DO A -Q &HOJLXP WKHDYHUDJH JUDLQ \LHOG EDVHG R
&HOJLDQ YDULHW\ OLVW EZKLOHVLOWRI WBIOGRVHG RORQ KD
DOPRVW YDULHWLHV ?2-0:3 EA

1DL]H LV FRQVLGHUHG WKH PRVW VHQVLWLYH FURS WR ZDWH
VRUJKXP ?27WHGXWR HW DO A EHFDXVHGLIIHUHQFHVLQ WKH
RFFXUPRUHRIWHQ GXULQJWKHZRZHULQJSHULRGRIPDL]H VXP



8KH PRVW VHQVLWLYH SHULRG WR ZHW FRQGLWLRQV DQG ZDWH!
DWLRQ SKDVH ?+XRSLQJ HW DO A 6HQHWDO ? A UHSRUW
PRUH WKDQ XQGHU GD\V ZDWHUORJJLQJ GXULQJ WKLV SKD
WKH GHFUHDVH FDQ EH KLJKHU JRLQJ XS WR RI\LHOG ORVYV
?2+XRSLQJ HW DO A %OWKRXJK WKH FURS UHVLVWDQFH WR
WKH RWKHU GHYHORSPHQW VWDJHV WKH GXUDWLRQ RI ZDWHUC
IHFWV ZKLFK FDQ FDXVH XS WR \LHOG GHFUHDVH XQGHU GD\
HW DO A

6DLQIDOO FDQ KDYH HLWKHU SRVLWLYH RU QHJDWLYH LPSDFW
WHPSHUDWXUH LQWHQVLW\ VRLO GUDLQDJH FRQGLWLRQV JU
PHQW VWDJH RI WKH FURS )[FHVVLYHUDLQIDOO OHDGLQJWR SU
URRW ]JRQH FDQ UHVXOW LQ VHYHUDO QHJDWLYH LPSDFWV LQ SO
UHVSLUDWLRQ JUDLQ DPRXQW SHU FRE DQG YQDO VLODJH RU .
\HDU ZDV XQXVXDOO\GU\ ZKLOH VXPPHU ZDV WKH ZHWWH

KDG HIFHSWLRQDO KHDY\UDLQV LQ 1D\DQG .XQH IROORZHG |

%XJXVW 8KHLPSDFW RQ \LHOG LQ WKHVH \HDUV FDQ EH VHHQ |
PDL]H\LHOG ZDV FRQVLGHUDEO\ORZHU WKDQ WKH DYHUL
LQFUHDVHG E\ ZKHUHDV FRUQ \LHOG VWD\HG FORVH WR WK
X UH &DVHG RQ WKH %JURPHWHRURORJLFDO &XOOHWLQ \LH
GXH WR VXIIRFDWLRQ Rl WKH URRW V\VWHP DQG VRLO DFLGLYFI
DW WKH VWDUW RI WKH VHDVRQ ZKLFK PDGH WKH FURS PRUH Y
QH[W PRQWKY 8KHDSSDUHQW RYHUDOO \LHOG LQFUHDVH LQ
WKH IDFW WKDW WKH H[WUHPH UDLQIDOO ZDV H[SHULHQFHG PRV
ZKLOH WKH 2RUWK KDG QRUPDO ZHDWKHU FRQGLWLRQV -Q WKH
UDLQIDOO DQG HVSHFLDOO\LQ SRRUO\GUDLQHG VRLOV FRUQ 72
DOVR H[KLELWHG IXQJDO GLVHDVHV DQG ORGJLQJ

*LJXUH*UHVK \LHOG YDULDWLRQ IRU JUDLQ PDL]H DQG VLODJH ¥
DFFRUGLQJWR 78%8&)0 8KHDYHUDJH\LHOG IRUWKDW SH
OLQHYV



4ARWDWR

*UHVK WXEHU\LHOG IURP LUULJDWHG YHE@KEW UWJIHYHUHROMR Z MR
LQ KXPLG UHJLRQV GXH WR D KLIJKHU ULVN RI GLVHDVHYV ?7WHC
SRWDWRHV RFFXS\ RQO\ RI WKH WRWDO IDUPODQG EXW LW LV
ZLWKDQDYHUDJH\LHOG RI/B®BBXYY) WRQKIHUHIRUH WKHUH KD
PDQ\HITRUWV WR LQFUHDVH SRWDWR SURGXFWLRQLQ WKH FRXQ
ZKLFKLVDJHR LQIRUPDWLRQ SODWIRUP WKDW KHOSV WR GHWH|
LQDVXVWDLQDEOH ZD\?7ZD\HU HW DO A

4RWDWRHV DUHHTXDOO\ VHQVLWLYH WR WRR ZHW RU WRR GU\
URRWLQJV\VWHP DQG FDQQRW WROHUDWH PRUH WKDQ KRXUV

HW DO A EHFDXVH WXEHUY DUH LQ GLUHFW FRQWDFW ZLWK
URWWLQJ (URXJKW DQG KHDW VWUHVYV GXULQJ WXEHU IRUPDW
LQ RI ORZ \LHOGLQJ \HDUV ZLWKLQ WKH SHULRG LQ «
2ZHYHUWKHOHVY ZDWHUORJJLQJFRQGLWLRQV SOD\HG D PDMRU
\HDUV 8KH ZHW VXPPHU LQ LQ &HOJLXP GLG QRW LPSDFW KH
RI SRWDWR HYLGHQFHG E\ D \LHOG VOLJKWO\ FORVH WR WKH

78%8&)0 ? A *LIJXUH y,RZHYHU WKH %YJURPHWHRURORJLF

? A UHSRUWHG WKDW TXDOLW\ ZDV ORZHU GXH WR VHYHUH GL
LPSRVVLELOLW\ WR DSSO\ SK\WRVDQLWDU\ WUHDWPHQWYVY GXH
FUDFNV LQ WKHWXEHUV LQ SUHVHQFH RI KLJK QLWURJHQ FRQFH
ZHW FRQGLWLRQV GXULQJVSULQJ KDPSHUHG WKH SURSHU URRYV
DQLQFUHDVHG ULVNRIZDWHU VWUHVYVY GXULQJ WKH QH[W GU\ PF
LQ ZHDWKHU FRQGLWLRQV FDXVHG KDUYHVWLQJ SUREOHPV LQ
, XPLG FRQGLWLRQV DOVR FDXVHG HDUO\ZRZHULQJ DQG URWWL

*LIXUH4RWDWR IUHVK \LHOG YDULDWLRQ IURP WR DFFRU
DYHUDJH\LHOG IRUWKDW SHULRG LV GHSLFWHG LQ GDVK



 LQWHU ;KHDW

+UDLQ \LHOG LQ UDLQIHG WHPSHUDWH FO L PI)VGH PHQUHDEKI UR P
XSWR WRQERRBROHQYLURQPHQWY ZLWK KLJK VRODU UDGLDWL
-Q &HOJLXP WKH DYHUDJH \LHDG %G&8)RXIKQB\ MFERK®GLQJ WR W
ZHDWKHU ULVN DQDO\VLV PDGH E\ +RELQ ? A IURP WKH SHULR
SHULRGV RI ZDWHUORJJLQJRFFXUUHG PRVWO\LQ VSULQJ ZKLF
XUHV GXULQJ WKH JURZLQJ VHDVRQ FDXVHG ORZ\LHOGV GXULC
ORVVHV GXH WR ZDWHUORJJLQJ DUH H[SHFWHG WR EH DURXQG
'DWHUORJJLQJ GXULQJ WKH YHJHWDWLYH SHULRG FDQ FDXVH
ZLQWHU ZKHDW 3[\JHQ VWUHVV IRU MXVW WKUHH GD\V FDQ DOU
WKH GLVSODFHPHQW RI VWHPV ORGJLQJ DQG UHGXFWLRQ RI W
ZKLFK GHFUHDVHVY WLOOHU QXPEHUV 27WHGXWR HW DO A 'R
ZLQWHU ZKHDW KDV WKH FDSDFLW\ WR GHYHORS SK\VLRORJLFD
ZDWHUORJJLQJ 40RVFKXNHWDO ? AUHSRUWHG WKDW ZLQW
URRWYV ZLWK RIDHUHQFK\PD GXULQJ GD\VRIZDWHUORJJILQ
WRV\QWKHWLF DFWLYLW\ ,RZHYHU WKH GXUDWLRQ DQG WLPH
LQZXHQFH WKH UHFRYHU\ FDSDFLW\ Rl WKH SODQW ;LQWHU ZK
PRVW HQWLUHO\ XQGHU ZDWHUORJJLQJ RI PD[LPXP GD\V GXUL
ZRZHULQJ DFFRUGLQJWR 7DQ 'HOHGRQLRHWDO ? A ZKLOH\

LI RFFXUULQJLQ WKH ZRZHULQJ VWDJH 6RPLQD HW DO
ORJJLQJGXUDWLRQ URRWVY FDQ EH VHYHUHO\GDPDJHG DQG WK
WKH ZDWHU FRQGLWLRQV LPSURYH ?7WHGXWR HW DO A

'RQWUDU\WR VSULQJFURSV OLNHPDL]JHDQG SRWDWRHV WKH\
E\ LQ &HOJLXP LQ WKH ZHW VXPPHU RI FRPSDUHG ZLWK W
LQ 278%8&)0 A *LIXUH %FFRUGLQJ WR WKH UHSRUW!
JLFDO &XOOHWLQ \LHOG GHFUHDVH LQ ZDV PRVWO\ OLQNHG
GXULQJWKHH[WUHPHUDLQIDOOHYHQWY KDUYHVWLQJGHOD\V
RFFXUUHG LQ ZKHUH KDUYHVWLQJ GHOD\V GXH WR ZHW FRQG

*LIXUH;LQWHU ZKHDW IUHVK\LHOG YDULDWLRQ IURP WR D
8KHDYHUDJH\LHOG IRUWKDW SHULRG LV GHSLFWHG LQ C



7XJDU EHHW

*UHVK \LHOG FRPPRQO\ UDQJHV BXRP FDWR R XXRWHKD WRQ KD
XQGHU RSWLPDO ZDWHU DQG QXWULHQW FRQGLWLRQV ?7WHG X
DYHUDJH\LHOG LV DERBRB&)WRQ RD7XJDU EHHW LV YHU\VHQVLW
GHYFLW LQ WKHLQLWLDO JURZLQJ VWDJHYVY -WV SHDN ZDWHU U
WKH YHIJHWDWLRQ SHULRG ZKHQ PD[LPXP FDQRS\ FRYHU LV UHL
FDQ LQKLELW OHDI GHYHORSPHQW DQG SURPRWH SUHPDWXUH Z
RI'VHHGV )[FHVV ZDWHU HJ RYHULUULJDWLRQ QHDU KDUYHV
URRW VXJDU FRQFHQWUDWLRQ PD\EH UHGXFHG ?7WHGXWR HW I
-Q &HOJLXP SHULRGV RIUHSHDWHG ZDWHUORJJLQJ H[SODLQF
\LHOGV GXULQJ WR ?+RELQ A -QFRQWUDVW SURMHF'
DWHG WR EHDURXQG WR GXHWRGURXJKWYV ?+RELQ A
IHZ FURSVY WKDW KDV WKH SRVVLELOLW\WR UHFRYHU SDUWO\ IU
GHHS URRWYV 8KLV FDQ EHVHHQ IRUH[DPSOH LQ WKH GU\\HDU [
VLPLODUWR WKHDYHUDJHLQ FRQWUDVW ZLWK RWKHU VSULQJ |
-Q WKH ZHW VXPPHU RI VXJDU EHHW DOVR SHUIRUPHG PXFK
WKH %JURPHWHRURORJLFDO &XOOHWLQ UHSRUWHG WKDW GHVS
OHDI GHYHORSPHQW zZzDV YHU\ DEXQGDQW DQG DPRQJ WKH KLJK
KHDY\UDLQV DQG WKHLQVXaFLHQW R[\JHQ LQ WKH VRLO OHG W|
JUDGXDOO\UHVWRUHG DW WKH HQG RI WKH VXPPHU ,RZHYHU W
VHHPHG WR DIITHFW PRUH WKHJURZLQJVHDVRQRIVXJDU EHH\
SUHVVXUH LQ WKH ZHW PRQWKV DQG VXEVHTXHQW KLJKHU YXOQ

*LIXUH/ XJDU EHHW IUHVK\LHOG YDULDWLRQ IURP WR DFFF
DYHUDJH \LHOG IRUWKDW SHULRG LV GHSLFWHG LQ GDVK

-QGLUHFW HIITHFWYV

-QGLUHFW FURS GDPDJH GXH WR H[FHVVLYH ZHW FRQGLWLRQV D
LOLW\DQG ZRUNDELOLW\ VRLO GHJUDGDWLRQ VRZLQJGHOD\V
DQG ZHHGV 8KHVH IDFWRUV XOWLPDWHO\ OHDG WR D UHGXFW.L



RIORZ\LHOGV LQ PDL]JH GXULQJ WR ZHUH FDXVHG E\ ODW
FURS GHYHORSPHQW GXHWR D FROGDQG ZHW VSULQJ ZKLOH ZL
H[SODLQHG RI WKH ORZ\LHOGV -Q WKHFDVH RI SRWDWRHYV
FDXVHG E\ ZDWHUORJJLQJ ZKLFK SURGXFHG SODQWLQJ GHOD\
KDUYHVW RSHUDWLRQV ?+RELQ A

OLPLWHG FDUU\LQJ FDSDFLW\ WUD_FDELOLW\ ZRUNDELO

8UDaFDELOLW\ DQG ZRUNDELOLW\ UHIHU WR WKH FDSDFLW\ RI V
RSHUDWLRQVLQYROYLQJPDFKLQHU\ ZLWKRXW FDXVLQJVWUXF
&RWK TXDOLWLHVY DUH HVVHQWLDO IRURSWLPDO SODQWLQJ SO
DUH ODUJHO\ OLPLWHG E\ VRLO PRLVWXUH FRQGLWLRQV ;DWH
E\ WUDPSOLQJ WKURXJK GLVSHUVLRQ RI FOD\ SDUWLFOHV HVSES
VRGLXP LV KLJK 7RLO VWUXFWXUH FDQ EH HDVLO\ GDPDJHG L
RUOLYHVWRFN ?1F(RQDOG A -QJUDVVODQGV FRZV FDQ GLC
LQFUHDVH VRLO FRPSDFWLRQ WUDPSOLQJORVV OHDGLQJ WR
FDSLOODU\ ULVH OHVV R[\JHQ DYDLODEOH DQG URRW JURZWK
A 8KHPDJQLWXGH RI WKH GDPDJH ZLOO GHSHQG RQ WKH FDL
DQG FDQ EH UHGXFHG E\ XVLQJ FRQWUROOHG WUDaF IDUPLQJ V\
JQRZOHGJH Rl WKH W\SH RI FURS FDQ KHOS WR GHWHUPLQH Wk
WUDaFDELOLW\ DV WKLV GHWHUPLQHV WKH ZHLJKW RI WKH PDF
DQG KDUYHVWLQJ -Q 8KH2HWKHUODQGY KHDYLHU PDFKLQHV O
PDL]H DQG SRWDWRHV ZKLOH OLJKWHU PDFKLQHV DUH HPSOR\}
EHHW ?&DNHO DQG ,RYLQJ A 1DFKLQHV XVHG IRU KDUYHVW
WKH RQHV XVHG LQ SODQWLQJ RU VRZLQJ ZKLFK UHVXOWYV LQ
FRQGLWLRQV 8RR ZHW FRQGLWLRQV GXULQJWKH KDUYHVWLQJ
QRW DOO WKH YHOG FDQ EH KDUYHVWHG RUWKH QH[W FURS FDQ
3Q WKH RWKHU KDQG NQRZOHGJH RI WKH VRLO W\SH DOORZV "
EHKDYLRU ZLWK FKDQJHV LQ VRLO PRLVWXUH FRQWHQW 7RLO
VRLO ZDWHU FRQWHQW DQG GHQVLW\ DQ WKLV LQ WXUQ GHWFE
WKH VRLO DQG HQHUJ\ UHTXLUHG IRU WLOODJH ?1+tO0OHU HW DO
VWUHQJWK DV D IXQFWLRQ RI ZDWHU FRQWHQW FDQ EH GHVFULL
*LIXUH EDVHG RQ WKH XSSHU SODVWLF OLPLW 940 DQG OR]
RI LV FRPPRQO\ FRQVLGHUHG DV D OLPLW IRU ZRUNDELOLW\
D WKUHVKROG IRUWUDaFDELOLW\ ORZHU YDOXHV GHQRWH WK
GHIRUPDEOH QRW JRRG IRU WUDaFDELOLW\ ZKLOH KLJKHU YC
GU\DQG SURQH WR YVVXUHV DQG FUXPEOLQJ JRRG IRU WUDaFD
*LIXUH JUDYLPHWULF ZDWHU FR QMR Q WNUDRIUHV! lUR P NJ N.
7RLOV ZLWK ORZHU FOD\ FRQWHQW FKDQJH WKHLU PHFKDQLFDO
LQ ZDWHU FRQWHQW
7LQFH WKH VWUHQJWK Rl WKH VRLO FKDQJHV ZLWK VRLO ZDW!|
GHYQHV WKH WUDaFDELOLW\DQG ZRUNDELOLW\LQ D YHOG -Q \
ZLWK VRLO W\SH DQG FOLPDWLF FRQGLWLRQV % ZDWHU WDEOH
DGHTXDWH LQ KHDY\PDUVK VRLOV LQ VSULQJ -Q SHDWODQGYV 7
DQG WKH VRLO EHDULQJFDSDFLW\LV ORZXQGHU VWDQGDUG DJI
RI OLJKWHU PDFKLQHYV FDQ DOORZ WKH WUDaFDELOLW\ DQG ZR
HW DO A



*LIXUHRQVLVWHQF\ GLDJUDP EDVHG RQ ORZHU SODVWLF OLPL\
OLPLW 940 IRUYYHW\SLFDO WRSVRLO VXEVWUDWHYV LQ G
% & ' (DQG)KDYH DQG FOD\FRQWHQW UH
%GDSWHG IURP 1+tO0OHU HW DO ? A

7TRZLQJ RU KDUYHVWLQJ GHOD\

7TRLO WHPSHUDWXUH DQG PRLVWXUH FRQWHQW DUH WKH GRPLC
GHWHUPLQHFURS JHUPLQDWLRQ 'URSVQHHGDFHUWDLQ VRLO \
YDULHV KLIKO\ EHWZHHQ VSHFLHVY DQG HYHQ ZLWKLQ FXOWLYD
DW OHDVW m' ZKLFK QRUPDOO\ RFFXUV LQ WKH ODVW ZHHN RI
JHUPLQDWH DW ORZHU WHPSHUDWXUHY RIDURXQG m'?7LQJK L
ZDUP XS DW D VORZHU UDWH WKDQ GU\ VRLOV LQ VSULQJ DQG
DXWXPQ GXHWR WKHODUJH KHDW FDSDFLW\ RI WKH ZDWHU ?&D|
%00 FURSVDUHJHQHUDOO\PRUHVXVFHSWLEOHWRZHW FRQGL
SUH HPHUJHQF\ SHULRGV ?1RRUH HW DO A 8KHJUHDWHU WK
LQDXWXPQ WKH KLJKHU WKH FKDQFH RI FKRRVLQJ HDUO\ YDUL
ZDWHUORJILQJRFFXUV LQVSULQJ WKHVRZLQJGDWHZLOO EH C
ZLOO EH VKRUWHU ?:DQ 3SRUW HW DO A 8KHUHIRUH VRLO PF
VRLOWHPSHUDWXUHDQG WKHFDUU\LQJFDSDFLW\ LVRQHRIWK
RI WKH JURZLQJ VHDVRQ 3Q WKH RWKHU KDQG KDUYHVWLQJ G
FDSDFLW\ FDXVH WKH QH[W FURS SODQWLQJ WR EH SRVWSRQHG
-Q8KH2HWKHUODQGV WKHODUJHVW QHIJDWLYH\LHOG DQRPD

ZHUH H[SODLQHG E\HLWKHU D ZHW VWDUW RI WKH JURZLQJ
JURZLQJ VHDVRQ 1RVW RIWKHORZ\LHOGYVY ZHUH GXH WR ODWH
GDWH H[FHHGHG %SULO WK ?2:DQ SRUW HW DO A

7TRLO TXDOLW\ QXWULHQW GHZFLHQFLHV DQG WR[LFLWLH

8KH UDWH Rl R[\JHQ GHSOHWLRQ GHSHQGV PDLQO\ RQ VRLO Wt
PDWWHU VDOLQLW\DQG S, DQG SODQW IDFWRUV OLNH JURZLQ
DELOLW\?1RRUHHWDO A ;LWKOLPLWLQJR[\JHQ PLFUR RUJ
ZLWK SODQW URRWV IRUWKHDYDLODEOHR[\JHQ RUKLQGHU WKH
QXWULHQWY 'RQVHTXHQWO\ PLFURELDO DFWLYLW\ LV DPRQJ"



VWUHVV WR SODQW URRWY ?&DUWKRORPHXY HW DO A
2LWURJHQ FDQ EH ORVW I URP WKH VRLO WKURXJK GLITHUHQW S
FKHPLFDO SURFHVVHV 3[\JHQ GHYFLHQF\LQ WKH VRLO SURPRW
GHQLWULYFDWLRQ SRVVLEO\UHVXOWLQJLQ OHVV QLWURJHC
FUHDVHVY QLWURJHQ OHDFKLQJ EH\RQG WKH URRW JRQH ZKLFK F
GHYFLHQFLHV ?-UPDNDQG 6DWKMH A 'KDQJHVLQUHGR[ SRV
SHUDWXUH XOWLPDWHO\ DITHFW QLWURJHQ WUDQVIRUPDWLRQ
-W PD\EH UHTXLUHG WR DGG QLWURJHQ LQ WKH VRLO WR FRPSFH
HYHU VHYHUHO\GDPDJHG FURSVPD\QRORQJHU UHFRYHUDQG V
SURYWDEOH

3Q WKH RWKHU KDQG GHFUHDVLQJ R[\JHQ FKDQJHV WKH SK\VI
WKH VRLO *LJXUH 8KH UHGXFWLRQ SRWHQWLDO RI WKH VR
FROQGLWLRQV DQG FKDQJHV WKH FKHPLFDO HTXLOLEULXP RI HC
ZDWHU VROXWLRQLQWKHLULRQLFIRUPYV 8KLV LV WKHFDVHRII
ZKLFK FDQ ULVH WR WR[LF OHYHOV XQGHU DQR[LF FRQGLWLRQ"
DFFXPXODWHLQ WKHVRLODQG DQDHURELF UHVSLUDWLRQ FDQ
SURGXFWYVY OLNH HWKDQRO 7RLO S, LVDOVR UHGXFHG E\ WKH D
DFLGVDQG WKH KLJK FR Q&FKMHWHUDURIFRIY RHBFDXVH UHVWULFWH(
EHFDXVH URRWYV DUH OHVV FDSDEOH WR HIWUDFW QXWULHQWYV
WKH VXUIDFH ZKHUH WKHUH LV PRUH R[\JHQ ?1RRUH HW DO
FRPSURPLVHG GXH WR UHGXFHG WLOOHULQJ FDSDFLW\ DQG S
VWHULOH ZRUHWYV ?1DQLN HW DO A

1RUH GHWDLOHG LQIRUPDWLRQ DERXW WKH FKHPLVWU\ LQ VL
DUH H[SODLQHG LQ WKH QH[W FKDSWHU -PSDFW RI FKDQJLQJ JU
PRELOLW\

*LIXUH(LIIXVLRQ RI JDVVHV LQ ZHOO GUDLQHG VRLOV DQG ZDW
IURP ?1RRUH HW DO A



T HHGV

tHHGV DUH XQZDQWHG SODQWYVY KLJKO\WROHUDQW WR DELRWLI
DQG OLYHVWRFN SURGXFWLRQ 8KH\HPHUJH DQG GHYHORS VSF
VXLWDEOH HQYLURQPHQW %JULFXOWXUDO ZHHGVY FRPSHWH IR
VRLO PRLVWXUH FDQ SK\VLFDOO\KLQGHU DQG LQKLELW FURS .
GLVHDVHV ?7FKRQEHFN A HHGV FDQ FDXVH PRUH FURS ORV\
DQLPDO SHVWV DQG SDWKRJHQV HVWLPDWHY RI WKH SRWHQ
DYHUDJH ZLWK WKH KLIJKHVW SRWHQWLDO ORVV LQ PDL]H
UHFHQW HVWLPDWHY RI FURS\LHOG ORVVHV ZHUH DERXW ?:L
T HW FRQGLWLRQV FDQ FDXVHDQLQFUHDVH RI GLVHDVHYVY DQG S
JURZWK 3WKHU SODQW YDULHWLHY PRUHDGDSWHG WR ZHW FR
FDQWDNHRYHUDQG UHGXFHFURS SURGXFWLRQ 8KHSUHVHQFH
EXIRQLRXVY GRFNV 6XPH[VSS DQG VHGJHV 'DUH[ DUH FRPPR
WLRQV ?1RRUH HW DO A 1DQ\JUDVV VSHFLHV VXFK DV ORO|
FRQVLGHUHG ZHHGV LQ DUDEOH FURSVY FDQ WROHUDWH WHPS]I
DJULFXOWXUDO FURSVY EHFDXVH WKH\ KDYH JHQHV XVXDOO\ IRX

A 8KLV FKDUDFWHULVWLFHQDEOHV JUDVVHV WR GHYHORS U
WR VXUYLYH XQGHU ZHW FRQGLWLRQV ;HHGV PD\ WKULYH DUR?
KDYHWR FRPSHWH OHVV IRU QXWULHQWYVY DQG VSDFH

4HVWYVY DQG GLVHDVHYV

%QLPDO SHVWV LQFOXGH LQVHFWY PLWHV VOXJV VQDLOV EL
SULVH IXQJL FKURPLVWD EDFWHULD DQG YLUXVHYV ?3)6/) A
WHPSHUDWXUHV IDYRUWKHGHYHORSPHQW RI GLVHDVHV RQ FUF
LVPV (LVHDVHV FDXVHG E\ 4K\WLXP 4K\WRSKWKRUD DQG %OW
ZHDWKHU FRQGLWLRQV 8KHVH SDWKRJHQV DUH XVXDOO\ SUHV

KDUPIXO LQ H[FHVVLYHO\ ZHW FRQGLWLRQV ?-41 A '"HUWDLQ
FUDQH Z\ 8LSXOD SDOXGRVD DQG WKH Z\ SHVW IXQJXV JQDWYV
DUHDWWUDFWHG E\PRLVWFRQGLWLRQV ?;HLODQG A %QLPEL
WR FDXVH D SRWHQWLDO FURS ORVV RI DERXW DQG UHVSH

6RRWV DQG VHHGY DUH PRUH VXVFHSWLEOH WR GLVHDVHV %1
URRW VA\VWHP URRW URW GDPSLQJ RIIl DQG \HOORZLVK RU SXI
?*ROQRYLY A 4\WKLXPDQG 4K\WRSKWKRUD VSHFLHV SURGX
ZDWHU LQ VDWXUDWHG VRLOV WR LQIHFW QHZ SODQWYV 8KH 4\W
URRW URW LQ ZLQWHU ZKHDW ZKHQ H[FHVVLYH VRLO PRLVWXUH
SODQW LV PRUHYXOQHUDEOHLQ WKHYUVW ZHHNV DIWHU HPHUJ
FRQGLWLRQV LV 4HURQRVSRUD VSDUVD GRZQ\PLOGHZ ZKLFK
OHDYHV ?&\DPXNDPD DQG %OL A

(HURQGH ? AUHSRUWHG WKDW WKH SHUPDQHQW KLJK KXPLG
XUHV LQ VXPPHU OHDGWRVHYHUH GLVHDVH VWUHVV LQ SRWEL
DQG OWHUQDULD ZHUH ZLGHO\ REVHUYHG LQ SRWDWR YHOGYV
DOVR UHFRUGHG GLIIHUHQW EDFWHULDO DQG IXQJDO GLVHDVH
'"HUFRVSRUD EHWLFROD 6KL]RFWRQLD VRODQL DQG )UZLQLD



'URS GDPDJH DQG KDUYHVW TXDOLW\

YIFHVV ZDWHU FDXVHV URWWLQJ Rl KDUYHVWDEOH SURGXFWYV
SRWDWRHV ZKHUH WKH WXEHUV DUH LQ GLUHFW FRQWDFW ZLW
LW UHVWULFWV JUD]LQJ IRUD FHUWDLQ SHULRG RI WLPH ?&DNH
%FFRUGLQJWRDQHZVSDSHUDUWLFOHSXEOLVKHGLQ %XJXVW
WKHKDUYHVW RIGLITHUHQW IUXLWV JUDLQVDQG YHJHWDEOHYV |
DQG FRQVWDQW UDLQIDOO HYHQWV LQ VXPPHU ‘HW FRQGLW
SRRU SROOLQDWLRQ RI WKH ZRZHUV HVSHFLDOO\ LQ SHDUV RU"
PDNHV LW GLaFXOW WR PHHW TXDOLW\ VWDQGDUGYV &HVLGHV "
E\ GU\ SHULRGVY HQKDQFHV VHFRQGDU\ WXEHU IRUPDWLRQ DOR
PRGLI\WKH VL]H DQG WKH VKDSH Rl WKH SRWDWRHV DQG ORRN
(HURQGH? ASRLQWHGRXW WKDW WKHODUJHDPRXQW RISUHF
ZLWK KLJK QLWURJHQ FRQWHQW LQ FDXVHG D GLVSURSRUWL
LQ JURZWK FUDFNV DQG KROORZQHVV PDLQO\LQ WKH FXOWLYD
DOVR VKRZHG QHZ ZRZHULQJ DQG WXEHU JURZWK OHDGLQJ WR J
-Q JUDVVHV WKH FRQWHQW Rl SURWHLQ DQG YEHU GHYQH WK
FRQWHQW ZKLFKLV PRUHHaFLHQWO\DVVLPLODWHG IRUPHDW |
OHDVW WRPHHW WKHDQLPDO UHTXLUHPHQWY 8KHYEHU FRQV
VWLPXODWLQJ WKH UXPHQ IXQFWLRQ VKRXOG EH ORZHU WKDQ
%(* DQG VPDOOHU WKDQ IRU 2HXWUDO (HWHUJHQW YEHU 2|
GLJHVWLELOLW\OHYHOV ?3UHJRQ 7WDWH 9QLYHUVLW\ A LW
YEHULQFUHDVHV 'RQVHTXHQWO\ WKHRSWLPDOKDUYHVWLQJV
LW\DQG TXDQWLW\ )DUO\ KDUYHVWHG JUDVV ZLOO EH PRUH SU
JUDVV EXW ZLWK D ORZHU ELRPDVV YROXPH ,DUYHVWLQJ WLP]
VRLO FRQGLWLRQV WKH VRLO QHHGV WR EH GU\ HQRXJK IRU W
RUIRUWKH FDWWOH WR JUD]H ?3UHJRQ 7WDWH 9QLYHUVLW\
GXH WR KLJK VRLO PRLVWXUH FRQGLWLRQV ZLOO FRPSURPLVH V
SRVVLELOLW\WR VWRUDJH LW



7 UPVWURQJ 7 . XVWLQ 4 &HFNHWW DQG 7 0O\WKH 6RRW D(
JLQJ % TXDWLF &RWDQ\ @ -772 GRL
Z 96PiiT,ff/tX/QBXQ ;fRyXRyRefyjy9@jddyUNRVNyykk@ q

&DNHO DQG - ,RYLQJ /HQQLV RYHU LQGLUHFWH QDW HQ GUF
YRRU ;DWHUZLM]HU ODQGERKZ ffrrrXboBOXMHfTm#HB+ iB2bf
F2ZMMBb@Qp2 @BM/B 2+i2@M i@2M@/°QQ;i2b+? /2@ #BD@; b@

6 4 &aDUWKRORPHXV . 41 ;LWWH 4 1 YDQ &RGHJRP . ' YDQ (I
VRLO FRQGLWLRQV IRU R[\JHQ VWUHVV WR SODQW URRWYV 7XE
DSURFHVY EDVHG PRGHO .RXUQDORI,\GURORJ\ @
GRL M MK\GURO ?iiT,ff/tX/96BXQ ;fRYyXRyRefDXD?v/ QHX
kyy3XydXykN

) &\DPXNDPD DQG 7 %OL -PSOLFDWLRQV RI )[FHVVLYH 7RLO
YHORSPHQW LQ ;LQWHU ;KHDWDb,ff2ti2MDBIQMXDb/bi i2X2/mf
BKTHB+ iBQMb@ 2t+2bbBp2@bQBH@KQBbim 2@/Bbh2 b2@/2p2HQ
?23QOLQH DFFHVVHG A

0 'DYD]]D DQG 4 4LVD )IIHFW Rl ZDWHUWDEOH GHSWK DQG ZD
%JULFXOWXUDO ;DWHU 1DQDJHPHQW @ GRL
960?iiTh,ff/QBXQ ;fRyXRyRefyjd3@jdd9U33VNyy8d@R

& (HURQGH 8KH LPSDFW Rl H{WUHPH ZHDWKHU RQ WKH FXOW|I
960?iiTh,ff#HQ;XpBiQX#2f 2KQi2b2MbBM ;f+m BBAX2MER mMXRM @ rB
FHVVHG A

') (L&HOOD % % +ULPROGL DQG+ + 7TWULNHU % TXDQWLWDYV
WROHUDQFHRISHUHQQLDO IRUDJHJUDVVHV 'URSDQG 4DVWX|
GRL FS 2iiM60tX/QBXQ ;fRyXRydRf*SkRdyd

6 % *HGGHV ;DWHU KHDW DQG@RUIRSIRZURTZONKrm X MBORNjye3

8 *ROQRYLY ,LJK1RLVWXUH -QFUHDVHYV 62NNbRAfTURXS (LVHDVHYV
i  BpBX+QKf#HQ;f?B;?7@KQBbim2@BM+"2 b2b@ BBR@Q7@+ QT
OLQH DFFHVVHG A

+OLOVNL DQG ; 7WESQLHZVNL 7RLO DHUDWLRQ DQG LWV URH
6DWRQ *OD

% +RELQ 1RGHOOLQJFOLPDWHLPSDFWY RQ FURS\LHOGV LQ &t
@ -772 < GRL ?1FHYffrrrX960
BMi@ 2bX+QKf #bi~ +ibf+ fp99fMRPOIEHPHe DIFFHVVHG A



% +RELQ ;HDWKHU UHODWHG ULVNV LQ &HOJLDQ DUDEOH DJULT
@ -772 < GRL M DIMIT,ff/tX/QBX60

Q ;fRyXRyRefDX ;bvXkyRdXyeXyyN

" +XRSLQJ > 7KL[LDR DQG = ,RQJ\RX 7WXGLHVRQ ZDWHUORJJ
PHDVXUHV - )IIHFWV RI ZDWHUORJJLQJ DW EXG EXUVWLQJ VW
HDUO\ JURZWK RI VHHGOLQJV RI FRUQ %FWD %JULFXOWXUD
-772 P6I0Th,ffb+?2QH "X;QQ;H2X+QKfb+?QH "nHQQFMTN\iE
aim/B2bYQMYr i2 HQ;;BM;YQ7Y+Q MY M/YT Qi2+iBp2YK2 bm 2b)
Q7Yr i2 HQ;;BM:Y iY#m/Y#m biBM;Ybi ;2YQMYi?2Y2K2 ;2M+2Y M
; Qri?YQ7Yb22/HBM;bYQ7Y+Q™ M mi?Q 4*?22MY:mQTBM; Tm#HB+
RN3®23QOLQH DFFHVVHG A

1 ,DFN WHQ &URHNH , 1XOGHU 6 &DUWKRORPHXV . YDQ (DI
( :-DOYRRUW 1 ,HLQHQ . /URHV 4 YDQ &DNHO - 7XSLW %
EHUJ 5XDQWLWDWLYH ODQG HYDOXDWLRQ LPSOHPHQWHG LQ
GHUPD @ -772 GRL M JHRGHUPD
2iiT,ff/tX/QBXQ ;fRyXRyRefDX;2Q/2 K XkyR3XRRXyyk

1 . ( ,DFN WHQ &URHNH . + /URHV 6 4 &DUWKRORPHXV . ' Y
- 7XSLW ( . . ;DOYRRUW 4 . 8 YDQ &DNHO DQG 6 6XLMWHQ
LPSDFW Rl K\GURORJ\ RQ DJULEXOWXUDO SURGXFWLRQ DV D L
WRR VDOLQH FRQGLWLRQV 73-0 @ D XJ -772
VRLO 2iig6DF/tX/QBXQ ;fRYX8RN9fbQBH@Kk@jNR@kyRe

-0:3 +UDVVHQ 6DVVHQCLMYWf bbPMHABODbiXBHpQXpH M/2 2MX
#2f2MfHBbi@T2 @+ QPBQ®LAYMH DFFHVVHG A

-0:3 6DVVHQOLMVW YRRU YRHGHUJHZDVVHQ RIQTHDURHQEHGHN
ff" bb2MHBDbiIiXBHpQXpH M/232ZMXQRH2MFFHVVHG A

-0:3 ‘HUJHOLMNHQGH WDEHO YDQ NHQPHUNHQ YDQ JUI
OLMVW F 2iig60ff° bb2MHBDbiXBHPpQXpH M/2 2MX#2f2
+QKT 'BbQM@Q7@; bb@p 'B2iv@+?3C0OLBHIBPFFHVVHG

A

9 -41 ,RZWR 1DQDJH 4HVWYV 4HVWV LQ +DUGHQV DQG ODQGVFI
DQG SHVW SUREOHPXIT,ffBTR&MN+ M X2/mfSJ:f: _.1Lfl1LoA_PLT
ri2 " T2biT Q#XPXPOLQH DFFHVVHG A

7 -UPDNDQG; 6DWKMH 40DQW +URZWK DQG =LHOG DV %IIHFWH
WR *ORRGLQJRU 3YHU -UULJDWLRQ

1 /IDKORZQ 1 %VKUDI DQG>LD ,DT )IIHFW RIVKDOORZ JURXQG
UHTXLUHPHQWY DQG FURS\LHOGV %JULFXOWXUDO ;DWHU 1DQ

M DJZDW 2iiTh9BOQBXQ ;fRyXRyRefDX ;r iXkyy8XyRX
yy8

+ /IDXU + 7LQJK 4 4 1RWDYDOOL / % 2HOVRQ . 1 3UORZVNL
DQG PDQDIJHPHQW VWUDWHILHYV IRU FURS SURGXFWLRQ LQ ZD
UHYLHZ %JURQRP\.RXUQDO @ -772



DJM Di6Tb, ffIQMHBM2HB#  "VXrBH2vX+QKf/QBfRYXRyykf

kyyNj?3QOLQH DFFHVVHG A

., IUMKPHU %GDSWDWLRQ RI WHUUHVWULDO ZHHGV WR ZD
DQG WHPSRUDU\ K\SR[LD SDJHV @ .RKQ ;LOH\ 7R
GRL FK2iiTBFOQMHBM2HB#  "VXrBH2vX+QKf/QB
#bfRYyXRyykfNd3RRR3dkye/NHEXHIRD BHSULQW KWWSV R
UDU\ ZLOH\ FRP GRL SGI FK

= 0L / +XDQ + 7FKQLWNH\ ) (HOXFLD DQG & 4HQJ )[FHVVLY
\LHOG ORVVRIDFRPSDUDEOHPDJQLWXGHWRH[WUHPH GURXJK
'"KDQJH &LRORJ\ @ GRL ?iiTh,f0/REBXQ ;f960
RyXRRRRf;+#XR9ek3

, OLXDQG & OHQQDUW] ,\GUDXOLF SURSHUWLHV RI SHDW VRLO\

% PHWD VWXG\ ,\GURORJLFDO 4URFHVVHYV @ QRY
K\S 2060, ff/tX/QBXQ ;fRyXRyykf?vTXRjjR9
> 0LX , 'KHQ > ,XR * :DQJ DQG ' ' 7KRFN %QDO\VLV RI
RI JURXQGZDWHU WR HYDSRWUDQVSLUDWLRQ LQ DQ DULG LU
ZDWHU WDEOH %JULFXOWXUDO ;DWHU 1DQDJHPHQW @
GRL M DJZDW 2iiTbh,ffr96Rb+B2M+2/B 2+iX+QKfb+B2M+2f
"iB+H2fTBBfayjd3jdd9Re3WRyI8@H DFFHVVHG A

7 1DQLN + 4HQJLOOH\ + (HDQ & *LHOG 7 7KDEDOD DQG 1 >
PHQW 4UDFWLFHV WR 1LQLPL]H WKH -PSDFW RI ;DWHUORJJLQJ
WLHUV LQ 40DQW 7FLMQFHffrrrX7 Q@BOB2 bBMXQ ;f "iB+H2fRyX
ji3Nf7THbXKYRNXyyROyY

+ 1F(RQDOG ;DWHUORJJLQJ @ WKHMFILIH €&XFH X §HBWXr X 960
;QpX mfr i2°"HQ;;BM;fr i2’HQ;;BM;@W1kW3yWNj@b+B2M+2

+ % 1RRUH %JULFXOWXUH ;HVWHUQ %XVWUDOLD DQG 2DWLRQ
JXLGH D KDQGERRN IRU XQGHUVWDQGLQJDQG PDQDJLQJ DJU
"HVWHUQ %XVWUDOLD 7RXWK 4HUWK ; % 3'0"

0 1+O0HU . OLSLHF 8 7 /RUQHFNL DQG 7 +HEKDUGW 8UDaFDE
SDJHV @ 7SULQJHU 2HWKHUODQGYV GRL
2iiT,ff/tX/QBXQ ;fRyXRyydfiNd3@Ny@93R@j838@RnRde

) ' 3)6/) '"URS ORVVHV WR SHVWV 8KH .RXUQDO RI %JULFXOWX
-772 GRL Vv 20iT,ff9IBX/QBXQ *;f
RyXRyRdfayykR38Ney8yy8dy3

) 3UHJRQ 7WDWH 9QLYHUVLW\ ,RZ WR 7WDUYH %QLPDOV ZL
7PDOO *DUPV 'RPPHUFLDTI%E, ff2ti26BQMXQ 2;QMbi i2X2/mf
MBK Hb@HBp2biQ+Ff#227f?2Qr@bi 'p2@ MBK Hb@7mHH@DbiQK +

6 % 40RVFKXN % % +ULPROGL ) 0 40RVFKXN DQG + + 7WUL
HYLGHQFHVY WKH ZDWHUORJJLQJ WROHUDQFH RI IRUDJH JUDV\

-772 GRL 2AS,fI/tXABBXQ ;fRyX
RydRf*SRdRjd



6 % 40RVFKXN ( . 1LUDOOHV 8 ( 'ROPHU ) 0 40RVFKXN DQC
RI;LQWHU '"URSV DW )DUO\DQG ODWH 7WDJHV -PSDFWV RQ OH

=LHOG *URQWLHUV LQ 40DQW 7FLHQFH 772
9®@0iTh,ffrrrX7 QMiB2 bBMXQ ;f "iB+H2fRyXjj3Nf7THbXK)
yR3ejf7TmPHQOLQH DFFHVVHG A

' 6 6DVPXVVHQ / 8KRUXS /JULVWHQVHQ DQG( & (UHVE-OO 9SV
PIDLOVWRDOOHYLDWH GURXJKW UHVSRQVH LQ GHHS URRWH
40DQW DQG 7RLO @ 772 GRL Vv
960?iiTh,ff/QBXQ ;fRyXRyydfbRRRy9 @BRN®@ Q%9 N@FHYVVHG
A

& BHQ . >KDQJ < OL < *DQ 7 (RQJ 4 OLX DQG & >KDR )IIHF
WKH \LHOG DQG JURZWK RI VXPPHU PDL]JH XQGHU YHOG FRQGL
RI 40DQW 7FLHQFH @ 772 GRL FM
2iiT,ff/tX/QBXQ ;fRYX9RORf+DTbkyRj@Rd8

6 4 7DQ 'HOHGRQLR 0 + %EHOHGR % - 1DQWHVH DQG ( . 1
DQG VKRRWELRPDVVUHFRYHU\LQ ZKHDW DQG EDUOH\ ZLWK W L

SUHZRZHULQJ 40DQW DQG 7RLO @ 772
Vv 296T0b,ff/QBXQ ;fRYyXRyydfbRRRY9 @3yRA@IKII @ R
DFFHVVHG A

1 7FKRQEHFN %Q )FRORJLFDO 9QGHUVWDQGLQJ RI ;HHGV
?21iTb,ff2Q°; MB+XQ ;fMQ/2fkjR90O, ,i2ti4dAMi Q/m+iBQM-Wk*WKky |
kyQi?2 WkyH ";2WKky; x2'b

2 8 7LQJK DQG + 7 (KDOLzZDO )IIHFW RI VRLO WHPSHUDWXUH
GLITHUHQW FURSV 40DQW DQG 7RLO @iTh, -772
ffrrrXDbiQ XQ ';fbi #H2f9KNEQYKVKHU 7SULQJHU

6 ) 7TRMND ( 1 3RVWHUKXLV DQG, ( 7FRWW 6RRW 3[\JHQ (HSU|
RIOHDI 7TWRPDWDO %SHUWXUH DQG +D ¥ i)[FoKk X QT HB I8 Db ¢
MrBb HX “bXmb/ X;QpfB/f2T BMif3kdfRFRRONXT/7

78%8&)0 0DQG HQ WXLQERXZEMHGTWLMYIH@2HX7; QpB#2fMHf
i?2K bfH M/#Qmr@pBbb2 BDfH M/@2M @ i ™ BQI@ DOH # 20 FEFIP2WH G
A

4 TWHGXWR 8 ' ,VLDR ) *HUHUHV DQG ( 6DHV 'URS\LHOG UHV¢
*%3 LUULJDWLRQ DQG GUDLQDJH SDSHU *RRG DQG %JULFXOW »
2DWLRQV B6RPH 3'0' RFQ

+ 7ZD\HU ' 30LJVFKO™JHU 2 /KDEDURY DQG % 8DVVD +URZLQ

0 8LDQ = >KDQJ 4 'KHQ * >KDQJ . OL * =DQ = (RQJ DQG &
'DWHUORJJLQJ 6HJLPH %IIHFW 'URS =LHOG# % +OREDO 1HWD ¢
7FLHQFH GRL ISOMiTh,ff/QBX®60fRYX
jj3Nf7THbXkykRXej93N3



8 & B8LPHV 4RRU ZHDWKHU FRQGLWLRQV WDNH D WROO
SURGXFWLRQ 2iiTEOEOrrX# mbb2HbIiBK2bX+QKfR3Rke9f
TQQ @r2 i?72°@+QM/BiBQMb@i F2@ @iQHH@QM@ #2H;B M@7QQ

Y G + .DONDQG. 7TFKRQHYHOG -QYORHG YDQJURQGZDWHUVW
JHZDVVHQ RS NOHL HQ ]DYHOJURQGHQJ bhWIHFHR U BRthWX QO
MHfkdjeej

% YDQ GHQ 4RO YDQ (DVVHODDU 0 &DVWLDDQVHQ %DQWMHYV
' X\JKH +UDVVODQG 9VH LQ )XURSH % 7\OODEXV IRU =RXQJ
VDLOOHV ?2iiT GBOM#HB+X2#HB#X+QKf+?QB+2fSm#HB+6mHH_2+
T4edjjNeBO"

4 :DQ 3RUW & 8LPPHUPDQV , 1HLQNH DQG 1 :DQ -WWHUVXP
DITHFWLQJ SRWDWR SURGXFWLRQ LQ 8KH2HWKHUODQGV )XUF
@ -772 GRL M HMDIf/tX/QBX 960

Q ;fTRyXRyRefDX2D XkyRRXyNXyyk

1 :LO+ ) 1 &HDXU\ (1 &OXPHQWKDO & % &UDGOH\ 6 )DUO\ ¢

(XNHV ' . & 7RUWH DQG - -E-!H] 9QGHUVWDQGLQJ WKH FRF
DQG FOLPDWH FKDQJH RQ FURSY )QYLURQPHQWDO 6HVHDUFK
772 GRL DIEH fIEtX9QB X Q ;fRy X

Ry33fRd93@Njkef #2RO#

; :)LVVHU (HODQGERXZZDWHUKXLVKRXGLQJLQ 2HGHUODQG 'RI
KXLVK 2HG 823 G

;" :LVVHU 'URS JURZWK DQG DYDLODELOLW\RIPRLVWXUH .RX
DQG %JULFXOWXUH @ -772 GRL MV
200T,ff/tX/QBXQ " ;fRyXRyykfDb7 Xkd9yRyyRyYR

. ) ;HLODQG 7RLO 4HVW 6HCODWhROWMKLDSW2ifTm#6B+ iBQMbf
7Q°2bi@Mm b2 'v@T2bibfbQBH@ T2b?@QDH. QBIQ BB EBIVH/ H G
A

‘HVVHOLQJ )QLJH DVSHFWHQ YDQ GH ZDWHUEHKHHUVLQJ LQ
LQ :HUVODJHQ YDQ ODQGERXZNXQGLJH RQGHU]JRHNLQJHQ

LMEHGULMI 7XPPDU\ LQ )QJOLVK %DQ GH NRS YDQ GH WL

'XOWXXUWHFKQLHN HQ :DWHUKXLVKRXGLQJ :DJHQLQJHQ

. CHVVHOLQJ : 6 ;LMN 1 *LUHPDQ & ( ;:RXGW DQG 6 1 ,D.
DJH LQ 6HODWLRQ WR 7RLOV DQG 'URSV SDJHV @ .RK
GRL DIJURQPRQRIIWUTLFIFQMEBM2HB#" “vXrBH2vX
+QKf/QBf #bfRyXkRjOf : " QMK DHIRWLIRXGF 8: BHSULQW KWWSV R«
UDU\ ZLOH\ FRP GRL SGI DJURQPRQRJU F

= :X 8 OLX 4 4DUHGHV 0 (XDQ DQGO 7 4HUHLUD ;DWHU XVH E\
PDL]HLQ D VHPL DULG UHJLRQ RI -QQHU 1RQJROLD )YDSRWUD
FDSLOODU\ ULVH %JULFXOWXUDO ;DWHU 1DQDJHPHQW |
GRL M DJZDW 2iiTh,ffrem0b+B2M+2/B 2+iX+QKfb+B2M+2f
"iB+H2fTBBfayjd3jdd9RBYQYKE@H DFFHVVHG A



7' >LSSHU 1 ) 7R\OX ) + &RRWK DQG 7 4 ORKHLGH -- 9QWDQ
JURXQGZDWHU DQG VRLO WH[WXUH DV GULYHUV RI VXEYHOG
6HVRXUFHY 6HVHDUFK @ GRL ?iiTh, ;6 ¢
ff MTm#bXQMHBM2HB#  "vXrBH2vX+QKf/QBf #bfRyXRyykfkyR8q_



4DUW --

1RGHOLQJ IUDPHZRUN



(LDQD )VWUHOOD 8RP (H7ZDHI 7DUDK +DUUZ

" QWURGXFWLRQ

% +-7 DQDO\VLY EDVHG RQ DYDLODEOH VRLO DQG FURS PDSV RI
LGHQWLI\DUHDV RILQWHUHVW 8KHORFDWLRQV ZKHUH WKH ZD\
EH PRUH DIIHFWHG E\ ULVLQJ JURXQGZDWHU O4RMAHILDOA GXH WR V
GUDLQHG VRLOV ZHUH GHZQHG DFFRUGLQJ WR WKH GUDLQDJH F
1DS8KH GRPLQDQW VRLO W\SHV DQG ODQG FRYHU W\SHV LQ WKH
PRVW UHOHYDQW FURSV DQG VRLO W\SHV WR EH PRGHOOHG 8K
ZDVDOVR XVHG WR WDUJHW LQWHUHVWHG SDUWLHV VXFK DV IDU
YDOXDEOH IHHGEDFN RQ WKH SURMHFW PHWKRGRORJ\

8KH GRPLQDQW FURSV LQ SRRUO\ GUDLQHG VRLOV ZHUH LGHQV

(HYQH ESRRUO\ GUDLQHG VRLOVF EDVHG RQ WKH GUDLQDJH
7TRLO 1DS

JIWUDFW WKH DUHDV ZLWK VRLOV WKDW PHHW WKH GHYQLWL
- QWHUVHFW WKH ODQG FRYHU PDS ZLWK WKHVH SRRUO\ GUD

'RPELQH WKLV UHVXOWLQJ PDS ZLWK WKH PDS RI WKH *OHPL
DUHD RI FURSY SHU SURYLQFH LQ SRRUO\ GUDLQHG VRLOV

I1DWHULDOV DQG 1HWKRGYV

8KHDQDO\VLV ZDVGRQHXVLQJVRLODQGODQGFRYHUPDSV FRO
DQG WKH VRIWZDUH 5+-7 8KH (LJLWDO 7RLO 1DS RI WKH *OHPL

FRQWDLQV WKH VRLO WH[WXUH DFFRUGLQJ WR WKH &HOJ
VWDWXV DQG SURYOH GHYHORSPHQW RI WKH VRLO 8KH %JULF)>
FRQWDLQV WKH RYHUYLHZ RI WKH SDUFHOV ZLWK DJULFXOWXUTL
WXUDO LQIUDVWUXFWXUH *RXUDJULFXOWXUDO XVHPDSV IRU \
DQG ZHUH XVHG LQ RUGHU WR HVWLPDWH WKH DYHUDJH FURS
LVPDQDJHG E\WKH (DWDEDVHRI7XEVRLOV *ODQGHUV (3: DQG
-Q DGGLWLRQ ZHDVNHG WKH *OHPLVK )QYLURQPHQW %JHQF\
RI DUHDV ZKHUH UHZHWWLQJ LY RQ WKH DJHQGD LQ WKH FRQWH
SURYLGHG XV ZLWK IRXU &O0XH (HDO ZDJVKLS SURMHFWYV (XQH |
2HWH DQG 6LYHU UHFRYHU\ OHLH
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