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$ FLRWWH, QMLP RXQWILQ: HWERZ P RXQWALQVDQG | RRWLAY DLH EDQNHWG E\ SLO\ RQ MQLSHU

Z RRGDQGV 7KHVHHTRM WP VFRYHUP RIHWDQ P LARQ DRLH  VXSSRUAD GLYHIWH VXIW R SOOWDQG
Z LGOI HVSHAHY SURYLGH RSSRUMQMAY | RUUHAUHDWRQ DQG VRIWMGH DQG FRQWLEXW VR WLEDODQG UXLDO
QYHIKRRGV %R  : RRGOMQGV DRQIMGH DQG LOMLP L HG Z LW RHUJWDWDQG \KUKEMQG DQG | RIHW
HRV VWP V DUHDQ LP SRUBQWSDUARI WHP RWDIFRI RXU: HMMUQ @QGVDSHY %R, Q SHOMMOQW

Z RRGDQGV Z KHH SLQ\ RQ SLOH DQG MQLSHUWHHV KDYH EHHQ JURZ LQJ | RUKXQGUHGV VR WRXVDQGVRI

\ HDUV AKDQIHV RFFXULQJ DWERFDODQG UHI LRQDOWDBNVP D\ WUHDWAQ WH UM @HQFH DQG SHMMMOFHRI
WHH Z RRGDQGVLQ SDUNRI WHELRP H

$ OMRXIK [P SHUGG WKUXE@QG JIDWMQG DQG | RUVAHFRV VIMP VLQ WH UHILRQ KDYH MV LDE® UHFHLYHG
Vi VWP DWF FRQVHUYDWRQ DWQWRQ UHIWYHD @B | RFEXV KDV EHHQ RQ DGGUHWMQI WHVXIW Rl LOWULHIWG
FKDQIHVI DALQJ SHMMMQWZ RRGDQGV VXK DV LQFUHDM.QJ WHH GHQVMHY DQG GRADA] HG SLQ\ RQ SLOH
SRSX@MWRQ GHFQQHV LQ WHFROW] WRI FKDQILQJ FOP DWW 7 KLV UHSRUAKLI K@ KW UHFHQWHRLHQPH RQ SUP DU,
WU-DW R SHMMMOWZ RRGDQGV LGHW LHVWH LRBI Rl FKDQILQJ FOP DM DQG KLIKQWKWQHZ H IRUNDQG
DSSLRDFKHVVR GHYHERS P DQDIHP HQWADWI LHV | REXMQJ RQ EXLAEQJ SO\ RQ MQLSHUZ RRGDMQG KHDIK
DQG FOP DM UAMOHQFH

{5RPPH HW DO



https://www.sciencedirect.com/science/article/pii/S1550742409500395
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$VWKH ELRP H\FDB! Z RRGDQG FRYHULY LOFUHDMQJ DVSLQ\ RQ
DQG MQLSHUVSHALHVH, SDQG LOVR VKUKEDQGV DQG J UDWDQGY
Z KHHWHHVKDYH QRWILRZ Q LQ UHFHQWKLMRU DQG LQILAD

H LMAQJ Z RRGDQGM ' HVSLW D QHALQFUHDVH LQ WHH FRYHU
ELRP HZ LGH LQVRP HSHMMMOWZ RRGDQGY SRSXAMWRQVDH

GHFOOLQJ DVWHHVGIHRI GURXJIKWZ LGB LLH DQG LOVHANDQG
GLMHDVH RXVEUHDNMU + LIK WHH GHOVW D UHVXOAR! LQILGDP D\

LQRP HFDVHVH DFHLEEDWIP RUBAW; @ KHQ P RUBAOW LVQRW

EDDOQFHG B\ UHAUXLWY HWRI QHZ WHHV SRSX@MMWMRQ GHFIOHV
RAFXU WHYR]

g
:

R N
+ MRUFDAOP DIHU WKRZ VKRZ FRQUHWKDYHEHHQ

H SDQGE.QJI WHUI RREBUQWDQG LQI L@QJ H MAQJ Z RRGDQGV
RYHUWP H @\NHWLVH DP S®1LQ 2 QHGD &RXQW 1 HYDGD

+ MRUFDAP DIHVIWRP 86* 6 6LQIMH) LDP H$ UKLYHILWRP WH
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3 HMMWHOWSLQ\ RQ MQLSHU Z RRGADQGY DUH
GRP LODQWZ KHHVRLY FOP DM DQG GIMMUEDQRH
UHJLP HVDUH I DYRWDE®! | RUWHHJILRZ W, DARZ LQJ
P L] HG DIHG WEQGVZ LW RE WHHV\R GHYHIRS
3HMMWMOWZ RRGIQGVDUHFRP P RQ LQ DUHDV
Z IW UXJIHG \KDARZ  FRDUH W[ VWUHG VRLOY
Z KHUH I LLH LVLQN LHTXHQW: - RRGDQGV.JHQHLD
WDQVMRQ VR | RUAVV Z KHUH FRQGIMRQV | DYRU
P RUH | LRWWRGILDQWFRQU HUVSHALHY

RRGHG VKUXE@QGV DUHFRP P RQ Z KHLH\RLY
DQG FOP DWW FDQ VXSSRUAERW WHHY DQG \KUXEV
7UH DQG VKUXE GRP LODWG SDWKHV RFFXULQ D
G\ QDP LF @QGWDSHP RVDLF GLLYHQ E\
GIUEDQRH KIMRU 7 UHHV JHOHLDAD H SDQG
WHUI RRBUWGXUQI P RMASHURGYDQG Z KHQ
GIMXLEDQFHLV®Z  DQG FROWDPWGXUQ]
GURXIKWDQG DIWMUGIMXLEDQFH :  RRGHG
VKUXE@QGVP D WDQVMRQ VR VKUXE@QGV RU
JUWDWIDQGVZ KHUH FRQGIMRQV DLH FROVMMOVD
WRRGU W VXSSRUABLQ\ RQ DQG MQLSHUWHHY
31O\ RQ MQLSHUVDYDQQDV DUH I RXQG Z KHLH
@FDOVRLY DQG FOP DWW DUH VXLVRE®! | RUERW
WHHV DQG JUDWHV 5 FVHDURKHWY EHOHYH WDWIRZ
VHYHUW I LLHVP D\ KDYHP DIQWAQHG BZ \WHH
GHOMMAVEH RUH 1 LLHVXSSUMWIRQ EXVIMWD
LQIRLP DWRQ LV DYDLME®! 6DYDQQDVP D\
WDQMMRQ R JUDWDQGV Z KHH FRQGIMRQV DUH
FROVUMMOWD VR GU. VR VXSSRUMNMHHY

VWLRXJKWH  VDUHFRP SDLHG VR FXUHQUWDWCIMM 3GDWHWHHUWRERP P HHADO _ IRUIXUNHU
lP DUHU 7RYLHZ KIMRUFDOP DIH) LQ P RUHDUHDV VHHWH GHVILOY RO HDFK YHT FVMRQ WSH
‘5 DQIHDOG $ QDO V3MARP -+ MWRUFDO.P DIHJ. SLRGXEW
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$VWH: HWEHRP HVZ DLP HUDQG GUHUXQGHUD FKDQILQJ FOP DM LOFUDVHG Z LGB LLH GLRXIKWDQG
LOVHPADQG GLVHDVH RXVEUHDINV DUH SUHGLPMG 7 KHVH GIMXUEDQRHVZ HH LP SRUBIQWQ GLLYLQI \WQG DQG
HFAR WP G\ QDP LFVKIWRUFD@ < EXVWKH VKDSHG Z RRGIQGY DALHIMMYHD VP DAVSDAWDOWDBN 7RGD
FQP DWW FKDQIH LVH SHAMG VR H DFHLEDWWH VFD®! VHYHUW DQG LP SDFWRI FRQWP SRUDU. GIMUEDQRHV
@NH GLRXIKWDQG Z LGH LLH $ VD UHVX@VZ RRGIQGY DAMBRFDOR UHJ LRQDOVDBNVLQ VRP HSDUNRI WH:  HW

FRX@ GRRN FROMGHDE® Gl | HIHQWQ WH | XWUH | GRW DQG SRSX@MWRQ GHFOHY FROWQXH + LIK GHOMW R
WHHVIQWRGD VZ RRGIQGVP D\ FRQWIEXW VR ERW KLIKHUP RUBAIW UM DQG GHIWDGDARQ R! Z LABM H

KDEMW

HDLOLSSHOOL HWOMAHU HW BBH DOSROWKM -XQLSHU (QFURDFKPHQW UWE K EHYVRIOWS DRMHF W
JODNH DQG HLVE&LMDRSEHOO HW-DKOLENH HW.D@OHQEHUJ HWOXOQLYHU HW)D®ONH DQG
:HLVEHUJ 9LOOHU HW DO

> @


https://www.sciencedirect.com/science/article/pii/S1550742409500395
https://www.sciencedirect.com/science/article/pii/S1550742409500395
https://smorford.users.earthengine.app/view/northern-great-plains-historical-imagery#lon=-113.104292;lat=46.959157;zoom=15;
https://rangelands.app/historical-imagery/
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.13193
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.13193
https://iopscience.iop.org/article/10.1088/1748-9326/ab6785
https://iopscience.iop.org/article/10.1088/1748-9326/ab6785
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr403.pdf
https://www.pinyonjuniperproject.org/
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1831
https://www.sciencedirect.com/science/article/pii/S0034425720302236
https://ntrs.nasa.gov/api/citations/20220006171/downloads/When%20in%20Drought%2C%20Map%20it%20Out.pdf
https://ntrs.nasa.gov/api/citations/20220006171/downloads/When%20in%20Drought%2C%20Map%20it%20Out.pdf
https://ntrs.nasa.gov/api/citations/20220006171/downloads/When%20in%20Drought%2C%20Map%20it%20Out.pdf
https://www.sciencedirect.com/science/article/pii/S0378112720314080
https://onlinelibrary.wiley.com/doi/abs/10.1111/geb.13582
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1831
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1831
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr403.pdf
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&QP DM GLLYHQ Z RRGDQG GHFQQH KDVD@HDG RAFXUHGLQVRP HDUHDV %R $VD UHVXO\RI FOP DM
LOGXFHG GLRXJKVDQG LOVHPADQG GIMHADVH RX\VEU-DNV DQ VAP DWMG P LADRQ V. R QHHG®1 SLO\ RQVLQ WH
&REUDGR 3MMDX Z HH NLABIG LQ WH HDUD \& ,QWH* UDW/DMQ GRFDA HG P RUBOW R MQI® ®DI
SLO\ RQ LQ WH @WGHFDGH KDV EHHQ DERXWHLIKVWAP HV JU-DWIUWDQ Z KDWZ DV SUHYLRXVO® HVAP DWG=
“XQLSHUVSHAHY  Z KLFK DUH EHDHYHG VR EH GM/ \VXVPHSWE ! VR GLRXIKVEHFDXVH Rl WHUGHHS LRRWDQG
DELOW \R P DLOWLQ SKRRV QWHY GXUQJ Z DMUMAMHW  DUH H. SHAMG VR LOFUHDVH LQ GRP LQDQFH DV
SLO\ RQ \SHAHV GHFAQH + RZ HYHU VHHP LQI® HYHQ P RUH GLRXJ KVWRBILDQWK QLSHUVSHALHV KDYH

H SHUHQFHG UHFHQWERFDA] HG P RUBAW LQ SDUNR! 8 VBK DQG $ U] RQD>

,Q DGGMRQ VR GLRXIKWZ LGB LLHW] H [UHTXHQR  DQG VRVBODUHD EXUQHG LV LOFUHDMQJ LQ Z RRGDQGV DFLRW
WH: HVWDFFRUGLQJ VR DV QIKHMVE\ WH5RAN 0 RXQWILO 5 HVHDURK 6VMRQE 7 KH DXWRUY UHSRUAMDAWIKH

@U HVALQFUHDVHY DUH EHQJ VHHQ LQ WH QRUKMHLY , QMLP RXQWILQ UHILRQ Z KLFK LOFOXGHVP XFK Rl WH
* UHDW/ADMLQ * UHDWAUEXUQ DUHDV DUH @NHO RAFXULQJ DVD UHVX@\RI FOP DM FKDQUH DQG LQYDMYH DQOXDO
JUDWHY Z KLFK P D\ FDU 1LLHIURP  DGNDFHOWAKUXE@QGY RUJDWIDQGV LR Z RRGDQGY 6XEWBQWDOM-H
P RUBIW KDV EHHQ GRFXP HOWG LQ WH VRXWHUQ * UHDW/DM.Q DQG &RARUDGR 3MWDX LHILRQV DAKRXJIK
VRECZ LGB LLH Z RRGIQG GRW DRLRWWH ELRP HKDV QRAEHHQ \BADHG

OHGGHQYV HW DFODNH :HLVEHBIDPSEHOO HW. D@OHQEHUJ HWIDHOQLFNH HW DO
&RDUG HW DO
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3RSXMARQ JURZ W
DWW
GHP RQVADW
SRSX@MWRQ WHQGV
ERE HHQ DQG
IRUILYH
FRP P RQSLQ\ RQ
DQG MQLSHUVSHALHY
7Z R QHHGBISIQ\ RQ
\KRZ VWHP RW
XEVWBQWDO
GHP RIWDSKIF
GHFOOH Z LW DERXW
Rl SRSXMWRQV
GHRUDMQJ -XQISHU
\VSHALHVWQG R EH

WEE®! RULQFUHDMQJ
LQP RWMR WHU

DQIHV * HOHLD®

'"HFUHDVLQJ

Z KL SRSXOMRQV
DUHJIURZ LQJ RU
WEE®LQ FRRBIUDQG
Z HMAUDUDV 7UHH
GRWGEXHWR ILLHZ DV
H FXGHG ILRP WLV
DQDO Y 6HHB6KUYHU
HRDO_ IRU

P RUHLQIRWPP DWRQ
RQ GDW DQG WHQGV



https://onlinelibrary.wiley.com/doi/abs/10.1111/geb.13582
https://nph.onlinelibrary.wiley.com/doi/full/10.1111/nph.13193
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/eap.1831
https://www.sciencedirect.com/science/article/pii/S1550742409500395
http://sciencedirect.com/science/article/pii/S0034425720302236
https://www.sciencedirect.com/science/article/pii/S0378112720314080
https://ntrs.nasa.gov/api/citations/20220006171/downloads/When%20in%20Drought%2C%20Map%20it%20Out.pdf
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr372.pdf
https://www.sciencedirect.com/science/article/pii/S1550742409500395

$ GELAWRQDOHYLGHQFH ViXJ JHVIWWDWQ \VRP H S@FHV SLOQ\ RQ
MQLSHUP RUBOW LVOQRWEHQJ RIIVHE\ UHJHOHDWRQ 1 HZ

UHVHDURK OGE\ ' U 5 REHUMBKUYHU SOQWHFR®RIMADQG
SRSX@MWRQ ELRBRIMADMWKH 8 QLYHOMW R 1 HYDGD 5HQR
GRFXP HQWG GRFD@] HG SRSX@MWRQ GHFOOHVLQ SDUNR! WH
WDQIHVR! IRXUR WHILYHP RWIFRP P RQ SLQ\ RQ DQG MQLSHU
\VSHAHMC 6KUYHUVWDP | RXQG WDWE R QHHG®I SLQ\ RQ LV
QNHO WH P RWWXVFHSWEGT VR FOP DWW LHIDWIG GHFOOH Z [W

Rl SRSX@WRQV LQ WH GUHWFRQGIMRQV GHFOQLQJ
EHE HHQ DQG BKULYHUV UAMHDURK SLRYLGHV
HYLGHQPH WDWHI HOHLDARQ HVSHALDAD LQ WH KRMAMDQG
GUHWDUDV P D\ EH@P WG IRUVRP HVSHAHV ,QP DQ\ RWHU
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SOFH WHHVDP HVSHAHVY SRSXMWRQV DUH LOFUHDMQJ RU
WREGI @\NHO DVD URVXAORI LOAUHDMQIO VXIVRE®! FOP DWF

FRQGMRQVDQG AN Rl GIMUEDQRH LQ WRVH GRFEDWRQV
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/ INHP DQ\ : HVWMUQ IRUIHAWWVSHY P DQ\ Rl VRGD\ VZ RRGIQGVDLHP XK P RUH GHQVHWDQ KIMRUF

Z RRGIDQGV 7KLVKLIK WHH GHQMW LQFUHDVHV P RUBAW UW Z KHQ GIMMUEDQRH RUMWHWRUVRFFXU @ LWIQ
H MAQJ Z RRGDQGV QI RULQFUHDMQI WHHGHQMW KDV RFFXUHG WILRXIKRXWMH W FHQWU,
EXLAELQI XS I XHOBRDGY DQG GHIWDGLQJ Z LGBM HKDEMMA $ OMRXJIK LOFUHDVHY LQ WHH GHQMW DSSHDUWR EH
Z IGHVSUHDG WH RFFEXUYDUDE® DRIRW WH MQGVFDSH DQG WH.U FDXVHY DUH QRWZ. HIDXQGHUWRRG{t

5 HM-DUFKHUWY EHDHYH LOFUHDVHG GHOMW LV @UHD D UHVXAO\RI FOP DW FKDQIH I LLHH FOXMRQ UHFRYHU ILRP
KIWRUFDOP DQDIHP HQWDQG HQKDQFHG DWW RVSKHULF FDUERQ GIR] LGH{t 7 KHVH GLLYHUW @NHD YDU LQ WHU
P SRUMQFH DRLRW WH @QGVDSH DQG UAMHDUFKHUY FDXWRQ DI DLQWADWMEXWQJ GRFDOFKDQIHVVR DQ\ RQH
GUYHUZ IWRXWERFDWRQ VSHAL LF HYLGHQRH

81,9(56,7<2) 1(9%' $ 5(12

5 HIDUSBMWR WHFDXVHVR! LOQILED I RUMQI®B! BDI SO\ RQ VZ R QHHG®I SLQ\ RQ RQHVHHG MQLSHU DQG 5 RAM
0 RXQUILQ MQLSHU KLIK WHH GHQVMHV KDYH EHHQ VKRZ Q VR LOPUHDVH FQP DM DQG GLRXJK\WUHDWG

P RUDQW{u P DNLQ) WHP P RUH YX@HLDE® R FOP DM GLLYHQ GIMMUEDQFHV ) XUMHU KLIK WHH GHOMW LV
WRXJKVWR GHRUHDVH KDELVWT XD@W | RUSLO\ RQ MQLSHUREQ@I DWW VSHALHY @NHWH SLQ\ RQ N, Q\VRP H
SO@AHV WY WRXJI KV DWLHGX PARQV LQ WHH GHOMMWHVP D KHS VR UHGXFH P RUBAW UM DQG LP SLRYH

Z Q50 H KDELVDW
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$VWHF@QP DM FROWOXHVVRZ DLP DQG GU. FQP DM
UHIWIG Z RRGDQG P RUBOW LVH SHAMG R FROWOXH;

. WG UHZ LOIWRZ IWIRRBUQWK DVZ LELQYDMYH DQQXDO
JIDWHME : LGHVSUHDG RWRI Z RRGDQGY HVSHADAD LI
HARV VWP WM FRQYHUMRQ VR LQYDVLYH DQQXDOJ LDW

P RQRPXOXUHV RFFXUY DA H VFDBV FRXGE LP SDFW

HARV VWP VHUYLFHV @NH Z DWMUVXSSO  FDLERQ WRUDIH DQG
FOP DM UHIX@MRQ(= $ GGLIMRQD®  WHVH FKDQIHVZ LaD
QNHO FROQWLEXW VR GRWRI UHFUHDWRQDO FX@XLDO DQG
DHVMHAF YDOXXHVZ KHHWH. RFFXU ) RUSLO\ RQ MQLSHU
DWRALDWG Z L@@ H VSHALHV @\H SLQ\ RQ N\ V Z RRGDQG RW
DQG GHJUDGDMRQ LVH SHAMG VR UHGXFH DYDLADE®! KDELVIME
DQG FRXGE FROWLEXW VR \SHALHV GHFQQHV 0 DQDIHUYZ LGD
KDYH R FROWQG Z LW WHVH FKDQU HV DQG WH XQFHUBLQW
VXULRXQGLQJ WHUFDXVHVDQG LP SDFWDVWH EDDOFH
HARV WP DQG KXP DQ QHHGV LOWR WH | XVWUH

{cBKUYHUHWDO {{) LOSSH® HADO 0 LAGUHADO {t5RP P HHADO {UBKUYHJHADO JODNH DHIG/EHUJ
{0LOOHU HWOFORZHOO HW D{@OVK HW DGREDW]RJORX HWFDOKRQ HW D@XDUGLROD
&P ROWM HADO 0 LAUHADO {ZRROHHWDO 0 RUDOR HADO
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https://onlinelibrary.wiley.com/doi/abs/10.1111/geb.13582
https://iopscience.iop.org/article/10.1088/1748-9326/ab6785
https://www.sciencedirect.com/science/article/pii/S1550742409500395
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr403.pdf
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr403.pdf
https://www.sciencedirect.com/science/article/pii/S1550742409500395
https://www.sciencedirect.com/science/article/pii/S1550742409500395
https://onlinelibrary.wiley.com/doi/full/10.1111/geb.13582
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1831
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/eap.1831
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr403.pdf
https://www.nature.com/articles/nclimate2873
https://nca2014.globalchange.gov/report/regions/southwest#statement-17100
https://www.sciencedirect.com/science/article/pii/S1550742411500545
https://onlinelibrary.wiley.com/doi/full/10.1111/ddi.13232
https://www.sciencedirect.com/science/article/pii/S0022169411004264#!
https://www.sciencedirect.com/science/article/pii/S0022169411004264#!
https://www.fs.usda.gov/rm/pubs_series/rmrs/gtr/rmrs_gtr403.pdf
https://www.researchgate.net/profile/Kristine-Johnson-5/publication/327942166_Long-term_declines_in_the_Pinyon_Jay_and_management_implications_for_pinon-juniper_woodlands/links/5bb7860d92851c7fde2f12b1/Long-term-declines-in-the-Pinyon-Jay-and-management-implications-for-pinon-juniper-woodlands.pdf
https://esajournals.onlinelibrary.wiley.com/doi/full/10.1002/ecs2.2811
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5HOHZ HG H IRUALY QHHGHG WR P SLRYH Z RRGDQG FOP DWW UHMMHOFH RUWH DELAOW | RUZ RRGDQGVWR
H SHUHOAH FOP DWWl LHDWIG VWWHWRWYY  NH Z L@ LLH GLRXIKWDQG LOVHRADQG GIM-DVH RXVEUHDINV

Z WKRXWFRQYHMRQ VR DQ DAMUQDWYH HFR VWP MW XK. DV DQ LQYDM.YH DQOXDQI LDW

P RQRFXAMUH ' HVSLWM GRFEDOVR UHJ LRQDOFRQPHUQV DERXVP RUBXIW DQG GHFOQLQJ Z RRGMQG KHDAK
SHMMMOWSLO, RQ MQLSHUZ RRGMQGV KDYH QRWHHQ WHVDP H FRQVHUYDARQ | RFXV DV RUAVWLQ WH

© HW, Q RWHUI RUAWVSHY ELADRQVRI GRAIDUY DUH VSHOWHDFK \ HDURQ | RUAVAWLHWRUDARQ | XHY
UHGXPARQ DQG ILLHP LMIDWRQ[é $ AMRXJIK SDWADQG RQIRLQI H I RUNKDYH | RFXVHG RQ | XHY UHGXPARQ

1Q SLQ\ RQ MQLSHUZ RRGDQGV DGGLMRQDOLQYHWR HQWY QHHGHG VR SLRP R FOP DWW UHM.HQFH
Z RRGDMQG KHDOK DQG Z LABM H KDELVIW RDY LQ DGGIMRQ VR | XHY UHGXPARQ JRDY &RADERUDWYH

VALHQRH GLLYHQ H | RUN DUH QHHGHG | RUZ RRGDQGV DQG WHULOKDELVEQW VIXFK DVWH SLQ\ RQ N\
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7R EDDQFHWH QHHGVRI SHRS® DQG Z LGB H
@QGVWFDSH VFD®! SURUW DAWRQ LV QHHGHG R SXW
WH UWIKWAHDW HOW LQ WH LLIKWS@MFH EDVHG RQ
HFR®RJ LFDODQG VRALDOFRQUGHIDARQY ©  RUNLQJ
Z LW SDUQHYY  LOFOXGLQJ 7 UEDOL DARQV @QG
P DQDIHW UHVHDUFKHUY DQG VSHALDOLOWAHW
JURXSV  DALRW \FD®N DQG | HOFH @QHVFDQ
DFKLHYHD P RVDLF Rl FRQOHAWMG GLYHUH KDELVDW
Z LW P XOMS®IEHQH LW $ QHZ FRADERUDWYH
GRLQJ WLV LQ WH HDVWMUQ 6LHUD 1 HYDGD LV
KUKQKWGLQY%R  $GGWRQDOVP LAOUH |RUV
DUH QHHGHG DRLRWWH, QMP RXQWLY . HALQ
RUGHUVR P DNH P HDQLQJ I XQI DLOQVLQ WH FOP DM
UMOHOFHR! Z RRGDQGV DQG RWHUKDELVDW
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$VWHGHFOOHR WH SLQ\ RQ NI\ DQG

Z RRGDQG GIH Rl VRXQGVWHDDP | RUWLY
YX@HDE® HFR WP VALHQWWAV DQG

P DQDJHWVDUH UHFRIQL] LQJ WDWQHZ
DSSURDFKHV DUH QHHGHG DWDQGWDSH GIYHY R
FROVHUYH SLQ\ RQ MQLSHUZ RRGDQGV DQG WHU
LOKDELVDQW $ OMRXJIK H SHUN DIUHH DPRRQ LV
QHHGHG WHHLVP XFK VR EH GDUQHG DERXW
P DQDILQJ Z RRGDQGVIRUFQP DM UMOHQAH

Z L@@ H KDELWWDQG RIKHUJRDY <HAWWH
FROVHUYDARQ FRP P XQIW FDQ WZ DLVWR \WBUN
LP SGP HQWQJ SURDAWYH Z RRGDQG

P DQDIHP HQWAHDW? HQW 5 HVHDUFKHUY DQG

P DQDIHV DUH LOPUHDMQI® Z RUNLQJ VRIHWHU
VR EXLTS NQRZ BIGIH RQ WHVH VRSLFVDQG
GHYHIRS JXLGDQFH RUP DQDIHW Y%R[ HV
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,Q WH&RMUDGR 3MWDX Z LGHVSUHDG Z RRGDQG \
GIHRI1 KDVRFEXUHG DVD UHVXO\R! Z L@ LLH '
GLRXJIKWDQG LOVHRADWERNV \ HALHVHDURK LV _, O s
QHHGHG VR XQGHUAEQG Z KDWP DQDIHIVFDQ GR S L, s
6RXWZ HWRMRLDGR | XHY VSHALDOMWV DQG . T
UHVHDUFKHUWY KDYH FRP HVRIHWHUVR :
H SHUP HQW@ DWHWWHH ILFDR R GLITHUHQW
MY LFXOXUDOM-DW? HOW LQ HOKDQALQJ SLO\ RQ
MQLSHUHRV WP KHDAM DQG UHGXALQJ | LLH UM RQ 9%XUHDX RI / DQG 0 DQDIHP HQW% 0 MQGV

7KLV IOMUGLMAS@QDU. WDP LVZ RINLQJ VRIHWHUWR P SGP HQWHSOFDWG OYLEXGMLDOAMHDVW? HQW WDW
YDU LQVSDWDOFRP S®{ LW DQG DP RXQWRI WILQQLQJ DRLRW DQ HBYDWRQDOI LDGIHQWASDQQLQI I WRP P LG
HBIYDWRQ a IWWR KLIK HHYDWRQ a IWSLQ\ RQ MQISHUZ RRGDQGV $ P DNRUJRDCRI WLV H | RUNY
VR XQGHUMBQG KRZ  WHVH LHVXGAQJ FKDQJH\/LQZ RRGDMQG WX P UH LQI OXHOFH WHH KHDAOM  LOFOXGLQJ WHH
P RUBOW SLOH QXWSURGXPWRQ DQG JLRZ W LDWV
XQGHUMRU YHIHVIMRQ DQG ELLG SRSXMWRQV
7KURXJIK | XHW\VDP SQQJ DQG VSDWDAM H SOAW

Z L@ LH EHKDYLIRUP RGHDQJ WLV SURMPWZ LADOR
DWHWKRZ WHVHWHDW? HQW LQI OXHQFH | LLH EHKDYLRU
XQGHUYDU LQJ Z HDWHUFRQGIMRQV\R KHS DIG

[ X\ UH VLOYLEX@XLDOWHDW HOWGHWLI Q DQG

SOFHP HOWS QI DQ DGDSWYH P DQDIHP HQW

[LDP HZ RINVR P RQIVRUDQG | XUMHU LH LOH
VOYLFX@XUDCDSSURDFKHY WLV SURMPWDLP VR
SURYLGH VRRY QHHGHG VR SLRP R GLRXJ KWLHVLDHQFH
DQG UHWRUH HFR®RI LFDOLQWI UW VR SLQ\ RQ MQLSHU
HRV WP VIQ WH UHILIRQ 7KHWDP Z LDOR
GHYH®RS D @QGWDSH SURUW DWRQ | LDP HZ RUN VR EH
XVHG E\ P DQDIHW\R LGHQW\ Z KLFK WHDW HQW Z LD
EHP RW\H | HAWYH DWDFFRP SOWKLQJ P DQDIHP HQW
JRDYY DALRW Gl  HHQWDUHDV

) XQGLQJ |RUWLY SLRMPWZ DVP DGHSRWEME\ WH
%4 SDUAVDQ . QI LDVAXPMIH/ DZ %/ .
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,Q &D@ RUQLD VHOWMR 6LHUD 1 HYDGD D JURXS
Rl DIHQR P DQDIHW 7UEDOL DWRQV DQG
UAVHDURKHUY DUH Z RINLQJ VRIHWHUVR GAMIQ D
@QGWDSH VFD® P DQDIHP HOWSLRWPR
LOFUHDVH Z RRGMQG UHVOHQFH VR GLRXIKWDQG
ILLHZ KL® SURMPAQI FXOXUDOYDOXHV I RU

, QGLIHQRXV SHRS®N DQG LP SLRYLQJ RYH.D@HR WP KHDOM $ FRUHFRP SRQHOWR WH SLRWMPWLY WH FR
®DGHUKLS Rl 7UEDOL DWRQV UHFRIQ LQJ WHLP SRUBQFHR! SLO\ RQ MQLSHUHFRV VWP VI RUWH FXAXLDO
LGHOWAHY FHUHP RQLHV DQG WDGMRQDOSDPWAHVRI , QGLIHQRXV SHRS®V 7KURXJIK WH SUQFLSBVR VKDUHG
IMZ DUGWKLS WH SLRMPWZ LASLRGXFH D P DQDIHP HWS@Q | RU DALHVRI @QGVRQ WH %LGIHSRUN

' IMAMPWR WH + XP ERGBAT R DEH 1 DARQDO) RUAVW7 KHJILRXS IRWP HG LQ VR DGGUHW K DUHG FROFHIQV
DERXWSLQ\ RQ MQLSHUZ RRGDQG YXM@HDELOW R FOP DM FKDQIH DQG WLV GHP ROVADMWRQ P DODIHP HQW
SURMPADLP VR SURYLGH D WDQM HLDE® | LDP HZ RUN WDWADQ EH DGDSWG VR P HHWIMH QHHGVRI @QG

P DQDIHWVLQ RIHUDUHDV 7 KH SLRMPWZ DV UHPHQWD DZ DUGHG DWUHH \ HDUS@QQLQJ JIDQWILRP WH 6LHUD

1 HYDGD &RQVHUYDQR V: L@ LLH5 HARYHU DQG ) RUHWAB FVLHQPH J LDQWSURI LDP

EXUHMD WHJIURXS LVZ RINLQJ VR GHYHIRS P DQDIHP HQWRENMPWYHY DQG DOMUQDWYH WHDW HOWGHWIQV
GLDZ LQJ RQ, QGLIHQRXV 7 LDGMRQDY FRBRILFDO. QRZ BIGIH ,7(.  DQG VXSSRUMG E\ WH EHVADYDLDE®!
VALHOPH VR GH\VLI Q LOYLFX@XUDODSSURDFKHY | RUSLRP RWQJ Z RRGDQG UHM@HOFH LQ WH FROM WRI FOP DM
FKDQIH 7KHJWRXS LVDOR GHYHRSLQJ DVHVRI JXLGIQJ SUQAS®NIRUSURUM LQJ P DQDIHP HOWREMPWYHY
LQ KHMLRIHQHRXV @QGVDSHY VXK DV EDDMQALQI DUHDVWDADUH P DQDIHG VR P DLQVILQ UHMOHOWZ RRGDQG
HARV VWP VZ LW DUDVP DQDIHG VR VXSSRUMDIHEUXVK REQIDWIZ LGE@ H 7 KHVH IXLGLQI SUQALS®GNZ LAEH
WHLHG VR HFRERI LFDOGDVD FREBFWG | LRP WH S@QQLQJ DUHD VR DV VR GHDOQHDW VSHAL LF WHDWP HQWKQUW

P DQDIHG | RUYDURXVREMPWYHY 7 KH SLRMPWZ LGDDOR SURGXFH D VFDDME®I P RQWRUQJ VRROWRU

P HDWUQJ YHIHEMRQ DQG Z LGB HLQGLFDWRUR! Z RRGDMQG HAR VWP KHDOM Z KLFK Z LaHYHQWDAD EH
XVHG VR DWHWWH P SDFWR! Z RRGDQG VLYLFXOXDOM-DR HQW
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' HVSLW @UH JDSVLQ RXUNQRZ BIGIH WHXWHOR R FOP DM FKDQIHP D\ QHFHMVIWM WDWIDQG P DODIHW
EHILO VR VBNH DPARQ Z LW WH EFVADYDLADE® LQI RUP DWRQ 7 KH I RTRZ LQJ FROMGH.DWRQVP D\ KHS P DQDIH
IRUFQP DWW UMMOHMSHMMMOWELO, RQ MQLSHUZ RRGDQGVLQ WH, QMLP RXQUILQ .  HW

&ROVGHUP DQDILQJ Z WK H SQFIWZ RRGIQG
FQP DV UMM.QHQFH JRDY $ PWYH P DQDIHP HQW
VXFK DV MOYLFXGEXUDOWHD® HOW VR UHGXFH

Z RRGDQG GHOMW SR LLH UHWRUDARQ DQG
LQYDV.YH DQQXDQILDWWHDW HQW P D EHQHHGHG
LOVRP HS@AHV 2 QIRIQJ UVHDURK LQYHVIAD DWAV
DSSLRSUDW WHDW HQW | RUFQP DM UHVLHQRH
JRDY VHHYR] HV © KHQ DYDLDE® XVH&RFDO
LQIRLP DAWRQ 7 UDGIMRQDO FRRILFDO. QRZ BIGIH
DQG UHBIYDQWHVHDLFK VR LQIRWP REMPWYHV

( FRARILFDOVM GHVAUSWRQV LQ FROMQPARQ Z LK
LQIRLP DAWRQ RQ FXULHMDQG | XVXLH FOP DA
KLWRULFDO! LLH DQG GIMUEDQRH UHJLP HY DQG SDW
KXP DQ GLMMUEDQFH DQG P DQDIHP HQWH | RUN DLH
D JRRG WRUAQJ SRIQW/ RFDOLQIRLP DARQ

GRAXP HMQJ WHQGVLQ LOIL@H SDOMRQ DQGILLH
KIWRU, LV QHHGHG VR XQGHUMBQG KRZ WHWH

| DAVRUVKDYH LP SDAMG DQ DUHD Rl LOWLHVADY
VXEWEQUWDOVSDADOYDUDARQ H, MV DQG UHILRQDO
SDWAQVP D\ QRADE D\ VDSS® GRFDA + DELVIMW
UH HUHQPH FRQGLWRQV DUH QHHGHG R I XLGH

P DQDIHP HQWDPARQV * XLGHIOHVVSHAL\ LQJ

Z RRGDQG VWXPMUH QG V] HDQG GIMMEXWRQ
DQG SOQADWRADWRQVP D' QRW HAH IMADQG Z L@
QHHG R EH GHYHIRSHG | RUSURUW DUDV

* RN Z LYK SDWQHWV RQ FRRUGLODVIRQ
SURUM] DWRQ DQG HYDOXDWRQ DVWiKH @QGVFDSH
VFD® : RN Z LW D ELRDG SDURHIKLS VR LGHQW\
DSSLRSUDW S@FHVVR LP SLRYHZ RRGDQG FOP DM
UAMOHOFH :  KHUHDSSURSUDW DIP VR FUHDM D

P RVDLF R KHMURIHQHRXY K DELVW W DWEDIDQFH

P XM FROVHUYDWRQ REMPWYHY LOFOXGLQJ

FOP DWW UAMOHOFH Z LGBM H KDELVIWI XHY

P DQDIHP HQWDQG KXP DQXWH : RUINZ LK
UAVHDURKHOV VR HYDOXDWM \WWH LP SDFWRI

P DQDIHP HQWDPARQV DWINH @QGVFDSH VDM 6HH
YR HV IRUH DP SV

" RUSLRMFW Z LViK D | XHO/ P DQDIHP HQW

RP SRQHQWDWHW LI | XHY UIHGXPURQ FDQ DOR
LP SURYH Z RRGIDQG FQP DV UIMLAHQFH | |
SRWLEG! LOWI LDM HFRGRI LFDODQG Z LABM H
REMPAYHVLOWR | XHW P DQDIHP HOWH | RUM

( FRERI LFDOVWM GHVAULSWRQV DQG GRADOLQI RUP DAWRQ
RQ Z L@H LLH SUREDELOW KIMRUFDOZ L@ LLH

UHILP HV IRUH DP S®i GRFDO LLHKIMRU. VWXGLHV

| X\VMUH FQP DW DQG | LLH UHILP HV DQG GNHIKRRG Rl
LQYDWLYH DQQXDQJ LDW LQYDMRQ Z L@EH

LP SRUBQWR DWHW LI | XHY UHGXPARQ WHDVR HQW
Z L@P HHWHFRMRILFDODQG Z LABM H REMPAYHY ) RU
DQRYHWYLHZ Rl KIARUFDO LLH UHILP HVLQ SLQ\ RQ

MQLSHUZ RRGDQGY WHH5RP P HHADO _ DG
YDNHUDQG 6KLOOHP DQ _ 7RILQG GFDA LLH

KIMRU WXAEHY XVHWH3DOR ' DD 6HDURK 7RRO

( [ SHAALQYDWLYH DQQXDOJ UDWHV DI AU
SLWKUEDQFH $ 1WUQDWUDORUP DQDIHP HQW
UHDWG GLWXUEDQRH RFFXUY LQYDVLYH DQQXDO
JUDWHVP D\ LQRUHDVH HVSHALD@ Z KHUH QDWYH
YHI HAMRQ FDQQRALHDGLY UHFRYHUGXH VR @AN RI
VHHG VRXUPHVRUJHLP LODWRQ P LFLRWY

XQI DYRUDE®! Z HDWHURUF@P DM RUVXEWBQWDO
SUHVHORHR! LQYDVLYH DQQXDQJ LDWHY SURUWR
GLIXUEDQRH $ GEUHVWMQJ LQYDMYH DQQXDOI LDWHY
VKRX@S EHD VRS SURUW Rl D@P DQDIHP HQWH | RUN
R DYRLG ERW FRQYHMRQ R LQYDVLYH DQQXDO

P RQRFX@XUHV DQG LOFUHDVAVLQ | LOH | XHY WDW
FROWLEXWVR P RUH | UHTXHOWDQG @MUHUZ LGH LLHV

2ROV.GHUVIKH DGGIMIRQ Rl P DQDIHP HQWIRDOY
. RFXVHG RQ LP SURYLQJ Z LGB! H KDELVIDW
3HOMMMOWBLO RQ MQLSHUZ RRGDQGV SLRYLGH
KDELMDWRUP XGAS®I VSHAHVRI FRQVHUYDWRQ
FROFHUD 6SHALHV VSHAL LF IXLGHDOHVH LMWIRUVRP H
\VSHAHY VHHWHVHHWH: $): $ 0 X®i' HHU

+ DELVIW XIGHIOHVE\ ( FRUHILRO DQG WH 3L\ RQ
-D\ : RINIQJ * LRXS &ROHIYDARQ 6WDWAJ\ : KHH
\SHAHV \SHAL LF P DQDIHP HQWI XLGHDQHVH LMV
WH VKRXGE EHXVHG Z KHOHYHUSRWE®!

0 DQDIHP HWRI Z RRGDQGVIRUSLO\ RQ N\ VLV
SRRUD XQGHUMRRG 7R KH® DGGUHW\WILYJIDS WH
3I0\RQ-D\ : RINIQJ * LRXS LVGHYHRRSLQJ D
SUHGLPWYH RFFXULHQPH P RGHO 1 LODA] LQJ

WDQIHZ LGH WIQGDUGL] HG WXUYH  SLRWRFRY DQG
FRRUGLQDAWQJ UHVHDURK DQG P RQURUQJ HIRUN
DALRWWH LDQIHR WLV\VSHAHY ) RUP RWH
LQIRLP DARQ UHDFK RXWR 6FRMBRP HOWKRH / DQG
%4LG &RRUGLODVRU 8 6 ) K DQG:  LABM H 6HUYLFH
SHIIRQ \MFRMBRP HIKRH [Z VIRY

7R SLRYLGHWP HO LQIRWP DWRQ VR P DQDUHWV % 0
LV GHYHIRSLQJ JXLGDQFH | RUSLQ\ RQ ND\ VEDVHG RQ
WH3LQ\ RQ-D : RUNLQJ * LRXS &RQVHUIYDURQ
BWDWU\ ) RUP RUHLQIRUP DWRQ UHDFK RXVWR ( @R
0 DWMWY % 0 1 DARQDO. LGB H3URIWDP / HDG
HP DWMU# E®@ JRY RUSHQHH&KL % 0 1 DWRQDO
0 LJLDWRU. %4UG 3HMRQ R &RQWFWUKL# E®@ JRY
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7KLV UHSRUAZ DVSURGXFHG E\ WH. QWP RXQWLOQ :  HWWRIOWD HOWIH LQ FRADERIDWRQ Z LW WH %XU-DX R
/ DQG O DQDIHP HOWDQGWHS 6 ) LMK DQG:  LaB@ HEHUYLFH 3®DVH UHDFK RXWRUP RUH LQIRLP DWRQ

0 DUDK 0 F, QURWK 5 HOHH &KL 6FRW6RP HUWKRH
, QMP RXQWILQ:  HAVRIOAD HOMIH YXU-DX Rl / DQGO DQDIHP HQW 8 6 ) \MKDQG: LGOH6HNFH
6FHOFHWR , P SGP HOMWMRQ 6 SHADDMWY 1 DARQDO LB H % RERINMW / DQG AUG &RRUGLODVWRU 5 HILRQ
P DUDK P HOW\K# |Z M R AKI# E@ JRY VRWMBVRP HWKRHE 1Z VIRY

3KRVRVFRXUMM RI . DIEDE 1 DARQDO RIHVWYHUN LLH S] 3DXOYXLRZ  + XP ERGAW RI\ DEH 1 DARQDO) RUABLO\ RQ
MQISHU@QGWDSH SI 8 6 ) RUAWWBHUYLFH 6RXWZ HWE HILRQ GHDG SLQ\ RQWHHY S 0 [INH/ HZ LOWNL SLQ\RQ N\ V SJ

,DQYDUHMWERW SKRRV SJ  $G{ DQGLD8U D ERM SKRRV SJ 2 UHIRQDOG: DWKLQIRQ% 0 URE: LEN SJ
2UHIRODOG: DWKIQIRQ% 0 %RE: LN SJ  6RP HSKRRVZ HHFRSSHG ILRP WHURWILQDOM] H
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