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Context-adaptive organic alternatives to conventional chemical

fertilizers deliver synergistic outcomes across China
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Organic replacements across China

Cost-benefit analysis
Yok Optimal ORR Wl—b‘&& Benefits
Y % Tf . strategles Lt 1 o1 " -
’ 5 ; . ¥ ;”f/ T e wE S =k
—|‘ Meseanalysia > "',?:f(’is * SZ(I)Z" i ‘}“:,3:)/ Net gains 3.4-7.8 billion CNY
‘ ﬁ il =
Net < 3’"
cconomic b NS clisn

] FN

benefit —=

Priority regions for ORR

‘ N :
Cost—benefitP '.a!g %
analysis ‘ll (% o i ;
y LO: »> Straw Organic  Biochar S

fertilizer -
Application on 15-18% of Accounting for 72-82% of
croplands total benefits

Priority B/
area select .\

SEVWUB\RWKHWLF QLWURJHQ 1 IHUWLOL]JHU VXVWDLQV
UHDFWLYH 1 ORVVHV DQG JUHHQKRXVH JDV HPLVVLRQV
SURPRWHG WR LPSURYH VXVWDLQDELOLW\ \HW HYLGHC
VSDWLDOO\ H[SOLFLW UHJLRQ DGDSWLYH UHFRPPHQGDW
DFURVYV &KLQD XVLQJ D PL[HG HIIHFWV PHWD DQDO\VLV L
IDUPLQJ SUDFWLFHVY PRGXODWH 255 HIIHFW VL]HV :H WKF
ZLWK QHW HFRV\VWHP HFRQRPLF EHQHILW DFFRXQWLQJ
EHQHILW+DUHD SULRULWL]DWLRQ 2Q DYHUDJH 255 LQFU
FDUERQ E\ ZKLOH UHGXFLQJ &+y DQG 1w2 HPLVVLRQV
DOVR KLJKOLJKW GLITHUHQFHVY EHWZHHQ 255V 6WUDZ U
SRVLWLYH HFRQRPLF UHWXUQV DQG FRQVLVWHQW SHUI!
ZKHUHDV ELRFKDU DQG RWKHU RUJDQLF LQSXWV VKRZH¢
EHQHILWY FRQWLQJHQW RQ ORFDO VRLO+*FOLPDWH FRQGL
EHQHILWY IURP 255 + PLOOLRQ &1< H[FHHGHG WK
&1l< 6SDWLDO SULRULWL]DWLRQ IXUWKHU LQGLFDWHG W
RI FURSODQG FRXOG FDSWXUH + RI WRWDO 255 EHQHI

+ ELOOLRQGEPRQHWL]HG SURGXFWLRQ HFRV\VWHP K
7KLY LQWHJUDWHG IUDPHZRUN WUDQVODWHYV KHWHURJH
vVSDWLDOO\ WDUJHWHG 255 VWUDWHJILHV



 QWURGXFWLRQ

The massive expansion of synthetic nitrogen (N) fertilizer use was a cornerstone of the
Green Revolution, fundamentally decoupling global food production from natural soil

N constraints and sustaining billions of litedowever, these agricultural gains have
come at substantial environmental costs. The rapid expansion of synthetic N inputs has
profoundly transformed the global nitrogen cycle, amplified the nitrogen cascade across
atmospheric, terrestrial and aquatic systems, and contributed to the transgression of the
planetary boundary for biogeochemical fléwsCurrently, more than half of the
synthetic N applied to croplands, equivalent to nearly 120 Tg N annually, is lost to the
atmosphere and aquatic systems. Such losses drive a cascade of ecological degradation,
including accelerated soil acidification, aquatic eutrophication, and groundwater nitrate
contamination, while simultaneously intensifying the emissions of greenhouse gases
(GHG) and air pollutants, @& DEO\ QLWURXV R[LGH 1w%2Z. DQG
Consequently, reconciling food security with these environmental and climate burdens
has become a central challenge for sustainable agriculture

To address this challenge, organic replacements (ORR), defined as the partial or
complete replacement of synthetic N with organic amendments such as livestock
manure, crop residues and compost, have emerged as a promising strategy for circular
nutrient managemetit. Global syntheses and long-term field experiments indicate that
ORR can improve crop performance while enhancing soil organic carbon (SOC) stocks
and microbial activiti**% Evidence from China shows that optimized manure use can
reduce synthetic N inputs by 39% and reactive N losses by 22%, while increasing crop
yields by 2209%2. Long-term experiments across major agricultural regions, including
the North China Plain, the Yangtze River Basin and Northeast China, report
improvements in soil structure and microbial diversity, alongside reductions in nitrate
leaching and GHG emission®. In water-limited regions such as the Loess Plateau
and Xinjiang, studies suggest that commercial organic fertilizers and pelleted manure

can enhance soil water retention and crop producti¥ityCollectively, these findings

DPF



underscore the substantial agronomic and environmental potential of ORR as a
component of sustainable intensification.

Despite these promising outcomes, the evidence base for ORR remains largely
fragmented, characterized by a proliferation of site-specific studies and broad syntheses

that overlook critical regional heterogeneities. The performance of ORR is not universal;

rather, it is governed by a set of complex variables, including pedoclimatic conditions,

soil texture, cropping system architectures, and localized availability of organic
feedstock®2. Without accounting for this spatial variability, blanket implementation

risks unintended biogeochemical and economic trade-offs. For instance, inappropriate

organic amendments can exacerbate ammonia volatilization, nutrient imbalances, and
emissions of \v2 DQG &+y SDUWLFXODUO\ 22QimporRMRGEHG SDGG)
management strategies optimized for one objective may not necessarily maximize co-

benefits across other dimensions. Practices that prioritize crop productivity may differ
substantially from those designed to maximize soil carbon sequestration or minimize
greenhouse gas emissions, highlighting the need to explicitly evaluate trade-offs and
synergies among multiple sustainability targets. These uncertainties underscore the
pressing need for spatially explicit and integrative assessments capable of identifying
region-specific optimization pathways that balance agronomic productivity, climate
mitigation, and long-term soil sustainability across diverse agroecosystems.

&KLQD DV WKH ZRUOGTV OD U] Ewes a5 R ReviecPtésthe®RforV\Q WK H'
the largeVFDOH WUDQVLWLRQ WRZDUG 255 1DWLRQDO LQLWI
FKHPLFDO IHUWLOL]JHU XVH" SROLF\ ODXQFKHG LQ K
recycling, straw return, and compost applicatieénWhile these efforts have generated

valuable local insights, most studies frequently focus on individual sites and isolate
agronomic and environmental metrics, rarely synthesizing them into a cross-regional
framework capable of guiding systematic optimization. In addition, many evaluations

overlook economic dimensions that ultimately influence adoption feasibility.
Addressing these gaps is essential to ensure that ORR strategies are not only

biophysically sound, but also economically viable and socially acceptable.



To bridge these critical knowledge gaps, a systematic and multi-dimensional evaluation
RI 255 SHUIRUPDQFH DFUR V-¥écobfitaQlanfiacages ¥ Hildanty DIJUR
needed. Our study addresses three key questions: (1) What are the comparative effects
of different organic material types used for ORR (e.g., straw, biochar, and commercial
organic fertilizers) on soil fertility, crop yield, and GHG emissions? (2) How can spatial
heterogeneity in climate, soil, and cropping systems be incorporated to optimize ORR
strategies that sustain crop yields, improve soil health, and mitigate environmental risks?
(3) What economic trade-offs and co-benefits arise under alternative ORR scenarios,
and how can these insights inform regionally tailored policy design and nutrient-
circularity programs?

Here, we synthesize evidence from 216 field studies conducted between 1973 and 2023
WR TXDQWLI\ WKH HIIHFWV RI 255 RQ FURS \LHOG VRLO
emissions using a meta-analysis, and to examine how these effect sizes are moderated
by organic material type, climate, soil properties, and management practices. We then
link these effect-size estimates to net ecosystem economic benefit (NEEB) accounting
and scenario-based cost-benefit analygysdoing so, we translate heterogeneous field
evidence into spatially explicit estimates of crop yield, SOC, GHG mitigation and
monetary benefits, and identify high-return areas for ORR implement8@sed on

these analyses, we develop a regionally adaptive recommendation framework that
integrates agronomic, environmental, and economic indicators to enable precision
nutrient management in Chinese agriculture. Our analysis reveals that optimized ORR
implementation can potentially catalyze a systemic shift in agricultural sustainability.
By providing a scalable framework to reconcile intensive productivity with
environmental stewardship, our findings offer a scientific basis for policymakers,
extension services and farmers to accelerate the transition towards resilient, low-carbon
and circular agricultural systems in China and across the global South under mounting

climate and food security pressures.



SHVXOWYV

(INTHFWV RI RUJDQLF UHSODFHPHQWYV

$FURVV DOO VWXGLHV 255 JHQHUDWHG FRQVLVWHQW
IRU SURGXFWLRQ DQG FOLPDWH UHODWHG RXWFRPHV 2Q
\LHOGV URVH E\ DQG &+y DQG 1w2 HPLVVLRQV ZHUH
UHVSHFWLYHDKHYIH QIDWLRQDO VFDOH DYHUDJHV LQGLFLD
3ZLQ+ZLQ RXWFRPHV EXW WKH VSUHDG RI LQGLYLGXDO
VXJIJHVWV VXEVWDQWLDO EHWZHHQ VLWH YDULDELOLW\ V
FRQVLGHULQJ WKH PHDQ HIIHFW VL]H
7R LGHQWLI\ WKH GULYHUV RI WKLV KHWHURJHQHLW\
PDQDJHPHQW PRGHUDWRUV 6XSSRUWLQJ DQDO\VHV VKR.
HPLVVLRQV DQG FURS \LHOGV WR WKH DSSOLFDWLRQ RI :
VXFK DV PHDQ DQQXDO WHPSHUDWXUH 0$7 PHDQ DQQXD
VRLO S+ LQLWLDO 62& WRWDO QLWURJHQ 71 DQG LUU
&OLPDWLF JUDGLHQWY FRQVLVWHQWO\ PRGHUDWHG 2
0$3 ZHUH DVVRFLDWHG ZLWK VPDOOHU JDLQV LQ \LHOG D
LQ 1w2 HPLVVLRQ LQWHQVLW\ XQGHU ZDUPHU DQG ZHWW
DORQH DFFRXQWHG IRU RQO\ D OLPLWHG VKDUH RI WKH
)L F LQGLFDWLQJ WKDW DGGLWLRQDO VRLO DQ
VXEVWDQWLDOO\ WR WKH&RE®HBWH & HION WWKRYHQHHWX O
VXEVHTXHQW UHJLRQ DGDSWLYH DQDO\WHV EHFDXVH D
GHOLYHU FRPSDUDEOH FR EHQHILWY DFURVV &KLQDYTV GL
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yLJ| (IIHFWV Rl 2UJDQLF UHSODFHPHQWY 255 RQ FDUERQ VHT)
JUHHQKRXVH JDV *+* HPLVVLRQV LQ DJULFXOWXUDO VRLOV D
VHTXHVWUDWLRQ FURS \LHOG DQG *+* HPLVVLRQV E\ VWXG\ E
WASHV RQ VRLO FDUERQ VHTXHVWUDWLRQ FURS \LHOG DQG *+* F
SDUWLDO RUJDQLF IHUWLOL]HU UHSODFHPHQW 120 SDUWLDO EL
UHSODFHPHQW 61 JUHHQ PDQXUH UHSODFHPHQW *0 RWKHU
$' DQG PL[HG UHSODFHPHQW RI WKH DERYH PDWHULDOV 0%
WHPSHUDWXUH 0$7 DQG PHDQ DQQXDO SUHFLSLWDWLRQ 0$3 RC
\LHOG DQG *+* HPLVVLRQV WR FOLPDWLF IDFWRUV



6XLWDELOLW\ RI GLITHUHQW RUJDQLF UHSODFHPHQW PDW

$FURVV PRVW DJULFXOWXUDO UHJLRQV VWUDZ UHSODFH
+ &1< KD VXEVWDQWLDOO\ RXWSHUIRUPLQJ RUJDQ
i + &1< KDDQG ELRFKDU UHSOBFHP HQAW KiD
&RQVLVWHQW ZLWK WKLY SDWWHUQ VWUDZ UHSODFHP
IOH[LEOH DSSOLFDWLRQ ZLQGRZ DFURVW XJJRSW IDQUG DU |
FRPSDUDWLYHO\ UREXVW RSWLRQ XQGHU7GILY HDWHVBIIUR
OLNHO\ UHIOHFWV GLIIHUHQFHV LQ LQSXW FRVWV DQG RS
VWUDWHJILHV
6XLWDEOH DSSOLFDWLRQ UDWHV YDULHG PDUNHGO\ E\ U
BRXWKZHVW &KLQD DQG 6RXWK &KLQD UHTXLUHG KLJKHU
,Q ULFH VA\VWHPV 1RUWKHDVW &KLQD VKRZHG WKH OR
UDWHV + ZWHKBIDV 1RUWK &KLQD GLVSOD\HG WKH Zl
ELRFKDU UHSODFHPHQW LQ ZKH®OHWRWQE WHPHA H +R Y H WD IO
RUJDQLF IHUWLOL]JHU DQG ELRFKDU VWUDWHJLHV H[KLEL\
QHW EHQHILWV )LJ E )RU H[DPSOH ELRFKDU DSSOLFL
GRZQ WR i &li< KDFRLQFLGLQJ ZLWK LQWHQVLILHG *+* H
LQ 1RUWK &KLQD ELRFKDU LQFUHDWHG RDLIB 1E% WR
7JRIHWKHU WKHVH UHVXOWYV KLJKOLJKW WKDW ZKLOH VW
VXLWDELOLW\ Rl RUJDQLF IHUWLOL]HU DQG ELRFKDU UHS
GHSHQGHQW XQGHUVFRULQJ WKH QHH® IRU UHJLRQ DGD
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)LJ| 5HSODFHPHQW UDWHV DQG E\ QHW HFRV\WWHP HFRQRPLF
UHSODFHPHQW 255 VWUDWHJLHV DFURVV &KLQD V DJULFXOWXL
VHYHQ DJULFXOWXUDO UHJLRQV 1( 1RUWKHDVW &KLQD 1& 1RL
BRXWK &KLQD && &HIQW ULIRQ KA HQ\DWG : & KBLRXIWKZHVW &KLQD D
$SSOLFDWLRQ DPRXQW RI 255 VWUDWHJILHV LQ HDFK UHJLRQ E

OD[ DQG 0LQ LQGLFDWH WKH PD[LPXP DQG PLQLPXP 1((% YDOXHV
IHUWLOL]HU UHSODFHPHQW 6W VWUDZ UHSODFHPHQW %LR ELR
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SHILRQDO EHQHILWY RI RUIJDQLF UHSODFHPHQWYV

7KH SHUIRUPDQFH RI 255 VWUDWHJILHY YDULHG PDUNHGC
1((% YDOXHV LQGLFDWH WKDW 255 VWUDWHJILHY FDQ LQF
ZKLOH UHGXFLQJ *+* HPLVVLRQV DFURVV DJULFXOWXUDC
&KLQD LQFUHDVHG EDR® WKH ODWEIBVW \LHOG JDLQ ZDV

IRUWKZHVW &KLQDLDW/ KH OMDKDHVW UHGXFWLRQ LQ *+* F
REVHUYHG LQ ULFH V\WWHPV LQ 1RUWK &KIEPDEBBDFKLC
VHTXHVWUDWLRQ ZDV JUHDWHVW LQ 6RXWKZHVW &KLQD

)RU RUJDQLF IHUWLOL]HU UHSODFHPHQWYVY \LHOG JDLQV 2
FDUERQ VHTXHVWUDWLRQ LQFUHDVHV ZHUH KLJKHVW L(

UHGXFWLRQ SHDNHG LQ 1RUWKZHVW &KLQD JRU VWL
JDLQV RFFXUUHG LQ 6RXWKZHVW &KLQD = ZKHUHI
VHTXHVWUDWLRQ  # DQG *+* UHGXFWLRQ ZHUH RE
)RU ELRFKDU UHSODFHPHQW \LHOG JDLQV ZHUH JUHDWH
ZKLOH FDUERQ VHTXHVWUDWLRQ % DQG *+* UHGXFWL
&KLQD

%\ FRQWUDVW HYHQ XQGHU SRVLWLYH 1((% FRQGLWLRQV
PRGHVW JDLQV LQ \LHOG FDUERQ VHTXHVWUDWLRQ DQG
BRXWK &KLQD 1RWDEO\ 255 LQ PDL]JH V\VWHPV LQ 6RX\
HPLVVLRQV E\ KLJKOLJKWLQJ D SURQRXQFHG WUDGH F
)LJ

11
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Yields (t ha™) Carbon stock (Mg ha™) GHG (t eqCO, ha™)
yLJ _ 5HIJLRQDO EHQHILWYV RI 2UJDQLF UHSODFHPHQWYV DFURVYV

FDUERQ VHTXHVWUDWLRQ DQG JUHHQKRXVH JDV HPLVVLRQV RXW
DQG W &2w HT KDqi UHVSHFWLYHO\ D ®HQRSLWWWHP W BDHFUWKWY
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&KLQDTV DIJULFXOWXUDO UHJLRQV YDOXHV DUH SUHVHQWHG DV
EHQHILWY IRU WKH WKUHH PDMRU VWDSOH FURS VODMH\NPY DFUR\
UHJLRQV RQ WKH PDS LQGLFDWH WKDW WKH VWUDWHJ\ GRHV Q
FURSSLQJ VAIVWHPV LQ WKRVH UHJLRQV

IDWLRQDO FRVW EHQHILW DQDO\VLV RI RUJDQLF UHSODF

255 LPSOHPHQWDWLRQ JHQHUDWHG ERWK FRVWYV DQG EF
KXPDQ KHDOWK $FURVV FRPELQDWLRQV RI DJULFXOWXUL
VHOHFWHG VWUDWHJLHVY UHTXLUHG 255 LQSXWV VSDQQ
DSSOLFDWLRQ DPRXQWV Rl WKHVH PDWHULDOV ZHUH J
VHTXHVWUDWLRQ SULRULW\ 62&6 DQG *+* UHGXFWLRQ
XQGHU WKH \LHOG LQFUHDVH SULRULW\ 3526 VFHQDULF
VwWuUuDZ DQG ELRFKDU LQ PLWLIDWLRQ RULHQWHG SRUWI
EHQHILW DVVHVVPHQW DFURVV WKUHH SULRULW\ WDUJH)
:KLOH GHYHORSLQJ WKHVH VFHQDULRV IRU HDFK UHJLRC
VWUDWHILHV WKDW PD[LPL]HG WKH FRUUHVSRQGLQJ SU
VHTXHVWUDWLRQ RU *+* PLWLJDWLRQ EDVHG RQ W
6XSSOHPHQWDU\ )LJ IRUPLQJ D UHJLRQ DGDSWL"
6XSSOHPHQWDU\ 7DEOH
$FURVV WKH VFHQDULRYV DGGLWLRQDO RUJDQLF PDW
LPSOHPHQWDWLRQ FRVWYV RI + PLOOLRQ &1< \Ugi ZK
WR PLOOLRQ &1< \Uqi 8QGHU WKH 3526 VFHQDUL
PLOOLRQ &1< \Ugqi DQG WKH SRUWIROLR GHOLYHUHG WKH
PLOOLRQ &1< \Uqi HFRV\VWHP KHDOWK DQG FOLPDWH E
PLOOLRQ &1< \Ugqi UHVSHFWLYHO\ UHVXOWLQJ LQ D Qt

8QGHU WKH 62&6 VFHQDULR FRVWV URVH WR PLOOLR
GHFOLQHG WR PLOOLRQ &1< \Ugi ZKLOH HFRV\VWHP
PRGHVWO\ WR DQG PLOOLRQ &1< \Ugi \LHOGLQJ T

&1< \Uqi %\ FRQWUDVW WKH *+*6 VFHQDULR LQFXUUHG
&l< \Ugqi EXW GHOLYHUHG WKH ODUJHVW HFRV\VWHP DQG

PLOOLRQ &1< \Uqi GHVSLWH WKH VPDOOHVW SURGXTF
13



WKLV VFHQDULR DFKLHYHG WKH KLIKHVW QHW EHQHILW F

2000 2500 -500 0 500 1000 1500 2000 2500 -1000 o 1000 2000 3000 4000 5000
ind cost of PROS (million CNY yr') Benefit and cost of SOCS (million CNY yr'') Benefit and cost of GHGS (million CNY yr')

)LIJ| &RVWYV DQG EHQHILWYV RI 2UJDQLF UHSODFHPHQWYV XQGHU D!
D <LHOG LQFUHDVH SULRULW\ 3526 E FDUERQ WHTXHVWUD'
JUHHQKRXVH JDV UHGXFWLRQ SULRULW\ *+*6 F

6SDWLDO SULRULWL]DWLRQ RI RUJDQLF UHSODFHPHQWYV

8QGHU GLIIHUHQW 255 VFHQDULRV FXPXODWLYH EHQHIL
FXPXODWLYH FURSODQG DUHD )LJ LQGLFDWLQJ D VW
D UHODWLYHO\ VPDOO IUDFWLRQ RI FURSODQG GHOLYHU\
PDUJLQDO JDLQV GLPLQLVK DV SURJUHVVLYHO\ ORZHU U
ZLWK WKLV SDWWHUQ WKH VORSH RI WKH FXPXODWLYH I
SULRULW\ WLHUV 3ULRULW\ JRQHV N ! UHSUHVHQW KL.
GHSOR\HG DUHD \LHOGYV ODUJH LQFUHPHQWSMJ®R EH®HH I LWV
PRGHUDWH LQFUHPHQWDO UHWXUQV DQG QRQ SULRULYV
DGGLWLRQDO EHQHILWY SHU XQLW DUHD

JRU RUJDQLF IHUWLOL]J]HU UHSODFHPHQW SULRULW\ JRQH
ZKLOH GHOLYHULQJ a RI WRWDO EHQHILWY FRQFHQWUI
1RUWKHDVW &KLQD )L D )RU VWUDZ UHSODFHPHQW S
&HQWUDO &KLQD DQG 6RXWKZHVW &KLQD ZKHUH R1 F
WRWDO EHQHILWYV )LJ E )RU ELRFKDU UHSODFHPHQW
6RXWKZHVW &KLQD &HQWUDO &KLQD DQG 1RUWK &KL
FRQWULEXWLQJ a RI WRWDO EHQHILWYV )LJ F &ROOH
DFFRXQWHG IRU DSSUR[LPDWHO\ = RI WKH HQWLUH FU
PDMRULW\ RI WRWDO EHQHILWY XQGHUVFRULQJ WKH IHD
JDLQV WKURXJK VSDWLDOO\ WDUJHWHG GHSOR\PHQW UD\

14



6XE SULRULW\ |[RQHVY GHOLYHUHG PRGHUDWH DGGLWLRQLI
DUHD DQG FRQWULEXWLQJ + RI WRWDO EHQHILWYV I
EURDGO\ FRLQFLGHG ZLWK WKH SULRULW\ EHOWV ZLWK |
&KLQD IRU RUJDQLF IHUWLOL]J]HU DQG VWUDZ UHSODFHPH(
&KLQD IRU ELRFKDU UHSODFHPHQW ,Q FRQWUDVW QRC
FURSODQG * EXW FRQWULEXWHG RQO\ £ Rl WRWLC
LQ6RXWKZHVW &KLQD 1RUWKZHVW &KLQD DQG 1RUWK
UHSODFHPHQW 1RUWK &KLQD DQG 1RUWKHDVW &KLQD IR
DQG &HQWUDO &KLQD IRU ELRFKDU UHSODFHPHQW
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F ELRFKDU UHSODFHPHQW
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'LVFEXVVLRQ

255 LV LQFUHDVLQJO\ UHFRJQL]JHG DV D SURPLVLQJ VROX)
UHGXFLQJ UHOLDQFH RQ VIQWKHWLF 1 DQG DHOEHLYLID WL Q.
JURZLQJ LQWHUHVW H[LVWLQJ HYDOXDWLRQV IURP JOI
VWXGLHVY RIWHQ UHO\ RQ VLQJOH VLWH REVHUYDWLRQV

PHWULFV &RQVHTXHQWO\ UHJLRQDO KHWHURJHQHLW\ L¢
SUDFWLFHV DQG VRFLRHFRQRPLF FRQVWUDLQWYVY KDV Q
DVVHVVPRRMWY OLPLWDWLRQ KDPSHUV WKH GHYHORSPHQ
HIILFLHQW ODUJH VFDOH LPSOHPHQWDWLRQ %\ LQWHJ
DEFRXQWLQJ RXU VWXG\ PRYHV EH\RQG H[LVWLQJ OLWH
HYDOXDWLRQ RI 255 VWUDWHJLHY DFURVV &KLQDYV GLYH
2XU ILQGLQJV FRQILUP WKDW ZKLOH 255 FDQ RQ DYHUD
VXVWDLQ RU LQFUHDVH FURS SURGXFWLYLW\ DQG UHGXF
HERQRPLF HIILEDF\ VKRZV SURIRXQG UHJLRQDO YDULDWL
VSDWLDO SULRULW\ JRQHV VXJIJHVWV WKDW LPSOHPHQWL
RI FURSODQG FRXOG FDSWXUH D GLVSURSRUWLRQDWHO\
HQYLURQPHQWDO DQG HFRQRPLF EHQHILWY 7KLV KRWYV
WR VXVWDLQDEOH QXWULHQW PDQDJHPHQW LV QRW XQLI
RSWLPL]HG SUHFLVLRQ WDUJHWHG GHSOR\PHQW 2XU ILC
DQG PHWD DQDO\WHV VKRZLQJ WKDW SDUWLDOO\ VXEVWL
LQSXWV FDQ LQFUHDVH 62& DQG UHGXFH QLWURJHQ UHC
\LHOGWBUHYLRXV VWXGLHV DOVR VXJJHVW WKDW VWUD.
DSSOLFDWLRQ FDQ LPSURYH VRLO VWUXFWXUH QXWULF
WKHUHE\ VXSSRUWLQJ ERWK DJURQRPLF SHUIRQPDQFH D
FRQWUDVW WR PDQ\ H[LVWLQJ HYDOXDWLRQV WKDW UHO
DYHUDJH DVVXPSWLRQV RXU DSSURDFK UHYHDOV VXEVW
SHUIRUPDQFH RI VSHFLILF UHSODFHPHQW VWUDWHJLHV

DOWKRXJK ELRFKDU LV RIWHQ SUHVHQWHG DV D EURDGO

LQGLFDWH WKDW LWV EHQHILWY DUH VWURQJO\ FRQWH[W
16



VRLO+FOLPDWHKYMWVRIQQUN[W GHSHQGHQF\ OLNHO\ DUL\
EHWZHHQ ELRFKDU SURSHUWLHY DQG ORFDO VRLO+FOLP
VWDELOL]DWLRQ SURFHVVHY QXWULHQW G\QDPLFV DQG
GLYHUJHQW DJURQRPLF DQG HQYLURQPHQWDO RXWFRPH\
7KH UHJLRQDO SDWWHUQV LGHQWLILHG LQ WKLV VWXG!
WDLORULQJ 255 VWUDWHJLHY WR ORFDO VRLO+FOLPDWH |
)RU H[DPSOH WKH UHODWLYHO\ ORZ GHPDQG IRU RUJD
FRQVLVWHQW ZLWK WKH LQKHUHQWO®\FR RIKU UMW LY KW\ VI
SHUIRUPDQFH Rl VWUDZ UHSODFHPHQW LQ VRXWKHUQ UH
UHWXUQ FDQ KHOS PLWLJDWH QXWULHQW7®H DFIKRIQW HX® G
IHDVLELOLW\ RI ELRFKDU LQ VRPH UHJLRQV PD\ WKHU}!
JUHHQKRXVH JDV G\QDPLFV XQGHU VSHFLILF HQYLURQP.
LQGXFHG FKDQJHV LQ DHUDWLRQ QLWURJHQ WUDQVIRUP
SRWHQWLDO FOLPDWH EHQHILWY )RU LQVWDQFH D UHF
VLIQLILFDQWO\ LQFUHDVHG FURS \LHOG DQG UHGXFHG VR
RULQFRQVLVWHQW HIIHFWV LQ QHXWUDO WR DONDOLQH
LV VWURQJO\ FRQVWUDLQHG E\ EDVHOLQH &RADDIHBSHU V
ZLWK ELRFKDU VWUDZ DQG RUJDQLF IHUWLOL]JHUV DSS}
DGDSWDEOH SRWHQWLDOO\ EHFDXVH WKH\ PRUH FRC
LQWHUDFWLRQV DQG PLFURELDO SURFHXHWWW DHIRRQ G
VSHELILFE PHFKDQLVPV PD\ KHOS H[SODLQ WKH GLIIHUL}
VWUDWHJILHY DFURVV &KLQDYTV DJULEXOWXUDO JRQHYV

$OWKRXJK WKH FRPSUHKHQVLYH EHQHILWYV RI 255 DUH H
UHPDLQV D PDMRU FKDOOHQJH %\ LGHQWLI\LQJ RSWLPDC
JRQHV IRU GLIIHUHQW UHSODFHPHQW VWUDWHJILHV WKLV
HIILFLHQF\ Rl ODUJH VFDOH GHSOR\PHQW +RZHYHU IDUF
VXFK VWUDWHJLHY DUH DGRSWHG DQG UHODWLYHO\ KL.
HFRQRPLF UHWXUQV WKHUHE\ OLPLWLQJ DGRSWLRQ ZLC
UHJLRQ VSHFLILF LQFHQWLYH PHFKDQLVPV PD\ EH QHFF
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PDNLQJ ZLWK EURDGHU HQYLURQPHQWXH FRQ \W & [\W RV & K
SUHGRPLQDQWO\ VPDOOKROGHU EDVHG DJULFXOWXUDO
DEFRPPRGDWH OLPLWHG PHFKDQL]DWLRQ DQG IUDJPHQ
SDUWLFXODUO\ UHOHYDQW &DUHIXOO\ GHVLJQHG LQFt
UHSODFHPHQW SUDFWLFHV FRXOG KHOS ORZHU DGRSWLR
WUDQVLWLRQV WRZDUG VXVWDLQDEOH QXWULHQW PDQDJ
'KLOH WKLV VWXG\ LGHQWLILHY VXEVWDQWLDO VSDWL
HQYLURQPHQWDO DQG HFRQRPLF SHUIRUPDQFH RI 255 |
UHDOL]HG ODUJH VFDOH RXWFRPHV UHPDLQV FKDOOHQJL
IUDPHZRUN GRHV QRW IXOO\ FDSWXUH ORQJ WHUP EHKD
FRQGLWLRQV RU UHJLRQ VSHFLILF LQVWLWXWLRQDO FR(
SDUWLFXODUO\ ZLWKLQ VPDOOKROGHU GRPLQDWHG V\V\
XQFHUWDLQ VKRUW WHUP UHWXUQV PD\ IXUWKHU OLPLW
ELRSK\VLFDO SRWHQWLDO 7KHVH FRQVLGHUDWLRQV VXJ.
LV XQOLNHO\ WR GHOLYHU RSWLPDO RXWFRPHV ,Q
LPSOHPHQWDWLRQ2SULRULWL]LQJ KLJK UHWXUQ UHJLRQ\
ZLWK ORFDO VRLO+FOLPDWH FRQWH[WV2PD\ SURYLGH D P
SURGXFWLRQ ZLWK FOLPDWH PLWLJDWLRQ DQG HQYLURQ
WKDW UHGXFH LQLWLDO DGRSWLRQ EDUULHUV DQG OLQN
JDLQV FRXOG IDFLOLWDWH PRUH HIIHFWLYH VFDOLQJ RI
UHVRXUFH SUHVVXUHYV

OHWKRGRORJ\

6\VWHPDWLF VHDUFK VWUDWHJ\ DQG GDWD FRPSLODWLRC

7KLV VWXG\ HYDOXDWHG WKH EHQHILWYVY RI 255 VWUDWHJL
‘H FRQGXFWHG D FRPSUHKHQVLYH VHDUFK RI SHHU UHYL
6FLHQFH WKURXJK 'HFHPEHU WR TXDQWLI\ WKH HIII
SUDFWLFHVY RQ PXOWLSOH HFRV\VWHP RXWFRPHV 7KH DQ
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UHOHYDQW WR DJULFXOWXUDO HFRV\VWHPV IRRG VXSSO
$FFRUGLQJO\ \LHOG VRLO RUJD @UFGFBRERGQ @R RN Q6
R[LGH. DQG PHWKZQKMWH&HGHQWLILHG DV WDUJHW YDULDE
‘H XVHG WKH IROORZLQJ VHDUFK WHUPV IRU WLWOHV DC
RUJDQLF IHUWLOL]JHU RU ELRFKDU RU VWUDZ DQG |
RU 2L RU \LHOG 6WXGLHV ZHUH LQFOXGHG LI WKH\ PH\
VWXG\ UHSRUWHG D ILHOG H[SHULPHQW FRQGXFWHG LQ
LQIRUPDWLRQ ODWLWXGH ORQJLWXGH RU D FOHDU VLW|
UHYLHZV ODERUDWRU\ LQFXEDWLRQV DQG PRGHOOLQ.
H[SHULPHQW FRYHUHG DW OHDVW RQH FRPSOHWH JURZL
IRFXVHG RQ ULFH PDL]JH RU ZKHDW 7KH RUJDQLF DPt
FOHDUO\ GHVFULEHG DQG RWKHU PDQDJHPHQW SUDFWLF
LUULJDWLRQ ZHUH NHSW LGHQWLFDO DFURVV WUHDWPHZG
FRPSDUDEOH LQ VLWH FRQGLWLRQV EDVHOLQH VRLO SUF
H[SHULPHQWDO GXUDWLRQ OHDVXUHPHQW PHWKRGYV
FOHDUO\ GHVFULEHG DQG FRQVLVWHQW DFURVV WUHDWP
KDUYHVW ZLWK VDPSOLQJ GHSWK DQG UHSOLFDWLRQ H
GHYLDWLRQV PXVW EH H[WUDFWDEOH IURP ILJXUHV WDEC
B8OWLPDWHO\ WKH VWXG\ LQFRUSRUDWHG YDOLG GD
VFUHHQLQJ SURFHVV IROORZHG WKH 35,608 PHWKRG
VWDWHPHQW RUJ LQGH[ KWP 6XSSOHPHQWDU\ )LJ ‘D
ILJIXUHV XVLQJ :HE 30RW 'LJLWL]JHU Y WR REWDLQ PH
GHYLDWLRQV 6' :KHQ VWXGLHV UHSRUWHG VWDQGDUG

5& L5'¥0 JRU VWXGLHV ODFNLQJ YDULDELOLW\ PHDVXU

PXOWLSO\LQJ PHDQV E\ WKH DYHUDJH FRHIILFLHQW RI

SULPDU\ GDWD VRXUFHY DUH VKRZQ LQ 6XSSOHPHQWDU\
GDWD VRXUFHV VSDQV &KLQD V PDMRU JUDLQ SURGXFWL
VXSSRUWLQJ WKH JHRJUDSKLF UHSUHVHQWDWLYHQHVV R
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OHWD DQDO\VLYV

7KLV VWXG\ HPSOR\HG ZHLJKW H G JYDRIW OO0 YD R L JHRHE\R Q
TXDQWLI\ WKH HIITHFWV RI RUJDQLF DPHQGPHQWY RQ VRL
JDV &+12 HPLVVLRQV DQG FURS \LHOGV LQ DJULFXOV
DPHQGPHQW DSSOLFDWLRQ DV WKH WUHDWPHQW DQG FR
7KH FDOFXODWLRQ ZDV SHUIRUPHG DV HTXDWLRQ

.J:44;L.J%”L.J:éF.J:O

ZKHUHUHSUHVHQWY WKH PHDQ YDOXHV RI VRLO RUJDQL
&+ 12 HPLVVLRQV FURS \LHOG RU RWKHU UHOHYDQW LQf
DSSOLFDWIR®HQRAWAHY WKH FRUUHVSRQGLQJ PHDQ YDO)
IHUWLOL]DWLRQ

8VLQJ WKH HVFDOF IXQFRH\RDIHQ FN R A X50 B IVHND WHKH HIIHF
LWV YDULDQFH IRU HDF 6 XEDHTHG G 'S DWIKWHWRQPD PY IXQF
HIIHFWV PRGHO ZDV DSSOLHG WR GHWHUPLQH WKH RY
FRPSDUHG WR FRQYHQWLRQDO IHUWLOL]DWLRQ RQ 62&
\LHOGV DORQJ ZLWK WKHLU FRQILGHQFH LQWHUYDOV
ZHUH ZHLJKWHG E\ WKH LQYHUVH RI WKH YDULDQFH DQG
3XEOLFDWLRQ ELDV ZDV DVVHVVHG XVLQJ IXQQHO SORW\
LQGLFDWHG QR FOHDU SXEOLFDWLRQ ELDV IRU DQ\ WDUJ
VXEVHTXHQW LQIHUHQFHV 7R EHWWHU FKDUDEWHUL]H V

VSHFLILF LQGLFDWRUV WKH SHUFHQWDJH.FKHBIIH ZDV FD

srr” KHQ WKH &, RI WKH HIIHFW VL]H RYHUODSSHG
VLIQLILFDQW GLIIHUHQFH EHWZHHQ RUJDQLF IHUWLOL]
&RQYHUVHO\ QRQ RYHUODSSLQJ &,V LQGLFDWHG VWD
UHVXOWYV S GHPRQVWUDWLQJ WKDW WKH WUHDWI

GHFUHDVHG WKH WDUJHW YDULDEOH
'XH WR GLIITHUHQFHYVY LQ WKH H[SHULPHQWDO VLWHV ZKH
GDWD LQ WKH GDWDEDVH ZHUH FODVVLILHG E\ QXWULHC
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IDFWRUV VRLO SURSHUWLHY DQG ILHOG PDQDJHPHQW P
FODVVLILHG DV IXOO RUJDQLF IHUWLOL]JHU UHSODFHPHC(
RUJDQLF IHUWLOL]HU UHSODFHPHQW 120 SDUWLDO ELR
UHSODFHPHQW 61 JUHHQ PDQXUH UHSODFHPHQW *0
PDWHULDOV §$' DQG PL[HG UHSODFHPHQW RI WKH DER®
FOLPDWH W\SHV ZHUH FODVVLILHG LQWR WKUHH WHPS
VXEWURSLFDO DQG WURSLFDO 6RLO WH[WXUH ZDV VLPS(
6WDWHV '"HSDUWPHQW RI $JULFXOWXUH FODVVLILFDWLRQ
S+ ZDV FODVVLILHG DV DFLGLF S+ QHXWUDO

62& FRQWHQW RI WKH VRLO ZDY FOPNGEGLKIPHG LQWRIORZ

DQG KLIJKE NJFRQFHQWUDWLRQ OHYHOV 7RWDO QLWURJH(

LQWR ORZ 7 PRHIGN X P FRIQKBI KLIJK « ORYHJV
$YDLODEOH SKRVSKRUXVY DQG DYDLODEOH SRWDVVLXP FF
PoNJ BN J BNJ DQG « oNPJIJIDQG XVH W\SHV ZHU

FODVVLILHG DV SDGG\ ILHOGV DQG GU\ODQGYV &URSSLQJ
RU WKUHH FURSSLQJ V\VWHPV 5RWDWLRQ SDWWHUQV 2
,UULJDWLRQ PHWKRGVY ZHUH FODVVLILHG DV UDLQ IHG L
FRQWLQXRXV LUULJDWLRQ

6 XLWDELOLW\ DVVHVVPHQW

7R HYDOXDWH RUJDQLF UHSODFHPHQW DFURVV &KLQD ZH
LQWR VHYHQ DJULFXOWXUDO UHJLRQV EDVHG RQ FOLF
FKDUDFWHULVWLFV 1RUWKHDVW +HLORQJMLDQJ /LDRQI
+HEHL 6KDQ[L DQG ,QQHU ORQJROLD (DVW $QKXL 6KD
6KDQJKDL &HQWUDO +XEHL +XQDQ +HQDQ DQG -LDQJJ
)XMLDQ DQG +DLQDQ 1RUWKZHVW 6KDDQ[L *DQVX 4LQ
BRXWKZHVW &KRQJTLQJ 6LFKXDQ *XL]KRX DQG <XQQDQ
1((% UHIHUV WR WKH FRPSUHKHQVLYH DVVHVVPHQW R
WHFKQRORJ\ V LPSDFW RQ ERWK HFRV\WWHPV DQG HFF
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VHUYLFHV DQG HFRQ®RPULKLEHQWXIGWVZH HPSOR\HG 1((% W
UHJLRQDO VXLWDELOLW\ RI 255 VWUDWHJILHV $ SRVLWLY
HFRORJLFDO EHQHILWV RI 255 H[FHHG LWV FRVWV ZKHU
LQGLEDWHY WKDW FRVWV RXWZHLJK EHQHILWY :H FDOI
DSSOLFDWLRQ DFURVV WKH VHYHQ DJULFXOWXUDO UHJLF

'?KJKIE? >AJABEP L ; AHQH2Z\N\E2A

'JRENKJIAJP >AJABEPRE Q @2 RERAA

0"'$ L'?KJKIE? >AJABEP F'JRENKJIAJP >AJABEP
ZKHUBHAH@BHSUHVHQWY FURS \LH O 5M&HQRWH B UFHUIR SNB CKUDN
SULFH &1<O:NJLQGLFDWHV WKH DSSOLFDWLRQ UDWH RI RI
DOBNE?AVWDQGYV IRU WKH XQLW SULFH RI0 RWHHQUL WRE V\
QLWURJHQ IHUWLOL]HU D3SR2ADWLRQRIB\@H HNW KOL]HU
&1< NJ DQG UHSUHVHQWY UHDFWLYH @UWARIHIQVS RQ\GH D
FKDQJHV LQ GLUHFW LQGLUHEFW JUHHQKRKKIHQID W X@RWV I
1+ 1 YRODWLOL]DWKRQFRQWH&®HG DFFRUGLQJ WR WKH ,
3DQHO RQ &OLPDWH &KDQIHNERRRGUXKDEHULWKM WUDGH
GLUHFW LQGLUHFW JUHHQKRXKMH $BGHWLROQDOILOTREPDW
HPLVVLRQ IDFWRUV DQG PDUNHW SULFHV FRVWV FDQ EH
7KH FRVW EHQHILW DQDO\VLV H[FOXGHG RWKHU RSHUD
H[SHQVHV ZHUH DVVXPHG WR EH VWDQGDUGL]HG DFURVYV
RUJDQLF VXEVWLWXWH DSSOLFDWLRQ UDWHYV

SRWHQWLDO HVWLPDWLRQ

7KLV VWXG\ FDOFXODWHG WKH FKPQBRV VIVQDRIEL 6 URBU ER
\LHOG IROORZLQJ 255 XVLQJ WKH IROORZLQJ HTXDWLRQV
5% b ApS1YH '518HS&H * Hsr
)*)Ouik % g HIZE "0glyHe Hixw S HizEZ Hixw
¢)*)0 Ay)*) OgH ; EARHB( o v
¢GEAH@H "Wy
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ZKHUH WKH LQFUHPHQW ¢ VYX%YFUM SWK HE DRKDOQIH LQ FDL
VHTXHVWUDWLBOQWLO WRH 62& LY NIHRILRDHyLYVY WKH
SHUFHQWDJH FKDQJH LQ 62&EPQ@GHE U Q@ SUFHIGRIW LVRIQHR | W K
VRLO EXON GHQWWHIOLR® WKH VRLO OD\HU WKLFNQHVYV
FRQYHUVLRQ FRHIILFLHQW DQG WKLV VWXG\ PDLQO\ FRQ

FP VRLO ORYHMWLYKWKH FKDQJH LQ *+* HRKD/VLRQV N
"% EyyDQ®@glyyDUH WKH SHUFHQWDD B GEHIDRLUWY LRQ&+IURP
FURSODQG LRQWGHHIUL G SOLFDWLRQ RI WKH 255 GHULYHG
" EAK@Y WKH WRWDOERHORS NDFBHWIRMW KH *+* HPLVVLRQ
SHU XQLW \LHOG RNJVEEHUNRIS LQ UMKBIOWD IURP WKH :RUC
SHVRXUFHV (ONAH®& XWKH FKDQJH LQ SHU DUHD \LHOG RI U
LQ UHBLRXR KDy LV WKH DYHUDJH SHU DUHD \LHOG RI ULF
UHJIRRQJ KDDQWyLY WKH SHUFHQWDJH FKD@XH)GAUFURS \|
DSSOLFDWLRQ RI WKH 255 GHULYHG IURP WKH PHWD DQD
7R HVWLPDWH DJJUHJDWH FKDQJHYVY LQ FURS \LHOG *+* H
DFURVV DJULFXOWXUDO UHJLRQV XQGHU 255 VFHQDULRYV

S1Pavk ¢5L%oH #
)*)O L ¢)*)OR#
' EAH@ L ¢ ;EAH@ H #

ZKHYHLY WKH KDUYHVWHG DUHD KD RI UEFH PDL]JH DQGC

&RVW DQG EHQHILWYV

7TKH LPSOHPHQWDWLRQ FRVWY XQGHU GLIIHUHQW 255 VF|
SURGXFWLRQ HFRORJ\ KHDOWK DQG FOLPDWH ZHUH HYI

,PSOHPHQWDWLRQ FRVWYV
7KH LPSOHPHQWDWLRQ FRVW RI WKH 255 VWUDWHJ\ VFH

RUJDQLF UHSODFHPHQW VXEVWDQFHV $PRQJ WKH WKUF
vwubz zbVv WUHDWHG DV ORFDOO\ DYDLODEOH DQG WK

FDOFXODWH WKH QDWLRQDO LPSOHPHQWDWLRQ FRVW RI
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IHUWLOL]HU SULFHV IURP PDUNHW UHVHDUFK 6XSSOHPHC
VWDWLVWLFDO GDWD RQ QDWLRQZLGH KDUYHVW DUHDYV
FDOFXODWHG DV HTXDWLRQ

BKQP AgttigH G H 2NEPA
ZKHUBKQPUHSUHVHQWY WKH DGGLWLRQDO FRVW LQ &
LPSOHPHQWDWERQHBUREHQWY WKH KDUYHVW BEDUHD KD
UHSUHVHQWY WKH FURS W\SH ULFH ZKHDW PDL]H

1HW SURGXFWLRQ EHQHILWYV
1HW SURGXFWLRQ EHQHILWY IURP QDWLRQDO 255 LPSOHP

$AJABRIPA ¢ ; EAMG@
ZKHUHSWXABERBHQRWHY WKH QHW SURGXFWLRQ EHQHILW
JDLQV XQGHU WKHKy 255 WKHJ RQYIHW\QHW SURGXFWLRQ EHQF
NJ 7KH GDWD RQ WKH XQLW QHW SURGXFWLRQ EHQHIL

DQG %HQHILW &RPSLODWLRQ RI $JULFXOWXUDO 3URGXFW

(FRV\VWHP EHQHILW
(FRV\VWHP EHQHILWY DUH WKH EHQHILWY QLWURJHQ UHG

DUH HTXLYDOHQW WR WKH UHGXFWLRQ LQ WKH FRVW RI [
$AJABEIPA, ¢0.5 H' %KOP
+HUH GHQRWHY WKH QLWURJHQ ORVV SDWKZD\LYQFOXGL

WKH TXDQWLW\ RI QLWURJHNQJORY & /UL V WHK HR SW WKL BIG V F
"WKOQPUHSUHVHQWY WKH PRQHWDU\ HFRV\VWHP EHQHILWYV
I &1< NJ 1

+XPDQ KHDOWK EHQHILWYV
%DVHG RQ D FDXVH VSHFLILF LOQWHJUDWHG H[SRVXUH=zU

KHDOWK GDPDJH FRVWV IRU QLWURJHQ HPLVVYKRQV LQ &
IXQFWLRQ ZzDV HVWDEOLVKHG EDVHG RQ HSLGHPLRORJLF
GHDWK IURP H[SRVXUH WR DLU SROOXWLRQ VSHFLILFDO

ZDWHU SROOXWLRQ DFURVV GLIITHUHQW UHJLRQV RI WKH =
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LPSDFWV RI QLWURJHQ SROOXWLRQ FDQ EH IRXQG LQ WK
%XUGHQ RI 'LVHDVH ZHEVLWH KWWS JKG[ KHDOWKGDWL

E\ WKH LPSOHPHQWDWLRQ RI 255 DUH FDOFXODWHG DFFR
SAJABRPA ¢0., H*%KOP
ZKHUWKORY WKH PRQHWDU\ KHDOWK EHQHILW RI WKH P

&1< NJ 1

&OLPDWH EHQHILW
7KH FOLPDWH UHODWHG EHQHILWY DFURVV VFHQDULRV D

IURP *+* UHGXFWLRQ DQG WKHFGKPFIWWWRQLPSDFWV RI 1+
$SAJABEPD)*) H % %P B s H % % KQOP

Where 1)*) is the GHG emission reduction in a specific scenario (kg eCO

% % K falPepresents the monetary climate benefit du¢ 0 HPLVVLRQ PLWLJDWL
ZKLFK LV DVVXPHG WR EH WKH FDUERQ % lgkHP RI &1<

UHSUHVHQWY WKH PRQHWDU\ LPSDFW RQ WKH FOLPDW}
PLWLIJIDWLRQ ZKLFK LV DVVRFLDWHG ZLWK WKH FRROLQJ
FOLPDWH EDVHG RQ SUHYLRXV VWXGLHV

SULRULW\ DUHDV EDVHG RQ EHQHILW DUHD FXUYH ILWWL(

7KLY VWXG\ XVHG JOREDO EHQHILWDUHD FXUYHV WR LG

VWUDWHILHYVW FDOFXODWHG WKH FRPSRVLWH EHQHILW

$SAJABRIPSAIABERS AJAGEPSAIABFEPS AJABEPY% KO P
,Q WKH IRNPAGEBHQRWHY WKH QHW EHQHILW RI LPSOHPF

FDOFXODWHG DV WKH VXP Rl SURGXFWLRQ HFRV\VWHP |
LPSOHPHQWDWLRQ FRVWAJABRMD OZH W DFNRE VWEKGIO JULG
GHVFHQGLQJ RUGHU W@ |RUPo)W KEKWHBXBRBHH WKH

PD[LPXP DQG PLQLPXP YDOXHV REHMSHFNWLWHKE\FZRGOIDW
SHUFHQWAINEF?» DQG WKH FRUUHVSRQGLQJ FXPXODWLY
2%z ZHUH FDOFXODWHG DFFRUGLQJ WR WKH IROORZLQJ H

2% L A) o3 0Sacadsrr
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25 L Al g3 #oacohSTr
ZKHUH LV WKBABERI JULG FHODGGGHQRWHY WKH JULG
FRUUHV SRR ®BQJo IR tdak BIA J A BEarross all grid cells, anda.or
is the total number of grid cells) XUWKHU ZH FRQVWUXFRAHG WKH RL
25 < 260 260% 254 264 @ 7KH FXPXODWLYH25HQBG WW\W AR URYXU
VORGHHUH FDOFXODWHG DV IROORZV

2% L B:gy

G LB'sR
7KH SULRULW\ UHJLRQV IRU 255 ZHUH FODVVLILHG LQWR
DUHD FXUYH SULRULW\ DUHDV N ! VXE SULRULW\ DUHL

8QFHUWDLQW\ DQG UREXVWQHVV DQDO\VHYV

7R TXDQWLI\ XQFHUWDLQW\ DQG DVVHVV UREXVWQHVV 2z
PHWD DQDO\VLY DQG GHFLVLRQ RXWSXW OHYHOV :H TXD
HYDOXDWHG VPDOO VWXG\ HIIHFWV XVLQJ (JJHU W\SH
LQVSHFWLRQ DQG WHVWHG VHQVLWLYLW\ YLD OHDYH |
6XSSOHPHQWDU\ 7DEOH 6XSSOHPHQWDU\ )LJV +
XQFHUWDLQW\ LQWR VFHQDULR RXWSXWV ZH LPSOHPHQ
JHQHUDWH HPSLULFDO GLVWULEXWLRQV RI WKH SRROHG
UHGXFWLRQ IDFWRU IURP \LHOG VFDOHG &+y DQG 1w2 |
UHJLRQ+FURS+VWUDWHJ\ FRPELQDWLRQ E\ VFDOLQJ \LH
UHODWHG HQYLURQPHQWDO WHUPV DFFRUGLQJO\ 6XSSOl
‘H IXUWKHU HYDOXDWHG WKH UREXVWQHVV RI VSDWLD
1((% VXUIDFHV ZLWK PXOWLSOLFDWLYH ORJQRUPDO QRL\
EHQHILW+DUHD UDQNLQJ DQG N EDVHG ]JRQLQJ VXPPDUL
DUHD DQG EHQHILW VKDUHV RI SULRULW\ WLHUV 6XSSOH!
DQDO\WHV LQGLFDWH WKDW RXU PDLQ FRQFOXVLRQV DU
LQIOXHQWLDO FRPSDULVRQV DQG XQFHUWDLQW\ SURS

6XSSOHPHQWDU\ 7TDEOHV # 6XSSOHPHQWDU\ )LJV =
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'‘DWD DYDLODELOLW\

7KH JULGGHG GDWD RQ FURS KDUYHVWHG DUHDV DQG
B3URGXFWLRQ $OORPOWURQGGRIGHGDWD RQ FURSODQG °
W DQG EXON GHQVLW\ ZHUH REWDLQHG IURP WKH +DUF
UVLRQ KWWSV GRL RUJ FF LGQG BAEXWEH 6BV
XUFH 'DWD ILOH $00 VRXUFH GDWD DUH DYDLODEOH Z

SHIHUHQFHYV

3LQJDOL 3 / *UHHQ 5HYROX