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Assessing the efficiency of changes in land use for
mitigating climate change

Timothy D. Searchinger?#, Stefan Wirsenius?, Tim Beringer? & Patrice Dumas®®

TR RS ERIRE SRR R T AREFRIRRIIAL "IRR" . 20RH
S E R B R LN BUEEE Y AGER, (UUDSE L SEENEER
B, BAIESAAIREES L R MBI FHE, FEET R
PRt ERRIR T &

MENTESEHOL A E RHERAIEE, SFEGREBS T (Lifecycle
Assessment, LCAs) . #PER(EMAAREL (Physical Optlmlzatlon Model) LARAEFRE
"lEHELIERZME”  (Indirect Land-Use Change, ILUC) RN FE—LL
F. NTRIMNIBRERERE, NEFERHAmRIKE ?aéﬁl (Carbon Benefits
Index) BERIGHBAIETRLIBAY=HIA—SEIRAIE N HITE

1. YRR RGBSR IS YRR T RGBTV, +(FERREYIRE
B IAEIFrmRa0%BHE (Net Carbon Reduction) .

2. AR AR IR EUN Rt =R = OB A A S R SR Z [ E(E.

EFRIEIBEIXMES, IARARH—SSINZIERIEEANSD - "
=pA" (Carbon Opportunity Cost, COC) , FELAEERIBHEASH SRERAY
FMMIREI N R RIS MY — SICRHER.

— B4 2:

BEF i s iR sy

XEMEE D BINEFFIE

T : ﬁﬁ/\ﬁ Ho T T RNEG.
RIEBDITRIER, 4?%1)\?3%

‘m "lp.jti il tljga; W///////////Z//A Il % Carbon land benefit Q/J{'KQE}LLH’JH_Y:%\E@ZE%TIEE%

o e B0l AN E N AR R

) RELRY B A A (

E— Carbon Cost) gEETFLA
BARIFNSE ARV RHE . R4

Grass ethanol
(grass yield 10 tor DMhy
sc q. 0.6 ton/halyr)

(grass yield 37?;n0M“ha/)'1 _
it PR D RAT B REE B A
0 5 10 15 20 % 30 ﬂi’;)}ﬁz Q\E&H FB&Q

Mg C0, eq per ha per year

» LCC NEWSLETTER «



&
B
Bt
et

Solar-power BEV

Maize lowa (Central Europe)

ll

Gasoline/diesel average

Current
[ R
Maize West Africa Cane ethanol

Maize ethanol
Rice global avg
TR Whest s
- Rl
Wheat Sweden
m—' Paim-oil blodiesel
E—— § somembiosees
Peas Sweden
_ : 0 100 200 300 400 500 600 700 800 900
0 S 10 15 20 25 30 35 Carbon costs (g CO,e km™)

Mg CO, eq per ha per year . coc . Production emissions

B Fossi-fuel CO, emissions
. Carbon land benefit . Net avoided production emissions

% Net increase in production emissions | Net GHG benefit Beef, system 1

(30 kg ha! yr')
Beef, system 2
Vegan (75 kg ha™' yr’)
Beef, system 3
No beef or dairy (140 kg ha' yr)
(beef switch to -_|

poultry/pork) Beef, system 4
(200 kg ha™' yrY)
oveiecio I — Sokg ey
(ovo-lacto) (220 kg ha™' yr)
Soybean

oo TS — ”

(-50%)

Sugarcane ethanol
Baseline Reforestation of tropical
rainforest (5 t C ha™! yr)

0 1 2 3 4 5 6 7 8 9 10 11 0 5 10 15 20 25 30 35 40 45

i =1 2
Carbon costs (t COe yr-' per capita) Carbon benefits (t CO.e ha™' yr)
. Carbon benefit . Net avoided production emissions

CcoC Production emissions
. . 22 Net increase in production emissions | Net GHG benefit

BEREN: WK ESRT LS FAEE DA BRI EN—IEEfnE, flil, ME
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AILHFIRLAR SIEEAEMSEER R, S—hEEAAM B EHELIS 25 BiraTimias)
REREEIR, SFHORELL, MRMMENLIETHRTE, BSSROREHMEMEAE
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ZNEEd B TR WITRETAYRIE, BtiEt . SRMMEIT RN
BRI THLIHENMINRME R, MISHERBHNESRTUENEIA, BaXEE=IEM
—SLERRIHER. BTSRRI R EF FRIPMENFRMNSRESRERLARMIIRTFEE
TREE, BEfERAR(EH —ERHERREN B iR,

RN

{E/3Consequential Lifecycle AssessmentfJAttributional Lifecycle Assessmentjs
FARAIARLE, Searchinger #EH—iG ZgiIndirect Land Use Change(ILUC)RIHESIE
SRS EH TR, ALEE DIERTHS TR —SHRITHEE S =, B
E—FRIEASH, BRT7TLEEERNGEE. XEEEITHRRRHRARNH T X
MRFIRIXIEEIFEFNSENE, LS AMIIEREEINMERAR'FI4EES .

M. [R3GEE

Land-use changes are critical for climate policy because native vegetation and soils
store abundant carbon and their losses from agricultural expansion, together with
emissions from agricultural production, contribute about 20 to 25 per cent of
greenhouse gas emissions. Most climate strategies require maintaining or increasing
land-based carbon3 while meeting food demands, which are expected to grow by more
than 50 per cent by 2050. A finite global land area implies that fulfilling these strategies
requires increasing global land-use efficiency of both storing carbon and producing
food. Yet measuring the efficiency of land-use changes from the perspective of
greenhouse gas emissions is challenging, particularly when land outputs change, for
example, from one food to another or from food to carbon storage in forests. Intuitively,
if a hectare of land produces maize well and forest poorly, maize should be the more
efficient use of land, and vice versa. However, quantifying this difference and the yields
at which the balance changes requires a common metric that factors in different outputs,
emissions from different agricultural inputs (such as fertilizer) and the different
productive potentials of land due to physical factors such as rainfall or soils. Here we
propose a carbon benefits index that measures how changes in the output types, output
quantities and production processes of a hectare of land contribute to the global
capacity to store carbon and to reduce total greenhouse gas emissions. This index does
not evaluate biodiversity or other ecosystem values, which must be analysed separately.
We apply the index to a range of land-use and consumption choices relevant to climate
policy, such as reforesting pastures, biofuel production and diet changes. We find that
these choices can have much greater implications for the climate than previously
understood because standard methods for evaluating the effects of land use on
greenhouse gas emissions systematically underestimate the opportunity of land to store
carbon if it is not used for agriculture.
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Nexus approaches to global sustainable
development

JianguolLiu', Vanessa Hull?, H.Charles J. Godfray?#, David Tilman®, Peter Gleick ©' ¢, Holger Hoff"2,
ClaudiaPahl-Wost!°, ZhenciXu', MinGon Chung’, Jing Sun''® and ShuxinLi’

20504, HEEKFREAA GHBIZ90{Z2. AW HEEE, Eit, MEREATL. K
HRERRCAEERER, ARIRAARERHFRIPIFZZ 2L, SRHEBHF
EXEt, SIEZHWETERMEERNTH—SERN, SH "B, EBEEL" . A, B
BENRIZ T EI2030FEXLIM1 70l #F48L A B BHR (Sustainable Development Goals,
SDGs) HMRFENE, EPEEZEAMEAIRHTENER. sBRMXKERFELR.

ERINEISDGES, FEZELEZEHENRMSIMAXTER. EHERETH
BREMPE, (NEESR "B . BRI RERIN ISR,
REFGEERTEXRAARRRSE, BHERT, "8 (nexus) X—iIS8HE
IBRASEMZAEEEE. IHRARFHONEEE. R "#B5" X EiEUREIIEFER, X
SEENN: EREIMITFHRIBRA T, BT AISEAMARRIIZEESE O NEIE
IRENST AT, REEE B MSERAYER.

ZXEZRZ=EE: 1) BETENEENBNRNNEMNA? 2) ERBELES
NIPLXFELE? 3) HRNEBARTASARKARSTHME? s, 2 BIiTIeEs R
HESUNTEEENIRSEERTIE. SEAAEKTE, NMERERFIMERIARHEE. HEHA
B IR S RTINS EAIEER.

BERR FIA= N, XEREE]: 1B
BRLEERRAENNAFTR . BESH

- 1. EREAEESRE, ERRSIRIE
H B2 (FERHAESDG) , SarBUESRTD,
\ BElBMST. REMX—EanmEid
3 B _ Tmepy ze, orEeacm, EA

A 2.--H= 5 AN SHARARRBENEEALTHSE
1 vyl o E FYERR. BEFRAEREMIZEER, B
= . RASEE: 1) PHRRREFEIZE. RE
A £l P RERFRRESZEANBEXE; 2) Rt
FORUE, IEHIEIOSEMEY; 3) KIEATAY
22 WEINER, RFABRITL, ReE. AERE

= HKE, Mo, “BE" EYBLEH AR

. AERERABXIHZEHEIE, B8
Bl #BATENARTESARERNEN AP, BIHBRTETY. RMERITFIRE
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AR, HSRINEYFE, UREHEERERNRIIBER, HidX, ERFEAR
"B AETEESTT, WSESHENSITEEYT.

- B EVERNBIF R

ERSiEsARCIH: SEIKEDITER, WhmEMREEIRAH, EeA0ZENCH
TSR EURIERIR D B4R (Urine Separation Technology, UST) &tUEFRAETE10%H
F7KZEK. 10%RIEKEERBFELARIA 25 %R0 R/K A ERRERE. USTHEERYRE IR REiREH

HOREURD . BIKPEFMIKFRER, Lo, BISUST, (CHHEFREREEEI2300MEE]
24000 FFBIFILIE, BBRENREEFEIBAMNE (YG6%FTE) .

- BREAEINE

WXES: BRAGEIKERCARFEH75%, EEMKRETREH/3, HEFTE
REERRA - R EREREDBINE (gravity-fed) F5e, mraHTF NERBFEREEER
g5, WEE (BENBEMINE) HRFEEE, REFRKITE13%, BRETHBIEIN135%.
- RIESIMNER

SRR M19505FR20105, HAEYIMRIRNHERIERKT78%, BH64MERIRIL
TEEMIRERRE BirEGRFIE R, SZEARIRIT25-50%ARIRENRRIENRE LR
. HESHNREmNTEIHF_ CRREALOFET MR CERI RN,
« DBEEFITR, RFREK. iREREEKE

BRAEER: BEEOL-HAUDSEEFAABRREIKRRERE, PR "SHHEZ
TrER" RIRAERIRIK, KEFRFEARETIE,.

. — - BABXNRAERA
— e BR-AER-7KBE (FEW Nexus
= \{ - ) FRZSEESRSR. SERASEN
e 2 S, LAVATR, B REIXLATRE
o GOALS = FNFFRAIE. FLIHBAR R
Hore |} — , ERNESIEZ. WEARSRAH
= - — | ART{FE—E THR. 1EE— g
o ™ | REAIFREE S %
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5@3@%’37’5%5’\]9&%@5%@% : 1 ) Eﬂﬁﬁ%%é — . Formulate nexus research goals I
HRMBIT; 2) WEEARAINR; 3) ByE 1
éﬁﬂ:%ﬁ’g*ﬂ%@ E=p2lal : 4) ﬁ*ﬁ%%é%éﬁg%l‘ﬂ E(J?SZ o Define nexus system(s) of interest
BXK, 5) (FEBARADD, 6) SRS !
;%%E\ i’@ﬁ ° — Develop nexus conceptual framework Pm—

!

Bﬁ??%ﬂj%%éjj— ;iﬁﬂ%iﬁ*ﬂ%, \szlﬁﬂﬂﬂ%% — Analyse nexus relationships }—/
HRApmE., BREE: 1) FERSEARDTIER ’ |
 BEZH], FEARE. mAKERSSDGHI ————

BNER: 2) LR ARNEDIMEE — 1 Smeerewonne |
©3) REEA S AT AR, FESDGIEMBE
HES BT EERHIBES HIERISINEE M, E3: SRS ENANTELSE

=. EFER

ZXNBTVINBEEESEEEBR (SDG) SEMm-86E-7K (FEW) BEE%KZE
AIBXZR, FEWRBS D BIRIMSDGsHRISDG2 (RFHRAE%RE) . SDG6 (IBFtkE=) , LA
KSDG7 (EsgpeiR%s) . EEXINEMMSDGEREIE: By kFXER (SDG17) | &
RXIPREEMSHIERIFIN (SDG15) | IBDXIKEENMSHMRIFIE (SDG14) | HiREl
CO2#pX (SDG13) | BHEBZERSESKA (SDG12) |, ARG CIHT I SEEEIRHE
iR (SDGY) . [ENEMERRIEASDGERNERE: mMPAFE (SDG10) | BliEH Wi
FHo) (SDG8) . HEFMRIFENTSERIMSIFZEF (SDG5) |, LUREFEERSEL

(SDG3) FF., RGESDGSFEWRBEENAALTH. NEBEIREGSHEUNARITE
iz, BIREEAERSEMNE, MEEREERFEWES SSDCZARYRER, XERK
RiEmT. MEEK, BHEERMNE. AlEMREN "NEEE" BGANE, I, XERE
T "7EA-ThEE-=A" pUIBLE, EIRIREMNME T FEWSIEEE S B o tTRIAR T A R ALY

BEFNEAEIZZI,

M. [RIGEE

Many global challenges, though interconnected, have been addressed singly, at times
reducing one problem while exacerbating others. Nexus approaches simultaneously
examine interactions among multiple sectors. Recent quantitative studies have revealed
that nexus approaches can uncover synergies and detect trade-offs among sectors. If
well implemented, nexus approaches have the potential to reduce negative surprises and
promote integrated planning, management and governance. However, application of
implementation of nexus approaches are in their infancy. No studies have explicitly
quantified the contributions of next approaches to progress toward meeting the
Sustainable Development Goals. To further implement nexus approaches and realize
their potential, we propose a systematic procedure and provide perspectives on further
directions. These include expanding nexus frameworks that consider interactions among
more sectors, across scales, between adjacent and distance places, and linkages with
Sustainable Development Goals; incorporating overlooked drivers and regions;
diversifying nexus toolboxes; and making these strategies central in policy-making and
governance for integrated Sustainable Development Goal implementation.
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Flight of an aeroplane with solid-state

propulsion

Haofeng Xu, Yiou He, Kieran L. Strobel, Christopher K. Gilmore, Sean P. Kelley, Cooper C. Hennick,

Thomas Sebastian, Mark R. Woolston, David J. Perreault & Steven R. H. Barrett B

Nature 563, 532-535 (2018)  Download Citation +

T E1002FK K —BEFERRIERa e TIH FSERaRER4EHS, REaR
ELIROMRIGRMHEE, #EE BN CITETENRNABNIESTIFEERHER. MITAISteven
Barrett i I HIPAR BB FX " (ionic wind) , B R ABEBM N FHED

(electroaerodynamic, EAD) BARBRESRSZN HWIREED., "BFEH" KA
HBIZRINEREPRHNEFLAEESE, Bl SNBmshHRFRPREEENEME. NVFEEEFEL
BEHFBFTREFYHER. AT, EtZ e ERAXMESEH R CA%Lhl. X
BEERAELREPIISE T — N LieteEpEm "SFER" KREaESEMN (T X&E
EERIT T —2E5REKHBEEE I, NLERET "BSFEH" FrEa@EthiBiRRSs,
IR IFARNBIERTESR, LT T10RE €, KRMeTLSSIISEN T,

=. FRRERE
ATTERBEENERT, HRAR
£ SR T HRE T XUEHER
FEtkAE, T EBRETHERRAIATEN
LNBEEENHTEAREREEER B —
R38R, e o e T

Z R —NERREBAN— 1T TR, ZESFTLUSEIEAIBENKREL 200
AFE 40 HA. SEFEBRIBREET WO, Be(ILUEBTEES TR,
R LA 2 XIFG. BarrettBURBIAERMEE TFBAUABIERNS WL T T T,
I RIS DT WL KT T 55K,

Y

PR S A=

"EFHER B MRS R TSI NEE. BEANECEIEE TIZ AR
NEERLHBELANS KT Ek, RAHIEEERSEENLAIRES, BRIZRA
HailoEtmEmAmSIENEE 7. BfRR, "BFER NXIEEHZER3 N
m-2, BHBINTATCTHRAEFNIEDZERI10 N m-2, MRKEASENEELY
1,000 N m-2f5¥ R,
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BT RFA9A5S AR Priyanka Dhopade #i:  “BIAIEEIMAMESME=LZEI
EERIKHIEEE, "BFEH" BUMAEES. MEELANCTHNES. NAGST
EEEIRIRFERRRTHEAN, SEEMEENTEAN, URENEITAN., XEFEEIAS,
AR USES K —RER. Bk, BalhERRGEIUBRAN S, BTEHNEG
WHUTHAES, IEMEREE RATLLEIREDFREMIREE. B, RTIHRETZZ
At XBERMEE T FHEEAT T —2XEIAE.

RIFEX

MREET 115 RIS S CITIRR 35K,
Z1MES, "B TCHAYS5K1280EY
REFHAEE, EEER AR FRRS
KA ER Franck Plouraboue FREHA, X2
HU, EDA EEREESCI/IFER KL T, MiX
MEHIRILEREENEE T B iR CRE
BITRUSEMM, BRTETANLRINAZS, R
MEHERT ISR WIBEES A, REW
I, XAZRHFRITER, MERKERIT R, X
—IRRBIR K.

M. [FE3GHE

Since the first aeroplane flight more than 100 years ago, aeroplanes have been
propelled using moving surfaces such as propellers and turbines. Most have been
powered by fossil-fuel combustion. Electroaerodynamics, in which electrical forces
accelerate ions in a fluid, has been proposed as an alternative method of propelling
aeroplanes—without moving parts, nearly silently and without combustion emissions.
However, no aeroplane with such a solid-state propulsion system has yet flown. Here
we demonstrate that a solid-state propulsion system can sustain powered flight, by
designing and flying an electroaerodynamically propelled heavier than-air aeroplane.
We flew a fixed-wing aeroplane with a five-metre wingspan ten times and showed that
it achieved steady-level flight. All batteries and power systems, including a specifically
developed ultralight high-voltage (40-kilovolt) power converter, were carried on-board.
We show that conventionally accepted limitations in thrust-to-power ratio and thrust
density, which were previously thought to make electroaerodynamics unfeasible as a
method of aeroplane propulsion, are surmountable. We provide a proof of concept for
electroaerodynamic aeroplane propulsion, opening up possibilities for aircraft and
aerodynamic devices that are quieter, mechanically simpler and do not emit
combustion emissions.
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Revisiting the social cost of carbon

William D. Nordhaus®"
*Department of Economics, Yale University, New Haven, CT 06520-8268

Contributed by William D. Nordhaus, November 21, 2016 (sent for review June 8, 2016; reviewed by James K. Hammitt, Al McGartland, and Gary W. Yohe)

BRAERAY9t SRS (Social Cost of Carbon, SCC) ESEZH A FFhaEERIHES
, BRI HE TSIRBERA X EMRIR. B D RNLbRREE (B0, R/MI—IE
TENHHEEESE) FERR (te) IR ITEMER, SCCEEMRMR T HHERM
BIGINERE, AETHRAKSEOTHESREER (MEESAHRIRE. &RE) LUINRE
BHEBFMEM T B2, XBENEENordhausEFSETHESTNERIDICE (Dynamic
Integrated Model of Climate and the Economy) FIRICE(Regional DICE)IRFINEZ
—, HPERRIDICE-2016REIPCCERRIRE A Z EDICERNEEET A, XERRZE
THERBIMGHAIMTS, ST EFERISCC, RERYEESIHT T DICE-2016RIBIERFRI—hRA1E
FFESHSCCRRR, FHS5HEHMGSITFMER (IAMs) #iTHHE.

BHIBHISRA (SCC) FITRR—MHRESZRMISE, 88 T IRRABITHRIE
INISIRRSFTERAISFPRNG, SIERERRTIIEFDALRRIRN, NESERR
I, LARSIERIRIR RIS BT LE. SCC—REBBIS R EEHNERE T3]
NERINRRIBRAEIES S TEMERRRIEFIRKTIEER, REFFFINESENN

AW JAE(t) _ aC(t)
oW /AC(t) ~ IE(t)

SCC(t) =

FRIBRIFRIAT D FRERR A ERIRILRRENN, DB HIE R EF AIAFR
W, WY FRLLER, ATLUSEIRtHHERRSIIAMREARAIRNE, RISHUERR
SCC, ESERNRE, BTHSENRHEWEEHIANLEIT, XERREENFIEENL
WeBHrE, B— 1T aiSHERITIE.

Nordhaus2& WA S AR TRIZEZ—. e SR IERKIReH)
Hhifl ESINASIRIEIAGIE, MESRES (EFRESENFIYREAXER) , RINER
SRR FFTERIRN, WERIRREL (B), MKRREY) , R TETHRER, 7E
BHERY; BRHFG [EESMR3EL, #Hm~EmRKk, FERBEENIASIEREFTRSE. HEEEIY

(IBHY) AERRERIIL, B TRERFRENHESIEZUNRMER, TLIR%
SR E AR SMRBERRISFZNG,
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———————————— generates CO2
emissions

/

Carbon cycle:
redistributes around
atmosphere, oceans, etc.
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I

| Climate system: change
: in radiative warming, precipitation,
I
|
|
|
|
|
|
|
|
|

ocean currents, sea levelrise,...

Impacts on ecosystems,
agriculture, diseases,
skiing, golfing, ...

e,

Measures to control
————————— emissions (limits, taxes,
subsidies, ...)

Figure 1. Schematic flow chart of a full integrated assessment model for
climate change science, economics, and policy

(From: Nordhaus and Sztorc (2013) DICE 2013R: Introduction and User’'s Manual)

=, EREE

Bal, EEBUFANFZIEXER IEEBERINE T 2P ERRHEEIt S AN(SCO),
BT, XEBERATS RREFR@BIE T 151235, DICEHEE R EE KRR
SCCEAN=ANSBEZUSETHLIEER 2 — (BN MEE S BIZFUNDFIPAGE), X&E
NEETHHEHIDICE-2016RIEERIEFHiT(L 7 SCC, HRBIRIBUHF FEFMTGRISCC
NEENHCERH—THRSCURH TE5%E, XERIEDICE-2016RIER!, BHEARE
E%?;%Q;ﬁfiﬂﬁﬂﬁﬁﬁﬁﬁ’ﬂﬁ%ﬁi$%31%ﬁ: (LAL2010FSETint&itth) . FHLABE3%

VIREEIK,

=, FEEARANE
fr482scc

BHEBHESRA (SCC) RLALRM (flnsE) BER (Fvh) —IE -SRIk
BEEZE (RELAFREHR) FREMRY (f1S) RK.

HZARIDICE (Dynamic Integrated Model of Climate and the Economy) #=5!:

. rI(1) BfRRE: HREFIREW, BEENAET AEENMEERE MR
N&TE;

(2) &EFiEHR: FECRTERE. IRAREFORAREL;

(3) BIEMISIRRER: RRFE=MREFREKSE, XKSEEMBESETLE
B, RBE), FELEM FRREIMER, BISHRE, SREMEIRNERS
HihSRMKMPEBELER -, ESBREKERPEARAKRENNIETEE
(radiative forcing) AIEZIELAR SURSURRIE.
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DICE #RAEIEFER, TLAMNordhaus ™ AIBTEARER FE,., DICEEEFH
DNRGERRA, HPp—PMNEFGAMSEE, LU TENMAIND T, BI—1ETF
Excel, BEEVIMBIAITEERAIBIERIENL. Nordhaus and Sztorc (2013) (SFMELESE
7 DICE-2013REAK Z BIMRABIGAMSHES,

DICE-2016R¥:ZRHikRE
AFreRiHAgitnTS :

(1) BENEREUEA TR H. ZRIRMRAEEER T HRRIT AT RSB RANE
it. SRIRANETWIOFN (PPP) , ASERNGDPRILLLFANE, THEIME
RIS BREFIBRKER,

(2) EHERAREFRIEEMIAMSIERITENRUE. BEFERRHIRASLARIRIRR
ALCECRE AR,

(3) IRKFEMRERIRTE R IRFT AT T B,

(4) ERamsey FFERIEM £, AT IE KA ER NI (Growth-Corrected
Discounting).

DICE-2016R i1E5E5HAISCC

Table 1. Global SCC by different assumptions

F®14H 7T & F DICE-

Scenario Assumption 2015 2020 2025 2030 2050 . —pas LA
Base parameters 201 6 er_%ﬁgz:l;'lﬁilx’_‘h
e B BB OE B #2010 52 AT
ptimal controls B B ; p g S 4=
2.5 degree maximum 11_1) ] E’\J Sccc IEIJ{TIEK%'I\%E
Maximum® 184.4 229.1 284.1 351.0 1,006.2 = H
Max for 100 y* 106.7 133.1 165.1 203.7 543.3 iﬁ' —F ( Basel Iné ) ;201 5
TSR B Uncalibrated® 197.4 266.5 3246 376.2 629.2 ﬂEEI\JSCCZEE31 Z%E y #
ncalibrate o B X R B YV — A P
Alternative discount rates* L/Lﬂfﬁ3 % E’\J ggig 'Lt (g
2.5% 1285 1400 1520  164.6 235.7 o J< 4, MEFN =2
3% 791 873 959 1049 1566 :'FiE\' -le’LI ERREIE) °
4% 36.3 409 4538 51.1 81.7 %1 @én Hj?ZSf%EEfE;E
5% 19.7 226 25.7 29.1 49.2 o lSE 4= = 27
: e SHEE FARARE I
The SCC is measured in 2010 international US dollars.
*Calculation along the reference path with current policy. —FH’\JSCCO

"Calculation along the optimized emissions path.

Table 2. Regional SCC
SCC 2015, $4CO,, RICE 2010, FUND 2013, PAGE 2011, This study,

Region 2010 $ % global % global % global % global
S a7 12 24 4 i FERIEM LAWY
2 3 na 5 SCCERRZFAZ B
Russia 0.91 1 10 na 3
. ==
Eurasia 1.56 1 na na 5 ﬁﬁo {545735:%\59% ] EE
. 4 >
China se1 1o 8 n 2 FHEBIh{ERT T RE R
Mfiddle East 2.16 10 na na 7 2B HRY SEEE AN
Africa 1.03 1 6 26 3 £y Z2M v S
Latin America 1.87 7 na 1" 6 iEEErl—%:%I*:Figiﬂj '
Other high income 1.00 4 na na 3 ]ZEE’\J SCC ﬁtt'_if"'ﬂj |J_-_|
Other 2.50 12 [28] [16] 8 = =
Glosal 31.21 100 100 100 100 I:b'%g$ﬁ9€° ??HH?E
This tlable distribute§ the global SCC from Table_‘l by region: The first and last columns as‘sume‘that the SCCis \'_i%ﬂﬂ IAM S *Egé E’\J %%
proportional to the discounted value of output in each region over the 2020-2050 period, discounted at a L#?T? ttiﬁo

discount rate of 5% per year. na, not available in the source document; tCO,, metric tons of CO,. Brackets
around estimates are total of omitted regions.
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Table 4. Accounting for changes in SCC from DICE-2013R

Version Model SCC (2015), 2010 §  Change, %  =4FFE T DICE-
2016RLEDICE-

1 Dice-2016 31.23 2013REEHTFSH

2 1 + old damages 35.63 14 SCCRER, =&

3 2 + old population 33.36 =6 ML, AO

4 3 + old temp sensitivity 30.58 -8 N, SiRgURkit.

5 4 + old economics 21.25 -31 R e HAERR

6 5 + old carbon cycle 16.01 =25 BEHRHT T ok,

7 DICE-2013R 17.03 6

M. HEFIEH

A EEF R SR

BrtamA (SCC) RRENBIRNEERIRICHKIE, AJLANFERRZ AR
Hith SHEBIERBERI DA ERMEIEICIES. BRISCCEEH—LEZRABUT
EBIRTBORIHE, flan, EERESEATNE, B¥XE 11 NBUFWERNERMIZ 7
BRI JERFE TR (Interagency Working Group) XIIRHFBEFISMARITIFG, FF
2 aIF20105F02013F & 7 A RNERERIS M AV S ATEEL. 1ZiE 20 AT
EFHESRAE RIBER, HINIMRB S RIBIHRISIENNahERESIAHER
#fE (CAFE) . Portland7KiiT Sl =SiSFAAIREIZTT. KB RIHN
HEIRER. RIBSTZ[STIANGRE. BT EREFIRRNES, RE
B RRREBRHIESHEPEERSCCHER, BEETENE, BARENRESY
| JEBEREFSCC, AEAZFNEK, (BRRASCCRIESERBRERX, BEIRS
NEETARSEERISCCHTEE, MAR— I EAREF. A, FRVBUFER]
(ERRRISCCRYEBA—R., KE BrifEraRRmiRHE R fra b - e T FAFRiRAFE
A, MSCCEBRREMARmAITHFASEE. KT SCCEREBERITAPRIE
FH, 1B5&%Watkiss and Hope(2011), Watkiss P. and Hope C. (2011) Using the
social cost of carbon in regulatory deliberation. WIREs Climate Change, vol 2.,
886-901.

RN

William D. Nordhaus2EPE@AFLFFRIMEFIRRINEERIR, WiIRFT
2018FHRIN/REFRFR, LIFE M "IBSETUEMEHKEIENE 2" /F
HERHEEL. 5L, SIRZHWETBEAREFRARE, NordhausfE201H4270
FRIFBRIEFZMGEETEERE (|AM) B9HARE, SETHEFFER—TEES
JER, HARN "R . HFI20065F, HELZFFRNicholas SternFiF&Th
{The Economics of Climate Change: The Stern Review) f§HSIEZYENTEEK
BB, NRBENIEIARBUTERESIZRZWETE, EITFMELY), SR
AT BES LS R BKIER5%-20%RIGDPIRA, " HFBIRE" B SNt 2 T
HEXNSIR AR Z2RE, SRR EFZ RSB AR IS0 S,
HBENEEBEARHS |FBE—1N2=: William D. Nordhaus, NordhaustBEAFF
SIMERARBE N "SIEZHEFFEZR" . IEEEHIDICEFRICERE SRR D5
WFNordhausikZFERE19945Sciencef11996FAmerican Economic Review_ERISZ
2. XTNordhaustUZEARFAR SIELZWEFZRIARDE, BSERER. =
2. HiR%E: (BERAEEHSSEZTUEFE BEENREFFEREEEZA
BAUENZS) . (ERFFENS) 20115655441,

A D
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BB G TGRSR AR EEZEIXE, BEDERSSN., H
FEFESZFRRNE: (1) WHRPLME,;, BFSIERTAHEMEBRISATE, W=
ISR SNEREREATM, "HEFRIRE" BHNEICRAREE KBTI AEN
AT A RS BRI P R SRR, Nordhaus X "HpSBEURE" bR aNIISRAYELE,
—E5|& 7T Stern vs NordhausfUZEAKITIE, (2) REREBAHLT, BFRETHIE
BRI MATEEERA, SHMAYERIIBIEES, IWHREREAGITHHEEREE, BE=
Fi, (3) [IRTUHNARENY,; REIENSHSETHE—EIAIZIE, IAMs—RER
KABETRHSIFER, T—ERRE LRI TRIZBoIAFENE, N mERAITEEM.
EARFIAMSHAEE—ENRENFE, EETRETRPESME, RBSEm@ (Ha0
AHEM) HSCELUESR. BrifYREEMEETEAARBEREAREIRIEEFHIRE,
ReT8eRIEF BRI AT SR 14,

h. RXIHE

The social cost of carbon (SCC) is a central concept for understanding and
implementing climate change policies. This term represents the economic
cost caused by an additional ton of carbon dioxide emissions or its
equivalent. The present study presents updated estimates based on a
revised DICE model (Dynamic Integrated model of Climate and the
Economy). The study estimates that the SCC is $31 per ton of CO2 in
2010 USS$ for the current period (2015). For the central case, the real SCC
grows at 3% per year over the period to 2050. The paper also compares
the estimates with those from other sources.
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The challenge of feeding the world while
conserving half the planet

Zia Mehrabi'**, Erle C. Ellis®>* and Navin Ramankutty 2

2010FHEAAZME, (EMSHURN) AL KB HESWEL T (2011-
2020 SEMEEIEITRIY | BRI T 20N FRHE ONEMSHEEERIPBR (BEER
7 "EMB ) . BEE2020FRMEEE, AMIRIISSH "ENER KIBAT R, Al
RIPALERER 7 —NEPOZIZIRNT) . SHERREN—RITERGEBR, T,  "FAHEK"
HWEET RS ERALNEE, ~E—RISHREIRE. KERAA. £MSHEHR
K. AXERMBUSFAXARE, X "FMEEK" HHIE TR, 22XIHRRE.

ZXMNEIK, Bz, ESRE3MREX "ENIK" HEAEmOT, AEEa5E8
T2MMRIPERRES: —FhR "EBEASEN” B (RPiER. ARSEERIE RE 58
RISTMATINF) [ B—FR "HESW K (RERENIHALL 5%k {(HEF,
B 'A% SBEANFELLIRE: AIIRTES FRMAE RILAIRSREENS
T4~ |YRE NDRE) | XERFHESRE: (1) SRR, (2) oy
JOEMGINIERS., QEHFRMNFEEREYREE. (4) RIPXEL  (5) St
REXE, (6) £EXEGAR, (7) ExiaR, UKk (8) BEEAER, FiIxhX84)
RS ITHEM. EETRFEE 8.4 KX A RANERISVISFTURR NS, 12X
PR T EABRIPRIESARRET "MK HHRIAT8Es RaIRIHERAK.

=. EREE

DHTERFRE,  "FMBEK" ISR EF=Z(E
GFEEHEEFEKXER, NRPEieil/s=a R ERER
B—EAMIER: BT "FNMEE N EARTE R
JoEg/ N (2FK 1 vs. EZR 182 vs. £8XIE 775) , Flig
NGNS EMBE, fln, RESKRE LT, "4
BASEW" S AELE~12%055 ., ~21%H9E
F. ~10%EEBYHRE (ERFIEYREE) UK
~TM%EYHE, EESKXIERERNIT, WHENIRSE
SB~3T%HUH. ~4A5%MER. ~25%HIFRYIHRE
AR ~29%EYRE, s, XA "HE=EEN" A
SRR, B0, EESKERERT "F0 MM
B1: £ “ATER" HLEERT BK" iR, ASEBFIBERURAE ~15%098HE. ~10%0[Y9
FIBHFRIR: Mehrabietal 2018)]  &jm  ~23%HIIFAYIRELR ~ 3% EIRE,
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BEE—ENE, "HE=SW" ARERBEEM "FMEK" IS ARKATE
KRZEFIE, AT, TICEXA "dEAEN A2 "H=EEM" AL, FSHXN
BHIGEYIAERE, HUREBNRREHAEE. R "FMEEK" THRIAIHRIT=IE
BTR AERRE, WRitHESEEBEASTENRYAEIRKAE — FIED B
LZ;AE;}JZ};T& mA, BRE "£ERE" BT/, IENSIMEEEX EEEInEYR
=R RATHE K.

EFIEH
TIHEF=LE A AR

SChE “HHEK" RIFTHR, B RIRE TSR MKIENERADNESE
IRERRAKTE, 1Hx "MK XN RYMRERENTE: (1) NERIES
NIERSETRE, LMA5-70%RFEIBK (2) SERHNEPIIRYIRERD ~24%
#g 3) AXKIRREGISHITEXNRE (ZE36%RATERNRIFIRBREERHEARE
%) .

RN

ZXBTF “KBEIER, VUHIRIE" RIRFBHRFIEN. HRIPENSHEE, R
IPATIRET "SRER—FARGEER" NRHEBR. XEIASHESTEERF
AUSZIN? 1ZSGBISHEEE, MEMDIMER DB, RIPXE. EMSHIERERE.
RIFRIRESSNBEIES, NEENFRR T ERNRRESTERIFEEGES

AR GRIFITEIvs. AREYIREKIHFT NS HISEE. XERIEABE TR

BEEREEREG, AKERYEr. RB. BRI EREENESOIIME.
Nature-only landscapes Shared landscapes

Total crop

|o§:l;:<§l)

10*

10°

10*

10*

“" \ ; v,o. 0
iy l{ s &
4/ T

E2: FRE “EMEKT BETH-RIBRIRK[SRE: Mehrabi et al (2018)]

M. REXHEE

Amid widespread concerns about biodiversity loss, a single clear conservation
message is engaging leading conservationists: the proposal to give half the
surface of the Earth back to nature. Depending on the landscape conservation
strategy, we find that, globally, 15-31% of cropland, 10-45% of pasture land,
23-25% of non-food calories and 3-29% of food calories from crops could be
lost if half of Earth’s terrestrial ecoregions were given back to nature.
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Direct hydrodeoxygenation of raw woody biomass
into liquid alkanes

Qineng Xia*, Zongjia Chen'*, Yi Shao', Xueqing Gong‘, Haifeng Wang], Xiaohui Liu', Stewart F. Parker?,
Xue Han34, Sihai Yang4 & Yangin Wang1

wamE (&, al, XAS) BEFEREELKEREARTRIEESIER. (ta
BERR DA EasIERIRN, S, &5F, BANARELHRETRIRER. BE
HaMELIEEERIEEN, BYEZRRBRFAMUERERIRAMNAZ=AH, ERIRE
ROSEF-Ek, ATREEYMRENEREEZAMRMEZIRE.

NERALEREARREMRNEERD, BHAUER, FAERFARERAR. BFAK
FREFAEREYRAIERIE R ESMUFEALRIIE, WARBRFEREFRIAREBIREEAE
BRADAR— PN EARIHkE. kB SHEMTRFERE T AP A T —HFA
ZBE8EPt / NbOPOMBEWKIERENER (GAck) PREMAERNSREMARSHE
A5k, EREFEREIA28.1wt%,

=. FBEERE

NERWFEFIRSINEEPt / NbOPO MENFISFEMAREMREREANR (k)
PEEELRINRE, BPERAMPRIAMER, FHERIIARFEO B NCKH.
Pkl R Cle, Z LIFEIRSCI 7 R —ENRIRENZ G PRRAREYR (285
) BRI

FEENE, (FEBIXRSIERIUEAR XM R ERIEEARENE, IR
(AR PRI &S (INS/ DFT) HAREICEMIEREIE], BRREE(RIESR
ARAEACRIE D FAE. ERNbO B2 TREMRIER, ERRMECALRIEHXIER,
IR E/sEF AT EARRC-ORAMER, (ERNMARMNFMH THT, XEERXINDO,
i C- ORI F R TSCIRAERIC I AR,
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Q) [Taic 3: b k=37 { v

RENTEHAREEEET RS RIEBEIN, AREHFREFIRAHER S ER
Zib, BYEEARFENREEERG. FIBaIALL, YRGS E R SRESSERRT
X—Pktk: (i) BARRAERTNES MBS BOEFIARE, ARHITEYSEE

(ZKfE) 1B, (i) KRAEZAIFCELEL=EHRFM B (upgradeable)
ARENR, REEIRRERIEEFEIIEIEN, HERSNAERSSRSSE
HRLNH—EFIE. BARET KBS EE A ARRAERIZERIARE BB RIS
%, BEEBEESLBNBEIEERLE. ZNERY T —MTENARAHLERHITH

POB. BEEEEUARENRNGZ, AEERREBENIH—SRET NEDE,

F SIMERIAT AR RFERE RIS A 2 R IRV R KR TR0,
XFFTEHEN TS ET LU D REBIRF LN B SRR, BEREEMS.

RITEEX

f£Pt / NbOPO, BRI TRIARIAR (BEFEAMNAK) NERINSMRALR
o, FrEAMERSCIL 7T 20wt % AU E R, EPMHAARMIIRSER
Brrg)28.1wt%, FARENETR/LFORERKIN—F, ARBRAREY
RIS ERIC RETRIRFIA50Wwt %, REFEIXE 28.1% 27~ 7 REAFI A
=, RTC -Colmigr=mot, ZBERIMT "SARFN" EFERCR, XER
BARN RIS, MERRKTHARZIIOBERARE, RIBZECTIE
BILFAERE. XTPEHI—SBREAAFENEMEENREARENRNSE, BE
BENTRAIEFTHE, 1ZRRNTIARNbEMEAIMRS(ER, R TEDRR
HiTEMIENREINSHIEEYLSIH, EYUME. EMSRHEEEEEIIEN.

[R3HE

Being the only sustainable source of organic carbon, biomass is playing an
ever-increasingly important role in our energy landscape. The conversion of
renewable lignocellulosic biomass into liquid fuels is particularly attractive but
extremely challenging due to the inertness and complexity of lignocellulose.
Here we describe the direct hydrodeoxygenation of raw woods into liquid
alkanes with mass yields up to 28.1 wth over a multifunctional Pt/NbOPO4
catalyst in cyclohexane. The superior performance of this catalyst allows
simultaneous conversion of cellulose, hemicellulose and, more significantly,
lignin fractions in the wood sawdust into hexane, pentane and
alkylcyclohexanes, respectively. Investigation on the molecular mechanism
reveals that a synergistic effect between Pt, NbOx species and acidic sites
promotes this highly efficient hydrodeoxygenation of bulk lignocellulose. No
chemical pretreatment of the raw woody biomass or separation is required for
this one-pot process, which opens a general and energy-efficient route for
converting raw lignocellulose into valuable alkanes.

» LCC NEWSLETTER «



RREH | o4

LSRR KX SHRNDIRDEIRAFNEZRIESE
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2018 12H29H, Lt
BRIBAF SHENNRNE
PRABISER SRESRIMNES
NEE LS BAFET,
SENNBOBRATESZKE
NB¢, HESERR SR FAIRATE]
RERRIPICEEE, L
RADBIRA SRS HAREIE.
Eokik, TR, SEEnEE
HRENSHEELIYI.

LFERRBAFRIK. RERIBICHAERREL, BIRIKER, ARERBKEIE,
RIERARERARRRREE, IWMSHNIEZR. MHRRNZETESR. L8
RBAFPREFMERERARANS. BITHEELONI. ELNABEREER.

MESKARAREEHEY, MR HEPESARSETEMEIER, 55
KAUAREES, EFWRIR, HREED. TIEFRBRERSF LTRSS
V&, EFEHIS025ERMIAERT, STEAT ENGFaIR, MNo/E%ERY
BIFBEEFHRFTRE. FEFER. BLEHEH.

BEERREPEY, DEBRBAFRE—FT "Gatt. ARE. Eirt’ (ER—
. BB AE, YUTKEIRIEERMITIEIEER, ERASIE. AZEFR. AT
SIHSHEFRMIRGE, EIREFFHERESHHIWE,

SENET LETBAFRIE. DEENE T HENDEENR.

MERFNENE AR EE RS IFERIMY. RIEMY, STKESRATM
RRREHRA, IBERAR, #iel, sTIZ2RK. FeeRINRSE. HaeHiESot
ARG, BRE T RERLGHT KR Z AR ARIRR S EUFNA, (RHNGRHY
PRERATELALANHET N A, HESREN IR BIRA TS LBSRIBEAFIR. "HEEH IR
MEE"  REBEXTURFFRINFE, SEHEENDF~REAST A SRR
EREMFFE., FBREMSLERTINESR, BRI EBRBEAFARE, ARERT
FGEMBATEFLS . LB IR,

BEX—THEEONARSN T EBEESMHERERTHRE. HMET
EHEHERTRE.
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38318, =Mk - LiERRARKINRER SR P ORKINKERINT ST ART
RXBF. EWRDES KPR, DERERTR, BSEIDEEENR, ERAMSH
XEB. PRARME. HIEEEBMADRTFEBFERNS, LEXARK. ZEBICHK
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Climate Policy Strong Carbon Tax Support

Forty-four percent support a policy to reduce greenhouse gas
Willingness to Pay a Modest Fee emissions by taxing the use of carbon-based fuels based on how
to Combat Climate Change much they contribute to climate change. That support is generally
higher once told how the funds would be used.

% that would support a carbon tax when used for...
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° 59% W 24%
o DEVELOP AND
FUND R&D FOR EXPAND PUBLIC
RESTORE FORESTS, RENEWABLE TRANSPORTATION
% who would support a monthly fee of at least... e A NDE DT LR HEWRE
When asked whether they would support a monthly fee on their NATURAL PROGRAMS

electricity bill to combat climate change, 16 percent are willing to FEATURES

pay at least $100 per month. Twenty-three percent indicate they 0, 34%
are willing to pay at least $40 per month. Party identification 4 9 /o Al
and acceptance of climate change are the main correlates of PRONIDETAY 45% Py
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geographic location. Democrats are consistently willing to pay FEDERAL
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FOR A LOW CARBON FUTURE
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