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The Shocking Behavior of a Speedy Star

February 20, 2014 From NASA Official Site

Thered arc in this infrared image from NASA's Spitzer Space Telescope is a giant shock wave, created
by a speeding star known as Kappa Cassiopeiae.
Image Credit: NASA/JPL-Caltech

Roguish runaway stars can have a big impact on their surroundings as they plunge through
the Milky Way galaxy. Their high-speed encounters shock the galaxy, creating arcs, as seen
in this newly released image from NASA' s Spitzer Space Telescope.

In this case, the speedster star is known as Kappa Cassiopeiae, or HD 2905 to astronomers.
It is a massive, hot supergiant moving at around 2.5 million mph relative to its neighbors
(1,100 kilometers per second). But what really makes the star stand out in this image is the
surrounding, streaky red glow of material in its path. Such structures are called bow shocks,

and they can often be seen in front of the fastest, most massive stars in the galaxy.



Bow shocks form where the magnetic fields and wind of particles flowing off a star collide
with the diffuse, and usually invisible, gas and dust that fill the space between stars. How
these shocks light up tells astronomers about the conditions around the star and in space.
Slow-moving stars like our sun have bow shocks that are nearly invisible at all wavelengths
of light, but fast stars like Kappa Cassiopeiae create shocks that can be seen by Spitzer’ s
infrared detectors.

Incredibly, this shock is created about 4 light-years ahead of Kappa Cassiopeiae, showing
what a sizable impact this star has on its surroundings. (This is about the same distance that
we are from Proxima Centauri, the nearest star beyond the sun.)

The Kappa Cassiopeiae bow shock shows up as a vividly red color. The faint green features
in this image result from carbon molecules, called polycyclic aromatic hydrocarbons, in dust
clouds along the line of sight that are illuminated by starlight.

Delicate red filaments run through this infrared nebula, crossing the bow shock. Some
astronomers have suggested these filaments may be tracing out features of the magnetic
field that runs throughout our galaxy. Since magnetic fields are completely invisible
themselves, we rely on chance encounters like this to reveal a little of their structure as they
interact with the surrounding dust and gas.

Kappa Cassiopeiae is visible to the naked eye in the Cassiopeia constellation (but its bow
shock only shows up in infrared light.)

For this Spitzer image, infrared light at wavelengths of 3.6 and 4.5 microns is rendered in

blue, 8.0 microns in green, and 24 microns in red.



APHBES S D REKIRFIRF R
SR : RIS XL 25 e

g

Reduction reaction

¢ Reduction Cocatalyst
47 Oxidation Cocatalyst

=
o
o

-

~

o
1

Ovidation
reaction

Photocatalytic activity (wmol/h)
S
o

Oxidation cocatalysts

2 B 26 H HRIBEXKENIRTZFIBRE TSI KBEREA R ER R & T BiVO4 E4 SN AREE
(BT BIRAIE ( Nature Commun., 4, 1432, 2013 , Rengui Li, Fuxiang Zhang, Hongxian
Hanand Can Lietal) , f8XRTIENBYSHRIHE. FIRFSESHEARINARREZERRAS
BN | R ARSI RN ENMEH T HEARINARIZEERE L | i EARIEHRES R L
BRUALE  H—SHA T REEYCERA S BN A EHECTIRI T EIRRER | AT Sk
ERCECHITRML 7 RS, BXERITHRRERERSIMNERIFZ WA (BER SRR F N Energy
& Environmental Science ) t ( Energy Environ. Sci, 2014, DOLC3EE43304H , Rengui Li,
Hongxian Han, Fuxiang Zhang , Donge Wang and Can Li ),

ETRHI RS EAFINARREZESCERF o ERN , ATIEEARREAFIE
X BB ISR R R RS BiVO4 B9 (110 ) F1 ( 010 ) REREE L |, B¢l
SHKIEERERMERI L, HRAI : o3I RIBE—MENMECFIET , FEEHRSRI—ER
E  RESWEMECFIEREE S TSR EN A 2RI B RN EIRHIER | S EaE X
RAGEMKIRERS. X — RSSO SRR T e SRS M s RN RN PR &
Mel AR EREEURALEN H—S AT XEMEFITEA B R EEE BRI RGN

9



[RREIHUE . TSR SR SEE AR AT SR S D K IR AR TRISRER,
LS D KSR R — SRR EERFE AR S ) ZRIEN. SRR
INNEREERIER , —BEERN  BEMNHFRERER. SMXTRMAXERERRESE]
FEEF |, MRS CHEE SRR,
ZIT{FEE T EXBEARFESEAMBIRHRER 973 TIRRYEE.

LB FMYE-5-BFHES
A (HEMR : EERTHE) KREE

RRMZEFEANERSE =R | ARMNIZAERE 1933 FRS LRFTRESN L, BE  ZEH
IERBEHEXREW | ARG TRON |, RIRIX2 M MERGASEE | SN ERETIREEFAR
BrHUR. BmSRIEESLHE TSN  EEEBNNETENEKS  BhEHKE , FRENEE
RIRBEREAAT  BERA—TURINESXHIRER T 7% T AFNETEE | IMERHESXEA
FHEIM, XSRRAAIRNT—HAS , W EFARGRIKIERE , BEREFCEEREFESR | 184k
AT EIRTETE,

PAm , ZREMBERENMEA | FEBABZRERY. K8 , BRR LFLEitrIttas | AYES
gk | TR EIERREE | TiCRIKFIFRtEIRIHRAE , BREEES | K—gEeEMk &
FEREBRIMN KT : (FYIEXFESMEPERE | AnE#H, REMISNERFTmRERAR B
EftRIZEFERER , B TARBFRIZEENE | IR ICASX MEERY Kap',

BREZRES 3 Xtk  SFNZREME  YIRFRISWERR (ESEE%ER  E5AEIs |,
Rt , tAEMSRE , HTHNERE | T — MBI FRARE T O IRSNES.

Boris Podolsky #1 Nathan Rosen RZHEMBEEMETINSERRERIEIF. 1935F3 B,

10



Physics Review Z8i& LR TMIFIZEEMEERA EPRIEX. MEHREAT—MFE , 25, A
MHIAZBBN=AEEFRBFHE—DFEHE , 78 "EPREFER".

EPR R p{sE R FHIA RN B R EIAZ FEMEERERESLe HFRRIFEER. 5%
RIBFFEFBIEkiEA EPR (2 |, piEiEZ2ES 7. EPRISNFFIRE "EFHES" IS, X
MNERIAHEEEREZEESE 3 (FEXRA. ("HE" NEFEETESE EPRIEXZEARA |, 5
BiF it BB R A HREER | SF—IRIREIRY. ) EL , FELHEE—T | ([TBUES?

IEENIZACERIIFREN "EFEINE" . BISXMMIS—ERFERIIXRIINESF
MEEEISHYE  BINEELIPE D BAAMES  AERIX N EERTERY "SIIE" R ? A1
LS Z BRI ENSHIRER: BRI — MIF =AY, REENNSHIBSAT R NA LR FRIRSE |
B EHR R NENASR |, BREHERTANTH x0T "EFHES".

tean , BAIEB— IR FRIETRES. Bk BT SRIMEERE—= , 28%
HARRINRAENE ? FFERINAAIMFIRITRASE , —3R2  MYIMEZEAESR  BERMEBCS
DB, XMPER FRRES , IEFREMR MR AR  IREFEFABERAYFERA.

BB , BHMERMIIMESEHEERENER . HIMEA "HE" XNMIKE™EEE)
ZIERNERXEL. BHER  XIETET  mYEFIMET BERUE | HEED. S8R 8
REABALRIERR  XEFIMEZZEFEELERNER  FEREFE AFEEREN LB
X4 288 NERTREIAZIRMEEIRS | (EEAHRER. T2  BMNRFNE—FR I, XHE &
FHUES .

ZEEMEEF = ARBRVREBLIET | R TR MR FREREUE BRI TRENAR =R
PRFRANINIFRIENR |, AN FERREIFAAN TSR . RiZAFERMa sErIEhE , o350
"K' WA B4 INRKLF ARBLES K" RIF BRIBIRE—ER A" LMRIFRATIE

[RRZIRPR. Bl , X DRI T B FHES.

BEIEXRIMEZILE S ZREMENIERESE —RE | KakPiEH TR MES. 81T ME

11



THEEIREiE. XEeHHEE—TNoEMANerrIIiee | sE ke  E Ak, BmMIMEENE
FErEleRE o MEAEXREK | SNSRI A SRS "E" e, 7)) B IEEEE—ER A" ik, k<
IR, Bl )ER , X FMEZEARUE.

RELEFT  WOERUENFMES (A B) HAARBERL—= , MEFARRISEHS
EIRIEERE , k... RIETIEER  BINZKTR "AR" KA. AfE , ke
MM EEFERAT S BIERERIRL |, UET AT B, HRIEEFE  RERNAERN , 81MME=H
ESHEENEE TS RERRAHERY , eE—F /A EMEINE AR (tan , &% 50% ). B2 , A
AMEZHATVERS A, B £fEHRISINSEE—BHENgE T  oami | FMEZT A SZIBEH I FLHIRTE |
IHEHERE "K' e B  FATE , AME= BHiEEEREENEEES "G" . [T&

, FEBATERT |, FME= A FIFMED B ZIACRERIAFREZ , tbaliR/UGYEEE , e VEARS
WEIRRIhEEES | (515 B 8EtEAlE A EBF—ZABRIBETLREE ? PRIFEBIERITRIES (OR
RN SRETFRAIMEZ=Z (A MiXEEFA X Z2WNERMWIIERNRASITRY. TR X 7 F2,
FEE , EPR RUEE(TFHERMBLEL | RRFEANEFCRLRERZ S AERAY.

HE—R—RT | XRIRGIRIR , EEFMCHIK. BRRE. MRBREEET—2E , Bk
ERERrE, RRHBFET , ZEREMENBER T2 ZEHAY , RRIAABE— I BFMNUFRMEFERISE
EHA, XPMREGEITRRARIISEANERIRY "MUFEREEER" IATERS 3. K
RN, HORAISEEHSR , REMMNFREERAZTEEN. ERNZE , ANFER T EMIEL
RUFRE=SLE. REINREFEARN— 1 EEXEKRIRE , AREREZAA N1 | BERRZNEE
XH—K |, BIIZBLEEEBRAES | Bt , EPR FEZRRINIERATHIREZNNES | ZRER
18Ry "REFESTER” FIRR—IRRY "EFAERESLEN" AIRAXE,

S BFMAIARZRREEMELISERRY, ZREMEERSEZA T R/RAXF S AL | B
EEZEN—=1%F+ , B/RAEEH T EX , EFRINATX , BRI T OESERRE | BASEH
SHRTHRIEAE, ZREMEHARHUBREFHENSEES | IWERMNEFICRIBRHA.

12



NI EKEIRIZ05 - B8, BESR/RRERINEE—REIT(RY , AN "SFRERFRNRE
—Alm" |, 5% 2008 FXtH | ) 90 ZEHSRIAEREEEEFHFFRIGEF ISE ot
S5 IRBRANER , HI—MEAEFNERREEKICRZEAR—HISR". BRI , tbandk
M LEREIANERUENIMES  ERIVEZRT , ENZRERE ? 8BSk ? 2 IMARE 25
iRBEEE ? SREREIEAR A0 ? FARRIKAN | XELHELTE XA, FMERIEE. iF
IRBRANRERMEEZRT , IRBHAMMBRY "WIMMER" | BNHAREELFERIR !

BHELEA— M RERRIPX—R. XMEERRLRERSNEEROVRRIER  rISAE
BN TUENNANR  EXFRNENSERREN. RIEEFHFNBEROHERE , IRZE
RIREXA LIRENZBRFrEBEREIEIIRITE. RAZZEAENER Bt , BRSRHHE
ERIERERI—R (W TERTR )

13



WA

ABRRE E D REKIFRFA IR
LMY P09

ozl “BIER" AS/INE#

& : http://paper.sciencenet.cn//htmlpaper/201433125142731778.shtm

S - . - T .
Ammonia’s Aerial Transformation e, se Tne » e TR
MO

ERERHHTNRK, NE, BRIMIINEEON , RESTMBRER Tk  HhZz—HEa—~K
ZIEH S SHNRER R ERR. EETENESBENEIAS . RIS SISIMAERMN |
PRI, IXEEETRI B IRIA AN NEFTTRERGED | SRR, SXSERMOIER.
—IE DT Er  SXEEAERENIREITEIETE, UsRASIBEREERT B
FHERRESHRREE BT R EIAERIFE. —E£oiziA  XERARFOE HEERI R
SCHEE R R EFEERmINMERISENE. HREAZFE5TFZ Robert Mendelsohn 13 : "INERK

AMERKATSHLEA IR ERZEERRE , XIFETRR. " KT EERI MR RS EREET

RENNEMFXEEER , BHAFZSPREEERERI. ELHFEER  filE

14


http://paper.sciencenet.cn/htmlpaper/201433125142731778.shtm

AR, BRAERE LRAZESIR. a0 FNastyamaty) (NOx M SOx ) RERMNE
ERIVHRIRNHERR/NT 2.5 K (PM2.5 ) — X R ERANI—FHRTTRI.

2003 FFepAI—IEII b RERMMBEA RRIFIEWHIARURAR LI , SEAR TR
YIfELL  BRISHRSHAEERSZRMNTMERRZTHRRER, ASHZAFHIZ NI RS RIILK
29 C. M. Williams it : "XSARER." EftAREZBIHEEY  HIMS | EEES a8
FREATE 10~73 35T, IRBERFERSIF S Fabien Paulot #1 Daniel Jacob FF& H—Fissy | 82
RN TR AESRT ARV EFEH. ZRREEETRE. BE. NOxH SOx NZEFH
=. BREMNBASAZSSHEREER Daven Henze i 1B TFII ETTRAMER | iZ&EEHE]
HT—KE."

Paulot 71 Jacob FIFftfiIAYEELTEHZ ALLAIRIER PM2.5 kBXERMEO. FTkK,
AR AEEFNERIFEF AN SR EEE R R MR ZS A —Ed aaEER
SEEHZViHFERSRMEBICRING. ZF , KRR PM2.5 RIEXSHYIME R
THIAZZY/9 5100 , IFIRARBZERELADT CGMEREZESEHA) L. REFRXERYEERK
AEEEANE , BRHEERKX , X5T NOXKESHAORSE. BWAMS | [USFIEMRIFINE
SAEBR : BAFRRYREREAR 100 55T, SiE RS 360 {23, SittEk  EEHORM
FEIND 235 (25T,

—ELRYXEHFRRNE | BHRERSHRERREIRTIFE , BARSEERI PM2.5
R A HERINILE TS, FEIMHICHEEATFT Kathy Mathers it © "&iSRIUF A ESE
MK, " HEREFMNKERIAEFREZFFSR Nicholas Muller 8.0, (NREEMMRIKSS
FH) (EISSHLER PM2.5 ) BNTHISERE | SR AMEERRMASLIR ERTREE RS, Muller
I "ZIREH TESIHERE , AREER T ESREsTRER SR EEN.

ZIHrIALL EERES I —EBIRSHRAMEARIRERNE F ARk E A /Y SOxX
A NOx 2—FMEENEENS . ERE  ANREERIRIER B RREEMRE TS PM2.5 By

15



PR  BMEE( MU TIFS AR ATIXE, BAXEMNERBREERIKIHEAITXE. RE PM2.5
WERTE |, BARRE IR AREEZEN T B

LB ANZLH R B E RIS R ARG, BRI EIESC R thaER D XIACRFN

BIERAIRE. Williams i, EILRERMAM | ERIRESFERRIFRRE TR REEICAR |

e
AR R SH.

16



AR

Nature : SIE/IEEEEAES | H
SR : EYIE

B ERRBRETCNTERRE. REFRIIGERBREEERMERGTZT KRR/
5 [EEAIRIER MR R RIE AR E4.

BRI —MEE. EEEXEEFEMCPRIRIM R  XeERFSREME
HY DNA REXEE | BERARERREERAEE. —BERBNRANMNAEREITRRIZRE | X
MEERRMERS T . BIREMTASEERSEY 5UE ? Bald ZATEARE Nature &8 T UV
RRETERBIS—FMER | ERtBUEIERERN(EHEETS.

R ESERMARAERE , UV RESESBIMZRRINERI BRI MTS ERE. BLtal
MBERBE | XA RESNERBIRETERN. Bald REREEE TIRUARRYEE
BER/NERE , KIIXRREHTRER UV B, SR BB RIRER | (BX—HEEHARFmER

17



R IPRERIER,

R ARMERZIRIRE MRS | (REEAMIENIFEERRSIMEEZE X, H—  tIEEEINE
SEHITRINRST 25 E—REZPIERARTR. PR SR EAERB PRI —FX
#EMRE. -, SINREESEREARENETR  FFoBNEREZH. HRARKNR , £
R, PIERIARREH HMGBL AR 12 UV IIANRARARE. XMERBREATERAR
zZh , SERERIENSEMRFTCASBERRH®R. KR IEEsES HMGBL 33EA)
RS | sER B MEITBRIEREAN | [HLIE UV BRSBTS, IXLEEUENAR | RE/R L
RN T BRERITnas B AL

—RYWRINLIR R | PIERIARRE D WRIESRERR H TNF | RIS T Fr ERZpAN R eI
. ARARNI 178 BEFBEERIMBERHTON | KIERBERRIRZAIP AR
AR SEMEE R R ERE X,

FLE , FIRARIEF T UV BREERSEARTRIFERTLE. BREEMrdrEERRSEs]
BERRIERIX | B8 T REMARSNEZEREEIER | fEMAREREMREY 8.

RIIAMMSERIRE | IVEEBHAR— T RRTREARIERE XK TR SIERER
IEPIHEEMARNSENEEFA. MXEAIAANRE T I ERFTE.

18



Nature : BEIZ{EBT HIV M RB0EE RIS E
KR : Ea

HIV-1 viral spike

V3 glycan

E—IEER HIV EEARF |, REEZEERSSYEMERYRHRRIR FE B AR AT
RBRRGTF=H T — SRR |, EaTLABIEXT HIV fESia VIV2 #HTEER(ER MNTmBERT HIV 19
Ry, IR ARIAXMTURSGTRILAEREIE A —MEE HIV SEHITHAR  AXARTIETE
PrE&EE A& Nature L,

HIV Y V1V2 i@ —MRFIIIR | R4S HIV mSFEESTNRSURPRI— , XN
WERARNTFHAREFAL VIV2 SRR HIV iR EIEEXR,

HREFRXIMAREE TR ERARIBE L ( CAPRISA ) HIV ERERAFRIARE
B, XEEEEARNT LB ERRE V1V2 KIERIhFItR , 85 CAP256-VRC26 ; R
ARBEXRER 15 BE 4 FESEETAPHNMBRHF T  NTIEE ©IXLAHE s INEEE
ER , MBEARERLERH THHAED HIV A9538A7 CAP256-VRC26 .

XTHARH , AREFRR  RE HIV 2RE—ERIRE , BRFHETR CAP256-VRC26 KA

19



AT LARFIERY HIV | XEAAREFFRERER HIV VIV2 REENEREEREEM 7 —E8i |,
RNIAFX TFTRIF R A B/ HIV B9EE |, LARERER HIV iRt 7 BB,
HEZR :Developmental pathway for potent V1V2-directed HIV-neutralizing antibodies

doi:10.1038/naturel13036

PNAS : JSRESE "I%" H3RH
E  £YS

El tamano del cerebro sano

Encogida cerebro  pueren las
con la enfermedad pouronas
" de Alzheimer con enredos

'—

|. Y. placa——éﬂtw¥ p
-

Neurona sana S

Ik BTISEEE E R b ) LA — IS — M EaR IR EREE LS R4 AGEs )
RIS RER EMFERARERN—NRE | XMER SH/RIGESIREES XK. HIERSIXEPRY
AGEs LRI SRR R TR R R E 2.

SFERBRAIFRENP/RZGEEAE BRI ARERKE. T EMNRISEERSUSEZSIAIR
BKERIEABE. A UESREHIENRIIARTHE AGEs EZRSHRKATE—IC , (BRIXFEX
ARSI RARRE AR RAAY.

ATHHEER | EEARUEFRLEERBESRER. EFEFSRTTIEEFRR Helen

20



Vlassara FESIERR 7 BALLGIES TS IREKFEEER AGEs B/NSARARIRERR , MoK
XM EMRESBEIIHESRIPHET. REMADILINEERRSEER SIRT1 MSHHLER
X,

—fems  ERERETWERRF AR CERBIIARR |, SIRTL EMHAIEFEAHMTKFE,
RARIRSIR , SFAE AGEs IREIRFN/NEHELL , S AGEs (XREIRFAVNERIAIRE =K
AGEs , TIEEMIMARFARELRFHE) SIRT1 KPR,

FAE AGEs IXERFVNEHI TIARFIEHINEERS. BiEmFERITFRLUN RS R, X
B AGEs SBE—AVNENRERMHIXEZL.

ItE5h , E3S 60 Z LA ERIREEBR AR R—TRIRRIAR S , MK+ AGEs KESHIME , HIMRHHY
SIRTL /KA  FEE 9 MNBHEIREREN MIAIRRIIRS R, (FE R B IXRIRE AGEs
BIREHH SIRT1 , HERESERRENA K.

HEFFIRSZ : Proceedings of the National Academy of the Sciences of the United States of

America doi: 10.1073/pnas.1316013111

21



TR

IR LT B HEIREE /R AN ABR

¥& - http://paper.sciencenet.cn/htmlpaper/201421112332490231896.shtm

FREE MK EBEZETARY nanoFSM RAESHFORIMIXE, AAENEEREETE
[BEARREAITIRE.

TEMIEFERARK 1 B 28 HUALHRENRE | &if , AREE T AFHRSATMRHEER
FRETEIMERI—MEFRIAF/NASIE , B "B ML RS RN AR RIS’ T
SHNEE | HiEH ), BTEREEHI IR | TSR/ B ATENRRE LIEH 7 XE—
RS EREIAR “BEREN" RIRMRETEF. EXIEARERREEE (BRI FEBTD

\|

%,
.
T A RIS 10RNBERFRS “GRKEBTETRAZHL (nanoFSM ), thRiE4 o HE RS

22


http://paper.sciencenet.cn/htmlpaper/201421112332490231896.shtm

KEFERE, EEEARN— M HESARER) BV ERWARELRAERR SRREAEHE—NFX .,
FEEARSKAEM 1 518, RERAERBRD  BAENR "IEEaERY" |, atEik , XMFFX
EE" BflECR "7 Bk "X" , EIfEEREERIBERT.

£ nanoFSM | IXESPERFITRAREEIRHHE—L "BR" L, BEERESE R  XEE
R ERANBHESHEREMEN LB THE. WMIRES | LUEEIREERMERS | teaniEd
Erigs. HMEUERER. (Bt EEGRERN/NWRAZE.

IZAFVINAETE 2011 SFEmmd B MAERRITIEE | AILTEISRATSEERF. ERNRT |
i IES I ERBEESE—NOR L ASRIARENKITEL.

"ERFFA RGN |, BRIRTHEEIR A BEIEREA VR ERERITRE S EEX AR S
X2k, " ZPKITENEREITHT. MITRE KRS/ NAR R ABKTT &R , "SI
TRtz IEHEARZAEE I et Xt ”

MRIBEEZRIEZN | SEREERS ERTEARIRINEEIE | 2958 18 N RAESENI—E. BTESHIED
RIS ZAMESRRINERIRE ST ESRIN | T EHFRITT BB RAMEUGESBRIR
SRERIARR | RIRATEE 5 FAMSKRE | FRAMEREEFEIERA LERTEIEH.

M nanoFSM FRRYPERIREREMESE | EEAEENAKIRS. XTSRRI AT LU
FHARIT , E5Ft. B M BN SIRIIIKERSE. MITRE BEMKEARRE R ERER31C
BRI &8 nanoFSM FIXMFRIBIES ZFHARRMGIZ T ISERESR | BRIAN , BEE
TN REURNEERY | REE—RLUERARERZEN.

23



MtGox FIA 5 {Z3=TTtbisF M
KR - R

F

UTFBEANSERERNLSNRZFEE MtGox , BMNEESEHREURBIEHR-E , —BH=%
HO., B, MtGox KME#AElE , FIASEFRRILLIF S S a1 5 {2357,

ENB  MtGox REZRHFHHRENSEMY | aXARZ¥E  LE , mATSENEE , B
L2 BRI,

ERFRIAEIAF , MtGox =7 , ILHEERI 2 Fe—HEKXT 85 A NET  HHET
ZATIEHCHA 10 51, BEFRFHEE MtGox SEERY , B 75 B4, XERENET |, 2TiER
2T 5 {23%5T , BT T ZRIMNARTMERY 3 {2Z 55T,

BBIEHSTE MtGox BOMISEER] , XA ATERRTIR , #IZEERE . N_BHFE | tsh
RBEFRI— M BUG BEEFA | SETETRIIUS TR ZR NS | REBRENAX
— BUG &E 7 AT,

EXIDFERRT  MtGox &7 , BMECEHRIBHT(RIP  SNARBERLZEFE | LUESERES.

BHMA 3 BFFE . MtGox BERET—1MEEAE | MBS HHRERE &I,

HMEFR , MtGox RIFRL , HABMREISHIXMEMREMEEERIR L, HEtthysza¥a |t

SNEMESENERY Bitstamp , LIREMSEENRATSIFHIRZ TG | BeIeE MtGox RIDER.

24



TR el

Global Warming: Who pressed the pause button?

Mar 8th 2014 | From the print edition, The Economist
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The slowdown in rising temperatures over the past 15 years goes from being unexplained to overexplained

BETWEEN 1998 and 2013, the Earth’ s surface temperature rose at a rate of 0.04°C a decade,
far slower than the 0.18°C increase in the 1990s. Meanwhile, emissions of carbon dioxide
(which would be expected to push temperatures up) rose uninterruptedly. This pause in
warming has raised doubts in the public mind about climate change. A few sceptics say flatly
that global warming has stopped. Others argue that scientists’ understanding of the
climate is so flawed that their judgments about it cannot be accepted with any confidence.
A convincing explanation of the pause therefore matters both to a proper understanding of
the climate and to the credibility of climate science—and papers published over the past
few weeks do their best to provide one. Indeed, they do almost too good a job. If all were

correct, the pause would now be explained twice over.
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This is the opposite of what happened at first. As evidence piled up that temperatures were
not rising much, some scientists dismissed it as a blip. The temperature, they pointed out,
had fallen for much longer periods twice in the past century or so, in 1880-1910 and again
in 1945-75 (see chart), even though the general trend was up. Variability is part of the climate
system and a 15-year hiatus, they suggested, was not worth getting excited about.

An alternative way of looking at the pause’ s significance was to say that there had been a
slowdown but not a big one. Most records, including one of the best known (kept by
Britain’ s Meteorological Office), do not include measurements from the Arctic, which has
been warming faster than anywhere else in the world. Using satellite data to fill in the missing
Arctic numbers, Kevin Cowtan of the University of York, in Britain, and Robert Way of the
University of Ottawa, in Canada, put the overall rate of global warming at 0.12°C a decade
between 1998 and 2012—not far from the 1990s rate. A study by NASA puts the “Arctic
effect” over the same period somewhat lower, at 0.07°C a decade, but that is still not

negligible.

It is also worth remembering that average warming is not the only measure of climate
change. According to a study just published by Sonia Seneviratne of the Institute for
Atmospheric and Climate Science, in Zurich, the number of hot days, the number of
extremely hot days and the length of warm periods all increased during the pause (1998-

2012). A more stable average temperature hides wider extremes.

Still, attempts to explain away that stable average have not been convincing, partly because

of the conflict between flat temperatures and rising CO2 emissions, and partly because
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observed temperatures are now falling outside the range climate models predict. The
models embody the state of climate knowledge. If they are wrong, the knowledge is

probably faulty, too. Hence attempts to explain the pause.

Chilling news
In September 2013 the Intergovernmental Panel on Climate Change did so in terms of
fluctuating solar output, atmospheric pollution and volcanoes. All three, it thought, were

unusually influential.

The sun’ s power output fluctuates slightly over a cycle that lasts about 11 years. The current
cycle seems to have gone on longer than normal and may have started from a lower base,
so for the past decade less heat has been reaching Earth than usual. Pollution throws
aerosols (particles such as soot, and suspended droplets of things like sulphuric acid) into
the air, where they reflect sunlight back into space. The more there are, the greater their
cooling effect—and pollution from Chinese coal-fired power plants, in particular, has been
rising. Volcanoes do the same thing, so increased volcanic activity tends to reduce

temperatures.

Gavin Schmidt and two colleagues at NASA' s Goddard Institute quantify the effects of these
trends in Nature Geoscience. They argue that climate models underplay the delayed and
subdued solar cycle. They think the models do not fully account for the effects of pollution
(specifically, nitrate pollution and indirect effects like interactions between aerosols and

clouds). And they claim that the impact of volcanic activity since 2000 has been greater than
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previously thought. Adjusting for all this, they find that the difference between actual
temperature readings and computer-generated ones largely disappears. The implication is

that the solar cycle and aerosols explain much of the pause.

Blowing hot and cold
There is, however, another type of explanation. Much of the incoming heat is absorbed by
oceans, especially the largest, the Pacific. Several new studies link the pause with changes in

the Pacific and in the trade winds that influence the circulation of water within it.

Trade winds blow east-west at tropical latitudes. In so doing they push warm surface water
towards Asia and draw cooler, deep water to the surface in the central and eastern Pacific,
which chills the atmosphere. Water movement at the surface also speeds up a giant churn
in the ocean. This pulls some warm water downwards, sequestering heat at greater depth.
In a study published in Nature in 2013, Yu Kosaka and Shang-Ping Xie of the Scripps
Institution of Oceanography, in San Diego, argued that much of the difference between
climate models and actual temperatures could be accounted for by cooling in the eastern

Pacific.

Every few years, as Dr Kosaka and Dr Xie observe, the trade winds slacken and the warm
water in the western Pacific sloshes back to replace the cool surface layer of the central and
eastern parts of the ocean. This weather pattern is called El Nifio and it warms the whole
atmosphere. There was an exceptionally strong Nifio in 1997-98, an unusually hot year. The

opposite pattern, with cooler temperatures and stronger trade winds, is called La Nifa. The
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1997-98 Nifo was followed by a series of Nifias, explaining part of the pause.

Switches between El Nifio and La Nifia are frequent. But there is also a long-term cycle called
the Pacific Decadal Oscillation (PDO), which switches from a warm (or positive) phase to a
cool (negative) one every 20 or 30 years. The positive phase encourages more frequent,
powerful Ninos. According to Kevin Trenberth and John Fasullo of America’ s National
Centre for Atmospheric Research, the PDO was positive in 1976-98—a period of rising

temperatures—and negative in 1943-76 and since 2000, producing a series of cooling Nifas.

But that is not the end of it. Laid on top of these cyclical patterns is what looks like a one-
off increase in the strength of trade winds during the past 20 years. According to a study in
Nature Climate Change, by Matthew England of the University of New South Wales and
others, record trade winds have produced a sort of super-Nifa. On average, sea levels have
risen by about 3mm a year in the past 30 years. But those in the eastern Pacific have barely
budged, whereas those near the Philippines have risen by 20cm since the late 1990s. A wall
of warm water, in other words, is being held in place by powerful winds, with cool water
rising behind it. According to Dr England, the effect of the trade winds explains most of the

temperature pause.

If so, the pause has gone from being not explained to explained twice over—once by
aerosols and the solar cycle, and again by ocean winds and currents. These two accounts are
not contradictory. The processes at work are understood, but their relative contributions are

not.
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Nor is the answer to what is, from the human point of view, the biggest question of all,
namely what these explanations imply about how long the pause might continue. On the
face of it, if some heat is being sucked into the deep ocean, the process could simply carry
on: the ocean has a huge capacity to absorb heat as long as the pump sending it to the
bottom remains in working order. But that is not all there is to it. Gravity wants the western-
Pacific water wall to slosh back; it is held in place only by exceptionally strong trade winds.

If those winds slacken, temperatures will start to rise again.

The solar cycle is already turning. And aerosol cooling is likely to be reined in by China’ s

anti-pollution laws. Most of the circumstances that have put the planet’ s temperature rise

on “pause” look temporary. Like the Terminator, global warming will be back.
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