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Figure & | Diffuse scattering ivtensities for 5-(BIDT-TTFIEsTn (50N 5
with various external amrents applied along the c-avds direction at
AZK. The intensily i platted as a lunclios of & {along the b direc

units of the reciprocal Binice censtant. There are two diflwse coreal
&y = (200 & 1/3) and gy = (&, &, 112} correspanding i charge arder
dnmains with different patterns. Figures Sa and b show the imtensi
qz + Grand my + G, respectively, where G = (2,1, Viand Gy = {3, 1.00are
reciprascal lattice veciors chosen suitably for the messurensent conditions.

Whereas ihe qu = G: sireak has a finiie interlayer correlation. the qq + Gy

sareak daes ot

R, With irrmw'ns temperature, the n;ﬁntiwde'riwriw resistance
rapidhy fades mvay, although the nonlinar resistance surdves up ko
higher temperatures. At low temperasures, charge-ordered domains
hegin to appear, W expet the change order to be charaoterized by a
cnnstant energy gap 4, although the phase may have o long-range
airder, Then the charge transport should be of activation-type with an
activation encrgy —A.To include the giant noalinear conduction
effect, we allew A to be dependerit on L, and propose the following
phenomenolngical eopression:

Vanpe T = Benexpldy, T+ By Iy

where R and By are the resstances for the change-ordered and
cnmducting electrons, respectivedy. At low ternperatres, we can safidy
meglect By and the termperature dependence of ;. Then V000
otted e bogarthmic scale asa functionaf 1T gves 4, asshein
in Fig. 4. The data showan upward curve, which isconsstent with the
termperature dependence of the reastivity of the charge-density-wave
material K, MoC), {rell 130 This arses from a mpid grosth af the
gap dp below 20K, and the tempemtore-independent 4, —that i,
_!|.|I,c, i == Al 0 —ix onlyvalid for T =2 2K 'A\t'l'-:a.uﬂ.sdnnllx'

1o dependence of 4, 2t 4K, sowe evaluated the mlgnlhld-'nf_t..
'h\. fitting the daea ose tn 4 B with the solid lines indicated in 15 Fig. 4.
Wote that the slope, which is aqual to 4, /by, decreases with
increasing [

The value of & extracted from such analysis is plotted as 2 fanction
of 1, in the inset of Fig. 4, 4%, for L, — 0is 13K Thisvalue is close
to the temperaturs T B hefora whiich the resistivity rapidly
increases (4 signamure of the growth of the charge order], thus
validating to some extent oar evaluation of 2. It should be empha-
sized tluat A docreases roughly ey with ircneasing [, suggesting
thar the Lmnmlcu.rmn |a|:uiluw|:-pnm.~=.dudmg.nmh. An.mu'd-
ingly, negative dervative resistance can occur when the suppres@ion
of exp{ Ak T] i 20 raped that Loexp{a/k T] becomes 2 decreasing,
functiom of [,

We note the Toallemwimg (1) The regative datvalive resslance was
whmerved also i the in-plane (caxe) direcion, Thus, the veltage—
current characteristics discussed here are not an intedayer effect. {2)

MATURE| Vol 43722 September 2006

Essentially sdentical vollage—current chamctenstics were observed m
- BEDT-TTF)Can(SCN D, along the b- and c-axis directions,
wliich are therefire inberent o the Cs gt Sore samples dhined &
smilar a.c. cscillation from dc mpat. (3) The mesurements m {1}
ared {2} abowe were dome in a four-probe configuration with a pulse
current source, which indicates tlat the intrinse thyristor effects ane
free from the comtact resistance and heating effects.

Finglly, to clarify the melting of the charge order by extermal
currents, we show diffrection dara under different a|:|:liml ST
For the expernmental requirements, we used #-(BEDT-TT
Ll SCN Y with the external current applied almgﬂu'rl‘lln-rhnn
re 5 shows doe curent dependence of the diffuse scattering
intensitios ab g, = (33, Lk 13) and g, = {0, & 1/2) 21 12K, which
correspand mdiﬁun-nrrllugemhv<hm1im competing with eacls
ather™, The intendiny vwas 1O time weaker than that of the lattice
Brags :\.!'L.n.‘hcm. s we wied 2 four-arded diffmactometer {wave-
length A = 0083 nm} and synchrotron rmdiation as an X-ray source
at BLOZE1SPring-8, Japan {(details in the legend to Fig. 50 As is
dlearly shown, g, loses 115 intenzaty with inereasing carvent, while g,
remains nearky intact. The external current FUppTesses mainty tle
change ordering with the g, modulation that i responsible for e
insulating behavious™", eonsistent with the current-dependent 4
Fig, 4.
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LETTERS

Optical isotropy and iridescence in a smectic

'blue phase’

Jun Yamamota", Isa Nishiyama'. Miyoshi Inoue' & Hiroshl"foknyama]"

When liquid crystal malecules are chiral, the fwisted strucure
with spatially uniform liquid crystalline orders, result-
ing in a variety of modulated liquid crystal =uch ns the
choldesteric hlue phase', twisi grain hoanda and smectic hlue
phases®. Here we report a ligquid crystal smectic blee phase
(SmBR,,,), formed from a two-coniponent mixiure containing a
chiral monsmer and a “twin® containing two repeat units of the
first modecule comnected by a linear hypdrocarbon spacer. The
phase exhibits the simultameous presence of fnite local-onder
parameters of helioes and smectic bayers, without any discontine-
ity on a mesoscople length scale. The anomalons softendng of
elasticity die 1o a strong reduction in entropy camsed by mixing
the monomer and the twin permits the seamless coexistence off
these twn competing liguid crystal oeders. The new phose spon-
taneoisly exhibils an optically isstropic bul uniformly imdescent
colour and automatically acquires spherical symmetry, so that the
nssaciated o hamnd maintzins the same
despite Ilul*l:n:'Tilrud crystalline order. We expect ng
unnsual n'lm::l transmission properties hased on thi
dimensional isotrapic structure, and te tunahility due o
the intrinsic softmess and responsiveness of the liquid crystalline
arder against extermal fields,

We have designed a two-component misture that consists of a
chiral monomer (3BIMT) and its twin (BMHBOP-6)™, The twin
conaits of two equivalent monormer unite connected by & linear
Iq.k].w:n,aulmn spacer, & e in Fig. 1OWe termied it a cormmensu-
vane” rixmure becanse the length ofthe o sty twice that of the
praonomier. W Found et mindng the twin into. monormer i appar-
ently equivalent to the intrduction of connecting chaing between
vt moncmers, wlich frees: the motion of the monomers., There ane
Bwi comcenbiz boms—,,, and @ _—that are equivalent to the concen-
tratinns of the monomer and {RLE} enantinmer in the twin com

i, respectively,
m\‘:}* nnlj:ht six modulated phases appear in the mixture, as
showm in the phase diagram (Fig. 13, but only the isotropic liquid
{Iso} and smectic-A (5,) phases appear in 2 pure monomer. We
identified three different SmBPs—SmBPy,, SmBPy; and SmBP,..
They appear to be dimilar to the previoosly reported phases SmBF,,
SmBP; ard SmBP., respectivehy™, We also identifiod a fourth smectic
bilue phase, SmBF.. A charascteristic festure of SmBPy,, is that it
exlibits a completely unifrm colowr under & polaisng microsoope
without amy type of macresoopic partens or testure. Moresver, the
wobour does ot charge when the sample i potated in sy disection,
This presees thar SmBF,  bas a completly Botropic optical propery.
1t showuld be noted that SmB#,, an be detected only wathin a very

narrow rangy of g, from 065 10075, SmBPy, and SmBF,, can be
distimguishied deady from SmEP,, by thar dhamcteristic platelet
textures, a5 showr in F'ig, Jaand b n-qwtiwl.\r.

Thuring the conling process, SmBP., appeared beow 127 °C and
was identified by the appearance of a rm iridescent colour, as
swm in Fig. 2h The wavelength of the colour increased with a
decrease in the temperature, which is 2 unique feature independent
of both ¢, and & The platelet texture of SmBP, ; appeared below
124"C, Thiring, the reversible heating process, the platdet texture
spontaneoushy melted abowe 12470 which is the temperature at
which the uniform colour dissppeied during the cooling process,
ity the unifrmly codowred testure of SmBF, . The emperaore
dependence of the colour of SmBPF,, was identical for botl the
wooling and leativg processes, and mo bysteresis was observed,

Thus, Fig. Zh pronades pan crucial experimental resuts. Frst, 211
plises |SmBPy,, SmBPy and SmBPy ;| can be proved 1o be thermal
equilibrium phases because both phase tranations—SmEP,, 1o
Smb®,, and SmBP., to SmBP —were confirmed o be I]u.nnn-
dymarmucally reverahl ‘n.n.nmd.ﬂuw:dmpluu!un.nl"tnli?,._.
frorm an inherent feature af its inkernal stricture, and it is not n'L'\Md
tr the existence of a polyerystalline structure during, the dynamical
poscess of phase trarsition. The phase trarsition |;|nj¢'ﬂnurd1nnp"|
is quite smoath and rapid withot any fime delay during the
mucleation or crystal-growth processes,

Spectroscopy experimerits with polarized visible light revesled thar
bth the eiptical rotatory penver and transmitted light intensity of the
linearly polarized light in SmBP,.. ehibited a large wavdangth
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Figure 1| Phase diagram for the twin/monomer misture. Lzfi, the

Eralioh |l eight, the aplical purity 16,0
dependence af the bwin by Guing 6, = 0.7, The TGH and NL* phases can
wcasily e identified under 3 polarizing misrnsmme becanse af their large
optical anisstropy and characteristic patterns. The msrt shows the
molecular formulas of the pein (EMHBOP-6) and monemer (IB1M7),
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dependence, as shimen m Fg. 3a. The spectrom did not change shen
the sur||ie' wiaes potated in amy direction, wiich again confirmed the
isctropic optical E, perty: Trowms thie following resules, we can con

chude that the colour originates from the spatial distribution of a
helice, vilrichy i sirmilar 10 that of the chalesteric { Ch) phase. (1) In the
short-wavelengeh regiem, the optical rtatory poser diverges and an
extremely small amount of light s mransmitted, The short-wave-
lerggth regicm is sirilar to the pitch hand of selective reflaction, which
is commonly observed in the Ch phase, (2] The short-wavelength
out-off i independent of te sample tickness d (100pm=1 mm),
s the refloctivity increases anby with an increse in d (3) Tl
trarsmittance of cioulady polariead light s completdy dependent
o thee onpitical [ odimess of the misture.

Thus, these results confirm the existence of the hdix and it
tsotropic distibution in space. Moreover, the transmittance of
light at a greater wavdength, far from the band edge, i dose 1o
umaty even in the case of an extremdy thick sample (1 mm}, which
indicates the ahsence of any domain stracture with length scale
greater than the helix pitch. During the Xoray « xperiment, only one
hn‘khmm'nnglxal.wnlwmxl i thee small angleregiom. Thisis a
direct confirmation that all six modulated phases—twist grin
hﬂl:u\:ldT'\r (TGER), chiral line nematic (NL™L SmBPy,, SmBP,,
SInBPy ; and SmBP,,—have a finite smectic order with the-« wcepition
of the order parameter difference. As shown in Fig. 3hy the peak
intensity begins to grow cortinuously from SmBP.. to the 5, phase,
The characteristic length derived from the peak position is smonthly
ot o tlae layer repeat distance of 8, in all the other phases
Thus, wie can identify only the Lso to SmBPy, plase trasition in the
Heray vesults. Tnocontrast, all the modulated phases are dearly
distinguished by their macmscopic viscoelastie properties’, as
shawim in Fig. da_ In SmBP,,, viscoelastic relakation appears and a
frequency-dependent sl part = observed; however, the Mudity

— - —EmiEFy, - e = BMBR - oo

(. % g
i30°C  HEAEWT 11610 #e3T

Tempemiuee ()

Figure 2 | Pelasizing microscope photographs InSmBPs. a ¢, dependence
al the patterns of SmB Ty and SnafPy, by fixing the aptical purity af the
tun (i, = di. Rad bars indicate the comcentration af the mizture, The
characierisiic plaickei texiure of the SmBPy; phase was sheerved below
oy = Ot The SmB Py, teviure was shserved to be of unifarm colour fram
e, = 8875, b, Temperature dependence of the patierns during hath
the coaling and heaning precesses of the SmBPL, 1o SmBPy: phise
1u.n<ILIm| Besd hars indicaze the aciual temperaiure of the sample, A sample
0.7 and &, = 1) was inlreduced in 4 l-mes-thick quane cell. The
o-reversibile ﬁuul'"., 1o SmaB Py, phace vancition is dearly identified
ppracamaichy 1240
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rermnains constant. We note that a frequency-independent finite real
part appears in SmEP,, The static elasticity of SmBP,., is approsi
matehy ome arder smaller than the layer eompression modulus of 5,
Tl mwsst impartant and umesuz] charscteristics of SmliP,,,, are
that it sportancoushy exhibits an optically isotropic but uniformly
iridescert colour. X-ray and visco-dlastic measurements dearly
demonstrate that all SmBPs lave 2 amectic order, and the simul-
tanenis existence of the heices was confinmed from the optical
rotatory porver. Thus, v different rypes of liquid crpstalline orders
ooeniat in space with frustration in all SmBPa A universal fanre is
that spoatanenas syrimetry bresking leads to 2 gusd coystalline
arder, which vesults in the appearance of apatial macrmcopic
arigotrepy. Hiwever, the splerical gymmetry only can be restored
spomtanecusly by randomsing the regular spatial distribution of
bsths the liquid ervstalline orders on 2 larger scale m SmBP,,,,. The
texture af 5mbP,,, i% deady smooth and bomogeneous swithouat any
discomtmunty. If 2 spiten has a true sotropic spmmery, spatial
uniformity is automatically realimed without amy internal domain
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Figura 3 | Matrosenpic and micrsscapic strctural snalyais in SaPa.

&, Transmittance (npen cirdbesy and aptical rosatory praeer felosed circles) of
SmBPyg | T = 1207 7°Ch deduced frem ihe analyser angle dependence of the
spectrum of the palarized visible Fght (§ g = 0.7, d, = 15 The
ransmitiance decreases by less than 2% in the dhortwavelengih regen
bebew 430 nns whereas there s conplete wansparency ahove €00 mm. The
aiptical rutatuey pawer o diverges in the shon-wavebengh regisn, which i
aimidlar Lo the pitch band of selective reflec o the cholesteri: phase I
e edye of the pitch band continunudy shilied 1o 330mm
for the superimoled SmAPy, (T = 1202 “C), as indicated by the irian,
symhals fapen and closed symbols represent the tramsmittanee and a
rotatory pawer, respeciivelyi. b, Temperaiure dependence of the sme
order measured by X-ray scattering obtained mom a sample (g, = @44,
e = ), Onby ame scaitering peak was devected in the small-angle region
beberw 156 *C, which confiras that with the exception of the Lo phase, al the
phases have a finite local smecilc srder. The iniensivy of the scaisering peak
incresies continsauidy nsm SmBPy, b 5, o indicated by the spen cirds
The dharaceeriztic lengih is smoothly conmecied o the liyer repeat distance
of Su, as indicated by the filled cindes,
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structures. This mmplies that the spmmetry of the novel SmBPy, s
imrirsically spherical.

Tor estahilish the details of the internal structure of SmBP., ., we first
note that both the layer compression modules B and Frank dastic
comatant K, in the S, phase are minimized at approximatehy
. L7, as shewm in Fig db. At this value of $ ., the value of
i 20 times smaller, while that of K, isalmost teno orders of magnitude
snaller tlhan their values in the pure-ronomer sysem, By compar-
ing Fig. | and Fig. 4b, we observe that SmBP,. was stabilized cnby
within.a very namey concentration rge inwhich 2 drastic softening
of Band K, ecowrs, SmBPy., certainly results from the anomalous
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Figure 4 | Mechanical preperties In SmBPs. a, Tensperature dependence of
the real filled cirdes) and insginary (open cirde ) parts of the camples
mschanizal transfer function of the sample (6, = 0.7, &, = 00 21 200 Hz.
Eath the SmafiP gy and SmBIy,, phases cam be ohserved, 18 is evidend that the
fimits static ebastic part shsereed in the SmAP |, phase is one order 0f
magnitude snualer than ke bayer compression medubuc of the 8 phase, The
small value af the real part in the SmlPy, phase is due o the viscoelastic
relazation. The lnseis show a schematlc represeniation of the mobeodlar
meadels: (1) There are rwa encrgy mxinlma with respect vs the relarive

al the manoneer and twin, The position of che doved line

1 based an the entrapic arigin. The ceatee
msce, namely the centre of the ducualisn

pasition af the dostad ling correspands to the lateral intoractinn of the kecal
imiermalecular interaciion. The chemical contrast could be enhanced by the
commensurability of the system. Back position was shifted merely by half
ihe monsmer bengih, (25 A defect can be induced zasily in the layer by the
Incalizarion af the twin msoleciles B, &5, and & dependencie of the liyer
compressben modubus 8 (red drcesh and Frank elastic constant Ky (hlus
circles) i the Sy phase hur visoaclstic measirement can sisullan coudy
determine B and K| by detecting the dynamic change in B immediaiely after
Ik applicatinn of a large step-like dilative .
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soflening of the smectic layer. Uking this information, we propose a
rough sketch of the molecular model, as showm ininset (1) of Fig. 40,
There are tuan energy minima witl respect o the tive position of
thie monemerand twin First, the conere of gr fall the molecules.
musst lie on the mid-plane of the smect yer, owing, 1o the
reqquirernenit of fhectuation metion. This is completely aquivalent
o our comcept of modecalar conling of the twin molecules. Sevond,
another local energy minimam is due o the local moleoular
interactiors, Wi emphasize that the commensurahility of our mix-
ture couiled enliance the effiect of the lteval interaction, Thus, we can
asgume that & comtinuows slip of the smectic layer can casily be
generated by the localization of the mwin without decressing the
ufict core cnergy, as shown in inset 12} of Fig. 4

As i evident in the frecpe-fractune replic and frozen replica of the
free air miterface of TEM photographs of SmBF,, (s Supplemen-
tary Figs 1, 2 and 3), we found a mndom and continuous inter-
crmmected sponge-like gructure in SmBP,. The chamcerstic sae of
this structure exhibits a large dispersion around the visible light
wavelength. A maltiple siack of the smectic layers in the interaon
nected structure is alsa shown in Supplementary Figs 2 and 3 A
mrhti-lamedlar interconnected cubic structure was rcently
theoretically'; however, the proposed structure has spatial regularity
becanse it is o model of the optically cubic crystals of SmBPy, and
SmbPy. In fact, these SmBPs exhibit angle-dependent selective
reflection owing to the regular spatizl arrangement of the helices,
which appears to be identical o the double helis strschure in ChBPs,
Therefere, the kitice of te muoli-lamellar interconnected struschare
st coewist aned be Frostrated swith the latice of the double hedices.

Thus we can comsider that the frusteation indoces the melting of
e ladrice of the maulti-lamellar interconmected strschare in 2 manner
redated o the hauid erstal microemulaon™. A andom sponge-like
distribution 1 then produced, which is similar 1o the well-known
cubac-sponge phase transabon of the wnalamellar mtercommected
structure i the lpotropic system. We conclude that SmBP, = the
et |.1mdL'\rspnnp' plw. Furthermore, the SmAPy . to SmAP,,.,
transitiom can be attributed o the nevdy discovered muldt-lamedlar
cuhic-sponge phase transition. Neith ' af the liquid crystalli
arders, that is the smaectic layer ar the helix, disappear dmms these

s transitions, The multi-lamlar interoonnected units are also
maintainad in both phases, and only their spatial regularity is lost in
SmbPy,.

Therwetical caleulations of the driving force of the mudti-lamedlar
intergommectid structure'’ aorgidered only e gaussian curvature
energy without chival irteraction. Henvever, our spstem is extrermely
s tive to optical purity, W suggest that the chivality pronmotes the
generation of 4 » gassian curvature of the rultilayer owing
o the conpling betwseen the chiral interaction and laver deformation,
Annther theoretical work predicted that the bending of the layer
shiould be rduced by molecular chiralig* ', The behaviour of the B,
phase in the original banana molecules™ = amilar to that of SmBPs.
Hionwever, a chear mosaic fexture and weak birefr e are abwa
observad in the By phase under a polarizing |T|ir;rw'“\ewr‘rn[wJ 7 'IT
characteristics. eompletely eontradict the spherical symmetry of
SmBP,,,. On the other hand, the hanana and twin (dimmer)
miolecules have a similar molecular structure, As compared &0 the
hilayer membrane fonmed by the molecules with strong, steric
insconnpratibility Between the bead and tail, it i reasomable thar the
smedtic layer, which corsists of the hanana or twin molecules, shoald
prefer the saddle-splay deformatiom of the kayers, which isa common
furdamental unit for 2l SmBPs, pot anly for SmBP, .

T sumimary, we lave experimentally fownd a ne
SmbPy,, which s optically isotropic, has true spherical sypmmetry
and exhibats irdesant enbour. However, the distribution of the belix
m the mult-lamellar interconnected structure 5 still undear. 1t i
highly advamtageons that the charmctenstie length of the spdem an
e eommiptletely tned an tle vasible light wavelength by external faetors
such 25 temperature and light irmdiztion. This is because the

By
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photonic bandgap 1= formed by a seli-organteed hierarchacal srue-
ture driven by the frustration in the soft liquid crystalline order
Until nenw; such tunability has not been achieved v by using
phnre'nif erystal materizls that were fahricated well. I fact, 2 similar
imtTOpiC medium has heen desi gned by rr\nd-llmg the crmplets
randommess in palyerystalline dnrn'uns. An artibicial .I.wf_n
self-prganioed hierarchical structure st be compatible with hn‘l
tormeup ‘nanctechnalogy’ toowse the Frustration induced by impa-
rities in the liquid crystalline orders", These long-range clastic
interactions cun stabilize luge stroctues such as blelogical systems
in which short-range molecular interactions become completdy
itelevant,
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Europe-wide reduction in primary productivity
caused by the heat and drought in 2003

Fh. Ciais', M. Reichstein™ N Vln\.",l Al Gramer gl § Dgee . Allard®, M Aubinet’, N, Buchmann.
Chr. Barnhofer”, A, Carrara | F. Chevallier', M. De Nohlet A D Frlend P. Fnedlmgstem T. Grinwald®,

B.Hcincsch’, B, Keronen'' A Knnhll"”,ﬁ Krinner'® D. Loustau™, G, Manca™t, G.Maﬂcuctll
. G. Seufert'”, 1 F_ Soussana® M. 1. Snnz'” E.D. &chulze '’

J. M. Ourcival'”, D, Papale”, K. Pilegaard '® 5. Rambal'”
T. Vesala'' & R, Valentini®

[Future clirmite sarming 15 expected to enhance plant growth in
temperale ecosystems and Lo increace carbon sequestration”. But
although severe reginnal heatwaves noy become maore fregquent in
a changing dimate™, their imgact on terrestrial carbon cycling is
unclear. Here we repart measuremenis of ecosysiem carbon
dinxide fluxes, remately sensed radiation absorbed by plants,
and country-level crop yields taken during the Fu n
hﬂnﬁ.\\zmntﬂfpﬁtﬁﬂ himp‘mﬁmllhﬁnnm‘mm
continental-scale changes in primary produdivity during 213,
and their consequences fior the net carbon halance, We estinete a
30 per cent reduction in gross primary productiviey over Europe,
which resulted in a strong anonwalous net source of carbon dioxide
(0.5PgCyr ') to the atmesphere and reversed the effect of four
yeurs of net evosystem carbon sequestration”. Our results soggest
that productivity reduction i eastern and western Enrope can be
explained by ranfall defict and extrense sumner heat, respect-
rvely. We also find that ecosystem respiration decreased together
with gross primary productivity, mther than aceelerating with the
temperature rise. Model resuts, corroborated by historical
records of crop yighls, suggest that such a rediction in Europe's
primary productivity is unprecedented during the last centuery. An
inicrease in future drought events could turn temperate scosystems
initos carban sources, contributing to positive carbon-climate feed-
backs alresdy anticipated in the tropics and at high latitdes'.
Fum]w ."wru'ri.-rwﬂ a |uTrif|1L1ﬂmed imate .|nnrr|:||yth|ring
2005, with July temperatares up to 6°C d‘wwclc\-rg eI s, and
anmal precipitation deficits up to S0mmyr Y, 50% hdow the
average, The presence of an extensive m'l'\mlkr-ﬂmuunmmmn for
the romitoring of ecosystem fluses at this time, with continuous
veords of OOk, water, and energy fluses™, Delped s to assess the
et of sucl an ereme event an the continental-scale carbon
balanoe, We analysnd OO0 fluses from 14 foress sites and one
wrasslaned gite for 2002-2003 (Table 1), Flux records are gersevally
it vet long enough to provide bng-term average referenos, and
Ehwerefiore e weed 2002 a5 a reference (see Methods), Hourdy fues
of photnsynthess (gross primary productivity, GPP) and 1otal

F. Mlgllcﬂam

eosyatem respivation (TER) are separated from OO0, net flaes
{net ecnsystem exchange, NEE), using the same method for each
sabe

Caven inter-site dafferences in drought duration and intersaty, soal
characteristics, vegetation state, and species: spﬁ.’iﬁc responses o
climate vaniation, one would not expect a uniform response of
GPF to the abnormal conditions of 2003, Yet, Table | Su
plementary Fig, 51} learty shors that nearty all sites c'r[mwrrw{‘n
significant GPF reduction in 200% The GPP drop coincdes with
reduced evapotranspiration and soil drving due to the rzinfall deficit
{Supplementary Fig, 510, Generally, below o threshold of —0.4 in
relative extractzble water, water stress oocurs, causing hoth GPP
and transpivation to decrease in response o stomatal closure'™",
Particularly lage reductions in GPP were found in emperate
decidurs beech and nevilern Mediterranean foreses | Hesse, Haimich,
Twcarespampani, San Fessore], together with reductions in canepy
eonductance (in 2003, conductane reded only 15% of it 2002
value at Hemsel. These productive temperate and Mediterranean
forests were greatly affected by estreme drouglt andior heat
(g 1. Moreover, the GPP did not entirely recwer from the
summer stress during the remamnder of the growing sesen (Fag. 1),
Southern evergreen fomest sites Fl Saler (pine| and Puichabon (oak)
alsn experienced 2 reduction in GPP during the hestwave {Table 1)
Southern forest sites with an herbaceous Lyer that normally dries in
summer were less affected by the heameave and drought {Piancea ).

‘r-amwh.lmmturﬁu.n:«xp:md o insrease both microl il
plant respivation. Heavever, during the 205 summer, TER fell in
paralle with GPP at most sites { Table 1, Supplementary Fig. 511 A
reduction i both plant respiration (due to diminished substrates)
and microbial soil respiration (ala due o divughit) can explain such
paralld TER and GPP pesporses. Posaible artefacts of the method
usand b separate gross fluwes” can lagely be raled out becaus: of the
elose corrdation betwom the independent guantities TER and mid-
iy WEE, the batter dominated by GPF (Fig. 1) Overall, those forests
PP strongly decrensied also had reduced et carbon uptake

with Hewe and Tharandl even temporarily becoming et
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