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HLRE 188 5 A S 0 o 3 35 00 = B LU LA I R0 P i . oA P8 g A I T AROR AL %5, O b i 3
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B T ANERARMEIRBEE DN A

PRI A, MRS — B 2 T A, (HIC ANUE A AR R & N AR IR A | 32
FIEMRICUEI R, /N Xk, K RE SR I & F R IEAE BTV, s ZR AR Bt & (s —
A ). M T ARMAEIRIC I MR 2 (B 5 (MRORA . B RRARSE ). QR K BEAT
XU, —REILHRRER AW, TCHAEZGRIEHX K TR AR, RIRIRD EILAHES
EiESN, TR AR, DURT S 2 AR IR)/NE C 2 BWTE %, DL B3R AT IR 2257 R B K
PR BEIRE R, K2 B0 8] 70 R AN eI L b BE T 1 20K, A I o R RS2 R A
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X B e M XA 3t X SR B OB PR I, s i A S A ARETRRAT . BOA
AR I R B R L Kb TR R LU A SRR R I S ROR
ARG,

EANERREBRAR

BSR RINTEANEH CHES

SR R#FTENETF WHLRENS e 4 B KAT, LAeR#TiE W, JFi& A WUrEH R4
(AFCS) REWS ¢ A AL (36 BDESRE WAT. AT AR, H5hl RmAR X, AN HCEHERIA R X . )
HMEG B EE N B RS WATIE A SR B Bk

B EARSH
A5 SR20 SR30 SR100 SR200
— 1, 26cc ¥R 2 PPAESIEE [V, S8, ERS A HLEE | 121cc 8.7 HP 75 3 2 v 2
2, 75W K HEHLIRE] ( HHIERF) 5|5
KEAE
1. WS ATER WAAS FERT ; 2. GlEEER ©IT; 3. %4/ Fahismiieit
4, FT 802.11 KB RS, 5. FsERds CEREET) 6. 1 B4 M ¥
N AT (kg) 45 5 7 20
1, SEEEHIRE . XPEEFHUNA B RS 1 S LR 4. B, R H k4%
R P P AT Fig A o 308 T o R e AT F i 4 ) 5 38 R R A EL PR R B L
A 2, BRI BT R) AT R AR T — R AV AR R E . (AbR, B, R,
* JERI LA 2SR .
3, /AR IRIEXEEFNRL —MEEN T REE TSRS — i EHl. X446
AL — AN N Bk 38 0 1 LN R S .
K (m) 1.22 1.638 1.47 2.79
& (m) 0.38 0.355 0.51 0.76
& (m) 0.56 0.622 0.685 0.86
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FJE R HAZE (m) 1.75 1.981 2.01 3
PR EAZ (m) 0.255 0.337 0.36 0.7
% (kg) 7.5 7 16 25
MRl 2 & (L) 8 1k 16 AH 1~15L 2~4 2~31
Gl - 1300W LA R | 21cc iKih 2 W25 % FIR 23cc B 3.4kW L | 21ce VR 2 MR 5| %
RER/ IR N/A N/A 150W, 12V E & it N/A
e 122 mpm 400 fpm
R AT 50 kph 31 mph 80 kph 50 mph 50 kph 31 mph 80 kph 50 mph
TE T 802.11, 800 K
ARG 72MHz,730 m 2.4 GHz,500 m 72MHz,730 m
AT g 12~24 min il 1.25h, K 1.5h Qiﬁifgé) (éﬁ%%ﬁ%)

W =i E[E

B ADC &3l Z it aa 4l

ADC ZGIEHRS H AL T 388 0] WG B 520nm 23T 2145 B 950nm [ EME, 43 Bt Hh Al 4
AT 2 0 S 5 AR AT, AT S 5 B P T 550 Y 22 R e F 4, il NDVIE (O — LR O
SAVI (LI IEAEEARED 1PV F1 NIR/Green FLZR 4G44I (3 (R0 b T AEL 45 HEAT 20 AT

| PadtEI=¥

& 3 HRE AU B G RS B

& BAERIE ) R

& 4L, SARLAMNEE (TM2. TM3 F1 TM4) 24 7 NDVI. SAVI. j&)Z 4 %1 NIR/Green bt
BRI TR ENE R

& SRR A GPS HIOL s
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& AT S s

@ 1% SensorLink 34 27~ GPS ALbr Pl ik 4
& AR UER CF RA7 Ml £ d s

& it %95 K 1 PixelWrench2 {5 2 5 0044

W B RS :
S ADC ADC Air ADC Lite ADC Micro
BRI 73 FRRX HA ML TEAHL
Bk 320 Jifg 3 CMOS HI5ik (2048X1536 %)
BB S, LREZAMEE (TM2. TM3 il TM4)
B g A7 ks X 10 67 DCM T8t 8 i RAW #1 10 7 RAW #%3
5 CNC #hfil4h52
Bk Pt 8.5mm Bisk (Jik 4.5~10 = KABERL) 8. 43mm
PR rE 8 17 AA Hiith 7
ShER AL 9~12V DC
/0 #H FH T3 R 4 2 BRI 2 55 B
I I A A 5K IR 4 3MB
R 5 3 HIREE A 2~5 B
LPNE AN 9~12V DC HiJ§#% 1. NMEA GPS #11 . AMER]
et LCD 5 NTSC/PAL NTSC/PAL
oo =4 USB 1.1 USB 2.0
Rt 12?;;7{; ;;r;lm 132;;2;;;9?“ 114X 77X 60.5mm 75X 59X 33mn
G 532‘(‘)0% ( @E% ) 630g (AN L) 200g 90g
PR S FRE 1/4-20 =A% N, LT8LT TR [ e L
i RAE FMic 2GB CF {76+ 8G SD f7fi# R
it EE
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H Mini MCA &3l & 5¢i% R 1L

Mini MCA R =i & 26k SR CR H 248 RS miE wit, BAERER. ABUNIRES, B4
P KRB AT AR B 10 17 SXGA (1.3 JKIRF) 1%, e 130 AR EIG  HER AT LUk H) 1 K.
AR RS T8 AR L RIS / JE A, e AR Rk e FHLRA USB MR, dEER
YEFRHE CF 774 RAEE A . PixelWrech2 34 it 4> 1 AR MLAZ 6 A1 G B D RE . JEGIRBL]
DUIZHE A P Bk g AT e il vt . Al SN B AT & NMEA AR 1) GPS #0hl. H P @it B & [FP
ATRASEZEL 12, 18 A1 24y Bl s (1) E1% .

& 13 RGBEEME, AN I 2 P

& SR AT IR R GPS UL

& P s HE s

¢ 1% SensorLink 34 %7~ GPS ALbrFl ik 4
& {FRFRHER CF KA 5

& it %9 KR PixelWrench2 4% 2 55 8044

W BRAAE -
ichs) MINI MCA4 MINI MCA6 MINI MCA12
A 4 6 12
L as FANEIE SXGA (1280X1024) 1.3 JkiE K COMS 1L/ #%
Fe U AN EE bR 25 2K
A7 CF &, 8firsk 10 i RAW #4 3
R D USB 1.1
/O £ FH T e 4 i RIS AR A
R BRRRSN R
KGEAE 5k 49 IMB
VA8 A 3 3 3~5 B
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ik, 9~14VDC @ 1A
IhER 4w 5.4w ow
GPS #1 RS232 (54 NMEA FrfEff) GPS #20HL)
it SR NTSC 2% PAL #RATFH T B 538 e s i
RF 131.4X78.3X 87.6 mm 154.4X78.3X 87.6 mm
i 600g 700g 1300g
B MINI-MCA 3 BIFREC K 25
S| SRR b 828 %
Wi ff 490nm: Landsat 5 TM B 1, i3 BUROE ] SR KRS E I IniE i, R RIX i pi R 2
TR A ARZ, WIRMARE . % BUR WSO NN 1 S i i NG e . %3 B
THEDIIH SR 2B, REL, R, FEE DR E S U S . 1% Bt R SRS A s
R, [FIN AR AR BRI T .
2%t 550nm: Landsat 5 TM 3B 2, i3 BOW K SR BEARAGBIUR, 7R 7T WO, 1200 BB o ik
S50FS10-25 AR LT R (1) [ 5 IE RS e KR AERE G S o 2R, 1% Bl R BT iR I “ 41104 green
hump” , T RHENIM-4% 38 S &,
2151 680nm: Landsat 5 TM ¥ B 3, Z ik B nl H T IH— i #4520 (NDVD , NDVI=(TM4-TM3)/
(TM4+TM3). # ENVI K EUZ /- B 51 FEPIRTZ06 (600-700nm) (1 S-S5 A8 1 A= ) 8
Mini iEe s | (TR D « B3y s, FREWIA, B&, BEAEAPE SRR E B2 R K R
MCA4 VEE: AL P H 660FS10-25 KEUL 680FS10-25, i+ 660nm (W IH %, 660nm +& H 4% 5
W B R A ORI /N 150D« 600-700nm 2135 B 1R S-S5 R 4 1) - S R A= v, T AR e 4,
TR, R, EEEN, Fouk, WEAREPNERNA BERAHXKR.
T 21 5) 800nm: Landsat 5 TM U Bk 4, 1% BT T3 — LA #7620 (NDVD |, NDVI=(TM4-
TM3)/(TM4+TM3). # ENVI i& 2 B 15 7 A AR 51 s % ok Bt T 380 3 — 0 A8 bl 48 4k
(RDVD) ,RDVI=(R800 - R671))/(R800 + R671)1/2 , RDVI Y5 T I £ 25 6F 2156 ) e KR Wi A 5 1+
RIS J I S5 R X LA 6 R K RSB IRS Bls 2 B mT DA T 2 R 3 A i Fe 4 (MSAVD
T2 B KBRS bk /D R A TS SRR SRR s i B R Fi AR e R thE, Wi
HW AL (PSSR) , R HIH—1k (PSND) , KM AFURIES (SIPD . YKL
(EFEREE RE S S5 N 2 R AU, i AR 7E 2 b OS5 J5 SR8 N Z k4 3R ol
490FS10-25 | W, Mini-MCA4
550FS10-25 | I, Mini-MCA4
680FS10-25 |l Mini-MCA4
2030 720nm: Z Y% BCAER A G 1S S B M2 B3 E (690nm-740nm) , b3 H AR JER IR -
Mini R FXF L0 R IR SR I PR 20 B 0 2T 1R S i R A o5, Tk PR AE I 1 AR T A4 3 —
MCA6 ARV FEIER o 1ZR B A KIS =84k, B guK, R E AT G2 AR ROR
AN FEEHE
800FS20-25 | I, Mini-MCA4
JLZT A1 900nm: 1% B AR S R SRR 5 A KOTR U0 AR 4 RN 420328 21 16 VI i Bl P 119 B oK e S 0 o
900FS20-25 |[XIHEE /EMIBIAnARAE FRTEME . EH T, ZEER (“NIRJE” ) HIRM & HILEZEARN.
A Rt AR K 43 U e B
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Mini
MCAI12

490FS10-25

I Mini-MCA4

520FS10-25

206 520nm:  AESRPCBIH, % BIAEEAL AT LGB AR AL BT i R IR S IERZ AR B R K. AT
HEEHE sk BE (R HRK D -

550FS10-25

I Mini-MCA4

570FS10-25

26 570nm: % B RE AL AT WG AR T R (4 S SRS R B K. AT R TG A 1R
FIOEH 2 e 2 SOt FE 80 (PRD , B SR ELERZL G AT G X s 5 17558 » PRI AT I SeAsr 3 2K
[ZE A VR 25 N A AV S RN

671FS10-25

2196 671nm: 1% BFH T BB A —LIERE RS0 (RDVD , RDVI=(R800 - R671))/(R800 + R671)1/2
, RDVIJE T i S 38 % 20016 1R i R R WATAEL 5 P 440 6 45 A %o 0 90 D16 1R e R IR SFHEL IR R B 5 12 B
R DL F e R A A F R4 (MSAVD) , 1Z48%AT FISREUH NDVI ALK S duka vl 8
# (SARVD THE A 3G S, B R EE s/ D R4 S SRR U

680FS10-25

DL Mini-MCA4

700FS10-25

434 700nm, SfEEE AL, BB RERGELAN TR, 2001 AR S T . B
AR R K I w2 B A T M 8 SRS T A A AR . TRRZT eI F s (REP) ARG I
PYRBEANAE R AR IR o [RIAAT P AE 2R R IR SN PR 5L (CARD A R VH S 2R R 05 B

720FS10-25

I, Mini-MCA6

800FS10-25

I Mini-MCA4

840FS10-25

I 840nm: 1% JE I B 1 B KPS R 7E 845nm, T LA B 4T X B RS B Rl 2K AN AR KAB L . % B A
T “NIR shoulder” HIHIALE . W RZEAEVIRYL, M AENEHA NIR J§ (740-940nm) =
AEITER R —FER, BRUNZ XS SO 2 LT3 5010 . EREEEEHL R, NIR JB 3R B R 2 4
Mo ZU B R SHE SHEY B 2R & B k.

900FS20-25

I, Mini-MCA6

950FS40-25

JEZA 950nm: 3 BURITLLAMX (7K U O, IR Z0AMX i K/2 940nm-1040nm, F/ME H
BUAE 975nm, %3 B ] T H KR Befa £ (WBI), WBI = P900 / P970.

W =it XE

B EnsoMOSAIC E& 51 Jt A #1:iE 2 E 4R 2 1B 2R 4

EnsoMOSAIC & [TEFXF o AWURZ B A RN, BIREN, A SEZ, B K AR
J7 TR A, i XK, s B2 S i, SRR RN I AL 22 2k, REWS
PR A b LU RGAR B S e IOE AL IR AT S5 . SCFF B3R ADC 2 MCA R 5126155
BBt
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W X HIhRE

Output / feature EnsoMOSAIC RapidTerrain | EnsoMOSAIC 3D |Rapid Seamline| Rapid Toolbox | RapidCal

External orientation v

Orthoimages N

Color balancing
between images

Color adjustment
within image

Seamline editing N,

Sensor self-calibration N,

External sensor calibration v

DSM v (internal) N N,

MicroDSM v

DTM J

Orthomosaic v

True Orthos v (with RT or EM3D)

XYZ point cloud v N,

Point Cloud Editing N,

3D viewing J

3D digitizing into
external database

Contours J

Volumes N,

Wit 5=

RapidTerrain 8|2 L 4&HY EnsoMOSAIC 3D fi&#) DSM #& 5!
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EX R E Y

ROl—: FIAFERKERIEHA PROSPECT + DART #EG T RRHMHHALRE NEESE

fEiA: B IR T AN % MCAG6 B 6 I B 22 1 AL 5 5 i Ak
HHATIRZ B, WEEE N 500~800nm, SR NRELTEEE A 10nm, 3REGE
TRENR S HE5N 0.5m, AT DLX 0 — R ORI 2 . IF TR B, ol
AL SRR B O & R AR E, SRS N 2 A BB T Y [ 4T 2
500~600nm; F|H] PROSPECT -5 FI DART #5781 At & 4 w5 B 2e -
e JZ PR S REH S N RS TE IR, CRI(1/Rs5)-(1/Rss) 5 Fr
R N R AR SR AT (P>0.90, P<0.001) , 1H 52 56 2 45 My 2 ma e K,
ik JEIKF (1°=0.44, P<0.001) NAHICHEEAR: #7 HEEEL R /Ry 7EIT
Fro(=0.72, P<0.001) Fl5&ZKF (’=0.71, P<0.001) &, A3t
BRI

Carotenoid content estimation in a heterogeneous conifer forest using
narrow-band indices and PROSPECT + DART simulations

Abstract: The present study explored the use of narrow-band indices formulated in the visible spectral
region at leaf and canopy levels to estimate carotenoid content. The research area was a pine forest affected
by decline processes. Spectral reflectance and pigment content including chlorophylls a and b (Ca+b),
carotenoid (Cx+c)and xanthophyll cycle pigments (VAZ) were measured in needles for two consecutive
years. The study was conducted using radiative transfer modeling methods and high-resolution airborne
imagery acquired atl0 nm FWHM bandwidth. Airborne data consisted of high spatial resolution
imagery acquired with anarrow-band multispectral camera on board an unmanned aerial vehicle
(UAV). The imagery had 50 cm resolution and six spectral bands in the 500—800 nm range, enabling
the identification of pure crowns to obtainthe reflectance of individual trees. The indices evaluated were
traditional formulations and new simple ratios developed by combining bands sensitive to Cx+c absorption
in the 500—-600 nm region. The PROSPECT-5 model was coupled with the Discrete Anisotropic Radiative
Transfer (DART) model to explore the performance of Cx+c-sensitive vegetation indices at leaf and canopy
levels. The sensitivity of these indices to struc-tural effects was assessed to study the potential scaling-
up of Cx+c-related vegetation indices on heterogeneous canopies. Coefficients of determination between
Cx+c content and narrow-band vegetation indices revealed that traditional indices were highly related with
Cx+c content at leaf level (1">0.90;P<0.001 for the CRI index (1/Rs5 )—(1/Rss, ), but highly affected by
structural parameters at crown level(r™>0.44; P<0.001). A new simple-ratio vegetation index proposed in this
study (Rs;5 /Ry, ) was found to be significantly related with Cx+c content both at leaf (*>0.72; P<0.001) and
canopy levels (1*>0.71;P<0.001). Remote sensing cameras on board UAV platforms can provide very

high multispectral and hyperspectral imagery for mapping biochemical constituents in heterogeneous forest
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canopies. This study demonstrates the feasibility of mapping carotenoid content to assess the physiological

condition of forests.

(a) (d)

0.30
—=—Image tree crown
025 —+— Simulated tree crown
o 0204
o
=
<
S 0.151
>
=
[5)
& 0.10-
0.05 4
0.00 T T T T T
515 565 615 665 715 765
(e) A (nm)
0.30
—=— Image bare soil
0.254 —— Simulated bare soil
o 0.204
=
.
3 0.15-
=
&
0.10+
0.05-
0.00 T T T T T
515 565 615 665 715 765
(f) A (nm)
0.30
0.25 {4 —= Image crown shadow
—— Simulated crown shadow
o 0:20 1
Q
=}
]
3 0.15
=
o
0.10 4
0.05 1
0.00 T T T T T
515 565 615 665 715 765
A (nm)

(a) TAMZICIEEG: (o) BABEG, (o) JFUG AR R a0y
(d) BEEHE R (o) BRIGIEII:  (f) RO 76 T S 5

High-resolution multispectral image acquired from the UAV platform (a) and the PROSPECT-5+DART simulated image for the same
study site (b); zoomed-in image detail ofthe multispectral image (right) and the simulated image (left) (c); tree crown (d), bare soil (e)
and shaded crown (f) spectral reflectance extracted from the multispectral imageand the simulated scenes.
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6= FIANEATIAEIR PRI EHUTNK 53 BB 3T 7K R fa R8I0

fEI e T TRt — PP A AN [F) I DX /K SR R R 7 v R e A L3
WA A PR Z 6 AINL (Mini MCA) ARG, WA LE M SR :
bl (Bk WIBRAIRS 7 & 2R BRGSO 4R (PRD o #EBESRRIK 73 Frvirénment
DNFFEEE BN R, A0 I K R o B A 22 e, [T DT
K, MERARRZK RO RE A, WEMHER, P EER
WEAIRA (EPS) 5 PRI IR IAH G £E I, M2 KRR
MATVEFER (TSS) M ERE (TA) RATEKE SR, SHREY, ot
A 2 KPR ) EPS AT PRI B BAF ARG ((1°=0.81, r"=0.41) ;
PRI #5445 TSS/TA LLEAH & R ECH 12=0.50; PRI B [6] 7 51 #1535 TSS/
TA M2 2500 58 ©=0.72( Bk ) F1 r*=0.61 (Jhi#k); MIELZ K, TSS/TA
5P G AR 5 RBUSAR, 205108 1°=0.21 F10.25. W50 Ui B A A A6 B O SRR BUZE YAl K B R B
TR T L -

-

Detecting water stress effects on fruit quality in orchards with time-series PRI airborne imagery

Abstract: A methodology for the assessment of fruit quality in crops subjected to different irrigation regimes
is presented. High spatial resolution multispectral and thermal airborne imagery were used to monitor crown
temperature and the Photochemical Reflectance Index (PRI) over three commercial orchards comprising
peach, nectarine and orange fruit trees during 2008. Irrigation regimes included sustained and regulated
deficit irrigation strategies, leading to high variability of fruit quality at harvest. Stem water potential was
used to monitor individual tree water status on each study site. Leaf samples were collected for destructive
sampling of xanthophyll pigments to assess the relationship between the xanthophyll epoxidation state
(EPS) and PRI at leaf and airborne-canopy level. At harvest, fruit size, Total Soluble Solids (TSS) and
Titratable Acidity (TA) were measured to characterize fruit quality. A statistically significant relationship
between EPS and PRI was found at the leaf (r’=0.81) and canopy level (r’=0.41). Airborne-derived crown
PRI calculated from the imagery acquired during the fruit growth was related to the ratio of the total soluble
solids normalized by the tritatable acidity (TSS/TA), an indicator of fruit quality measured on the same
trees, yielding a coefficient of determination of r’=0.50. The relationship between the integral of PRI time-
series and TSS/TA yielded a coefficient of determination of r’=0.72(peach) and r’=0.61 (nectarines). On
the contrary, the relation between TSS/TA and the time-series of crownthermal imagery was very weak
(r’=0.21 and 0.25 respectively). These results suggest that a physiological remote sensing indicator related
to photosynthesis, such as PRI, is more appropriate for fruit quality assessment than crown temperature,
the established method of water stress detection, which is more related to crown transpiration. A radiative
transfer modelling study was conducted to assess the potential validity of this methodology for fruit
quality assessment when using medium spatial resolution imagery. The analysis shows important effects

of soil and shadows on the PRI vs EPS relationship used for fruit quality assessment if non-pure crown
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reflectance was extracted from the imagery.
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(a) The peach orchard showing four trees corresponding to four irrigation treatments: full irrigation, RDI1, RDI2 and RDI3; (b to e)
zoom on selected trees showing TSS/TA values; (f to i) zoom on selected and surrounding trees showing the integral of PRI/PAR.
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Increased plant productivity in Alaskan tundra as a result of experimental
warming of soil and permafrost

1. The response of northern tundra plant communities to warming temperatures is of critical concern
because permafrost ecosystems play a key role in global carbon (C) storage, and climate-induced ecological
shifts in the plant community will affect the transfer of carbon-dioxide between biological and atmospheric
pools.

2. This study, which focuses on the response of tundra plant growth and phenology to experimental
warming, was conducted at the Carbon in Permafrost Experimental Heating Research project, located in the
northern foothills of the Alaska Range. We used snow fences coupled with spring snow removal to increase
deep-soil temperatures and thaw depth (winter warming), and open-top chambers to increase summer air
temperatures (summer warming).

3. Winter warming increased wintertime soil temperature (540 cm) by 2.3 °C | resulting in a 10%
increase in growing season thaw depth. Summer warming significantly increased growing season air
temperature; peak temperature differences occurred near midday when summer warming plots were
approximately 1.0 ‘C warmer than ambient plots.

4. Changes in the soil environment as a result of winter warming treatment resulted in a 20% increase in
above-ground biomass and net primary productivity (ANPP), while there was no detected summer warming
effect on ecosystem-level ANPP or biomass. Both summer and winter warming extended the growing season
through earlier bud break and delayed senescence, despite equivalent snow-free days across treatments. As
with ANPP, winter warming increased canopy N mass by 20%, while there was no summer warming effect
on canopy N.

5. The warming-mediated increase in N availability, coupled with phenological shifts, may have driven
higher rates of ANPP in the winter warming plots, and the lack of ecosystem-level N and ANPP response to

summer warming suggest continued N limitation in the summer warming plots.
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6. Synthesis: These results highlight the role of soil and permafrost dynamics in regulating plant
response to climate change and provide evidence that warming may promote greater C accumulation in
tundra plant biomass. While warming temperatures are expected to enhance microbial decomposition of the
large pool of organic matter stored in tundra soils and permafrost, these respiratory losses may be offset, at

least in part, by warming-mediated increases in plant growth.
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Permafrost degradation stimulates carbon loss from experimentally warmed tundra

Abstract: A large pool of organic carbon (C) has been accumulating in the Arctic for thousands of
years because cold and waterlogged conditions have protected soil organic material from microbial
decomposition. As the climate warms this vast and frozen C pool is at risk of being thawed, decomposed,
and released to the atmosphere as greenhouse gasses. At the same time, some C losses may be offset by
warming-mediated increases in plant productivity. Plant and microbial responses to warming ultimately
determine net C exchange from ecosystems, but the timing and magnitude of these responses remain
uncertain. Here we show that experimental warming and permafrost (ground that remains below 0 °C for
two or more consecutive years) degradation led to a two-fold increase in net ecosystem C uptake during the
growing season. However, warming also enhanced winter respiration, which entirely offset growing-
season C gains. Winter C losses may be even higher in response to actual climate warming than to our
experimental manipulations, and, in that scenario, could be expected to more than double overall net C losses
from tundra to the atmosphere. Our results highlight the importance of winter processes in determining
whether tundra acts as a C source or sink, and demonstrate the potential magnitude of C release from the

permafrost zone that might be expected in a warmer climate.
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