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Abstract

Investigating the impact of high temperature and drought on extreme vegetation
productivity losses is crucial for a better understanding ecosystem extremes,
facilitating better adaptation to climate change and mitigating their impacts on
agricultural production and socio-economic systems. Based on five sets of Gross
Primary Productivity(GPP)datasets, we study the contribution of high temperature and
drought to extreme GPP losses in China from 1982 to 2016, from the perspective of
climatology and long-term trends. In terms of climatology, the extreme GPP losses
area-averaged in China is -15.7 gC m? yr'!. The frequency and contributions of high
temperature and drought are comparable, with drought, high temperature, and
combined high-temperature and drought events contributing 45%,41%,and 23%,
respectively, to the total GPP losses. As for the long-term trends from 1982 to 2016,
more than 55% of areas in China has experienced an increase in extreme GPP losses,
with a regional mean of -2.46 gC m? 35 yr'. The increasing frequency of
high-temperature, drought, and combined high-temperature and drought events all
contribute to this trend significantly, with drought frequency making the largest
contribution (-2.47 gC m2 35yr!), leading to an increasing trend in over half (61%) of

the regions in China. From the perspective of regional distribution, the northern and
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central China experienced the most significant and pronounced increases in extreme
GPP loss from 1982 to 2016. These areas are the hotspots affected by
high-temperature and drought. This study quantifies the contribution of the variation
in the frequency of high-temperature and drought events in China over the past few
decades to extreme GPP loss. It identified the hotspots of terrestrial ecosystems in
China where are greatly affected by increasing frequency of high-temperature and
drought, thus providing scientific support for a better adaptation and migration to

climate change, and sustainable socioeconomic development.
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T RN AR e FREERT I e AR M EHR R FE L —
(Dai 2013) , &5 bl AR 2 R Sehril - DI Re s 3 Z R MHE R (Zscheischler et
al.,2013) . TR FEE % LpEE MR, —H P RS 1R St — DR H 55
AR RGBWINThRE, B2 B REIE (Piao etal.,, 2019; FEHE, 2022) .
RERIEBETE ST, ST R AR R, 7 A AR RS R G R 4
FrAEYZ FEVEMIBE /1 (Zscheischler et al., 2014a; Fu et al., 2022; Li et al., 2023b)
i T S P 2 U A A ) A B R N RGN RE AT, MBI e, PR b A
77, BT S A KRG IKAESIREYZ 0 LAV IES (Grossiord et al., 2020;
McDowell et al., 20220 . [l WAWFFCE R T PR E bt A S Rk
RIS, ST 4ERFAERS RGUREE . RO URAA . DRI EY 2RI DL AT Rp 2 %
VR B BB L

MR 1 (Gross Primary Productivity, GPP) $i B s 1] A1 B4 A7 [ A7
SEMEYEDCEER TR R EN TSR, JUE T3 NFGHAES RS04
A NFEAGER (Zhang et al,, 2016) o Wdfi miE T F FH 4 & SR ES R
4i GPP /R E 4, LUK B 2R K R . 0 2003 ARG K AR 2 L v
BT R, EEEF KT 30%, HH T 2 X DA RS A i 5 )
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i (Ciais et al., 2005) . A2 R Gtk GPP $ 2k F 4 7] 5& N GPP R H#A{E/M T
F—E B FEE (Seneviratne et al., 2012; Reichstein et al., 2013) . T i,
Zscheischler 55 (2013) M2 S A E 75 H 1982~2011 4 40[A] GPP #512K &%
FEEL) 1000 REFEOLEAE - CE D2 3.5 PgC yr!, HHEIT 50%H5%
PERTAR T 5. Li 55 (2023a) fif A s HA T BT 20 70% 15 5m GPP 7
RKFEM, HAEiR T2 EM 5 R IL 31% (Zscheischler et al., 2013; Li et al.,
2023a) .

o [ 5 b 52 vl T 5 T R g™ 1 [ R 2 —, DA [E AL A 7 R
X T 2R, FFeEn Ak (Zhang and Zhou, 2015) . H1[EHI[X GPP /3 ffi
AR E R A AL, P EEEE GPP N 6.62+0.23PgC (Yaoetal., 2018) . %
B COn i AE RS o R AR ARORA L Bt 1A 52 AT RE WY A8 P S5 TSR (1 5
o [ 4T 35 GPP 344 DL 3.9% 10yr! BRI (Bo etal., 2022) , HARF AR
JEHBIX 3 0k 2 T P JE X (Yuan etal., 2022) o SUL[FEIE, A E XL
AR GPP H1 K AR 4135 GPP P T 2.8%, 40%~50% 11K i GPP 43t
REMEEKEZA G, Ha bR X o) HE AR T2, mEih X nE
% 5 A 9% (Chen et al., 2019) o 2013 45 ZHh [E B 7 KA F 4R — B A
IRAH5, 3301960 4 AR ™ B ARAEY: 2010 4 H [E 75 L X 50
EREENEFEST R, FRZXIE GPP R T 4%, A& 2000~2010 F H[A] 4 &
GPP HAKIF4EYY (Zhang et al., 2012) . RT, H E X i GPP 515k (K 3148
UL i T I RS DT AN PR . PR, ABFFUE IR T 1982 AR LK H
HuIX e GPP 5k BURIIAR ML, kB LR BRI (1) 1982~2016
A [ X AR GPP #5148 PR 2 (2) il T3 AR RN E AR
Ui GPP 45 2 S AR A R R 345 1) T ik ] 2

2 BRE

2.1 BRA

AR AIEHLEIZH GPP % kl, B = ER T ALY ] T Er
FLUXCOM GPP Z R =5 e FIH % (Light Use Efficiency, LUE) f&34 4
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) GPP BEkl. 1X4E GPP FERM ) V2 N T A& RGURAIRR R 7L, ik
ST AT SRR S (O’ Sullivan et al., 2020) « TEXH b AT RALE”
JIRIFM (Gampe et al., 2021)  AbJ7 FR & L IX ST ZE 7 045 R AR 3 7K
SCRMEMIBCR (Lietal, 2023a) 55771 . HEKHIREN I RMANEE B WX
F B4z BRIZ A% 34 4 CRU ( Climatic Research Unit) 5% 6 /)N NCEP

(National Centers for Environmental Prediction) 4=k K5 1 2 #1 H i fik 4 15 21
CRUNCEP v.8 ¥#54 (Sahaetal,2014) . fERfFIEFEH, HEHPAE GPP %
BHOAHE M, ik G A D0 5ERkE Bt 45 R 2 55, W T8 GPP ZERHE ST
BRI R0

(1) =% FLUXCOM GPP BRI R BB 52 > 5% 70 ) 2 N T Ah e
2%, BEBLARPRANZ 70 E G R, RS AL SR TR R AR N
¥ FLUXCOM ficit & St CABRI3 A K 224 Nk 50D I & Bl b A1 K< )
IR AZ 4T E R 21 42 BRYE B A5 21 19 4% £i4k GPP %A} (Tramontana et al., 2016)
EAAFERERE, =ML AR FLUXCOM GPP # T Mg R4 R T
GPP [ZEYIJEIR, GPP MFFRAE A A MM A AR R EIGE, HIiZ
GPP R AN EEE CO, I HEAE RN , S Bt GPP X< A4k 1) M. (Jung et al., 2017 ).

(2) P%E LUE GPP %k} 0 H 261 T2 GIMMS FPAR3g 3K 1] MODIS
B, 43 0 T RN PR RS A A TV, SR FH DG RE R FH AR AR Al (Kolby
Smith et al., 2016) , HiFEAUIT:

= £ x x ( s ) (O

Hr, FPAR ZH MG EH RS I LB, PAR Z&6EH JERSS, LUEmax
f(Tunin) F1 fVPD) 2 M A= VDT 2R AT AR AL (1 B RO RE ) F AR S fIRTRL I A K
IREZ R E ~30 (1) i LUE 2 ABER ARG, ANBERHE CO2 BG XS GPP
MBS (De Kauwe etal., 2016) o Kit, A (1) 45320/ LUE GPP [F]i £
&S AFA FPAR B4L 1520 . 5T —% FLUXCOM GPP fHLt, #%# LUE GPP
BT ALY

AH TR R B R AN L R R R R AL R TR R F A R R B

IR B [ 2R 5 35 R R AU L i [P 81 4.06 e (CRU TS 4.06) 1938 H iR 5
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Bkl (Harris et al., 20200 o R385 BOREK B Aaf =2 AR RF R 27 T R Y 4 Rl b 25
g% Bl ai A PR A Y v3.5 (Global Land Evaporation Amsterdam Model v3.5,
GLEAM) WJHIERZE/KER. ZORET LEMNA ERAS Hrthr B EbHHES
H, R FERN 0.25°%0.25°. N T RfFS GPP Bk 8, RADEMEE
T35 IR R AR AT 2 0.5°%0.5° 1) 4% 8] 7 HE 4 . AR GPP 234f 11 -G st [A]
PSS, ASCHIETUN Bk 1982~2016 4.

2.2 ¥ GPP $URFF N RR T E AR ANE B 5 %

ARSCRFH E ALEURME VR B AR 2 R G GPP 451 2% S A AR o 44
NERR COLIREE . AUEARMMTTIEIA RN, 555 GPP Uk 1 2 I iE 5
FEIG IR SRS, FRTHS S s 5 10 H 0 Ar 0 AR T2 B8 0 0 52 A ik it; GPP
PR (Lietal, 2023a) o 17515 2 HIBR Sim F X5 W dim GPP 452 2% H 20
SAES AR S K #4345 Zscheischler et al. (2013, 2014a)7E X 7545 R —3,
HARSAE T A LR A 08 bl 1 55 A% i M SR A GPP 45k
AR, I ELT DA e W i A0 A O AR AR % FLAE i A ity GPP 43 K 58 B2 (14 A
X TR o

TR A R BN S PR AR el T AR G i T 5 =I5
FAF o FFEX IR EeR AT BT RS AR, B T AR L, i
SR AN R IR 3 H AR S R E AT 2 BIE . X TAE R AL iRk
i CPE) BEZAINEE 90 (700 |k, TFEkim CrE) BED A8
THEREREE 10 (30) EAIE. Htkin GPP 15 R A, X MR ol IR
JEE 396 A PR i R BT 28 BRARL IR AR AT — A, PR B 3 GPP 45 R A AR X — 5
.

ZIHETTIEA, MR R B A R B AFAE— S B GPP B K A
B, MBS SRS AR GPP 12k il RE 2B MR g5, Db ~F 48 AR (14
B e R R e B 2B B R GPP 5 R AF AR FR A e, B o 2 ok AR i
St GPP $J B 5L v &k (Lietal, 2023a) o LAEGIR M, #3 GPP $ik
P RAERT 3 AN A W IELE R T 55 90 B /0 B3 B KT 58 70 T 4, T



JE 12 GPP 45 R A F DA il (52 o A ARe M GPP # R S Rl
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AICR R T R E S FM GOV R EAE, IR SR GPP # R MR A 70 0
m s TR AR ] PSR EEA.
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FREA R GPP 2k (L) ] #on NAm GPP % H % (IR, F) 5%
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K 11982~2016 4F [ 1l X 4715 GPP 5% GPP Hi R HISMEE M. (2)
GPP A f5ds (BEAL: gCm?yr') , (b)) i GPP ik SRS (BBfAL: gCm?
yr) (o) Wi GPP ik BIE (55 10 Arhr, Hf: gCm? mon) .

Figure. 1 The spatial distribution of climatology for the annual GPP and extreme GPP
loss in China for 1982 - 2016. (a) GPP (units: gC m? yr!), (b) extreme GPP loss
(units: gC m? yr'), (c) threshold of extreme GPP loss (the 10" percentile, units: gC

m2 mon™).
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2 1982~2016 4F-H [ 1 [X VU s AR X1 T 2 b GPP #k (BALfL: gC
m?yr) WAESS M. (@ &k, (b 5, (o #F, (& HigmE
%

Figure. 2 The spatial distribution of climatology for the extreme GPP loss (units: gC
m2 yr!) induced by four categories of extreme events in China from 1982 to 2016. (a)
high-temperature, (b) drought, (c) combined high-temperature and drought events, (d)

other factors.
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Figure. 3 The spatial distribution for the climatological mean frequency (mon yr') of
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four categories of extreme events associated with extreme GPP loss in China from
1982 to 2016. (a) high-temperature, (b) drought, (¢) combined high-temperature and

drought events, (d) Other factors.
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Figure. 4 The spatial distribution of climatology for the intensity of extreme GPP loss
(units: gC m™ mon™') caused by four categories of extreme events in China from 1982

to 2016. (a) high-temperature, (b) drought, (c) combined high-temperature and

drought events, (d) other factors.
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3.2 ¥ GPP R K BAa A

PR FE A B b X3 L4 AR GPP Bk K AR, RATE R T
1982~2016 4+ [E 1y [X 4E~F- 1 GPP Mtk GPP ik K WIS (& 5) « BisE
P GPP I E (B 5a) , 1982~2016 4FH [H [X Ik GPP /A1 T 9.35 ¢C m?,
FRANZE R ARICHBIX . W RS X, S E 62% LA EHIHIX GPP 235 n
Fadh, APt E PG T R R P R X A RN B . AR
WX GPP (I8t S5 A0 ELARIY, 41 GPP (KA 3 I K@it 10%010) 3%
. 738 GPP ka3 0 b [H A 28 R GU R BEIRR AE 716 Brsn,  wif AR 7L
T8 H L RITE TR AF R CO iR FEANIRE ETHE R TS KRG AR 1M R

(Zscheischler et al., 2014b; Piao et al., 2013) . Bb4h, “EHHIEAKTRE” SEL

BB BRI 1T (Zhang et al., 2022; B304, 2023) , {415 H A7+ E K

NI EZ PR, LB EREBILIE ) (Plao etal., 2022) . #ATM,
FEREE 1982~2016 413 GPP (340, H[E 55% LA [ #h X i GPP 45k &2
DRSS, For P9 58 AR AR YLt oy e . o [ XA 38 i GPP 437
RBEARIEIN T -2.46 gC m?, 295 HARTIMERT 15.7%, ¢ IR 4450 o [ 3
X A= 25 R G R IEAE F H 2 in .

AR S, 1982~2016 4 /R [E M [X 15 GPP %A W& #aH, HEH—EM
EARFRAEALREAE, F 1990~1994 4EF1 2012~2016 4FA i, 2004~2008 EAmAE (K
5b) o HEMLIX R GPP 4k RIS EACPR AR, (HEARE R IA B 1
FRERa . N EXIEFERE, 3 GPP KAkl GPP 451k 2 IR 1AL
MR, & AEPRZER 5N 9.98 gC m2 yr! A1 3.9 gC m2 yr!, Wit GPP #i2%
323 4TS GPP 22341 39%, H1 UL AT WAR Ui GPP 451 R AR X 4FF- 1) GPP &%
MmN (£ D
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(a) GPP Trend (b) China
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Figure. 5 The long-term trends of annual mean GPP and extreme GPP loss in China
from 1982 to 2016. (a) long-term trend of GPP (units: gC m 35yr!), (b)time series of
GPP and extreme GPP loss (units: gC m yr'), (¢c) long-term trend of extreme GPP
loss (units: gC m? 35yr '), (d)time series of extreme GPP loss frequency (units: mon
yr'!) and intensity (units: gC m? mon™'). The dotted area is statistically significant at
10% level in a and c, and the circled region is the subregions which will be studied

later.

TRHE 3 GPP 45 2k K F5 10 /0 A RHAE , FRATTKs o [ R 23 78 AS 7 X3 (R
Bl 5cor XD, B8t EA 7 & T XY GPP MR GPP 451 2 1)1 A2
i (RD o NFEFRERRE, ZAMETFERN, 7 HIX 5 GPP #1748
i, IS 7.12 gCm?yr!, & E X Tk, 8 1.71 g€ m? yr'!. MK
HZACRE, dbJ7. AR EHIX 35 7 E GPP Al GPP 40k i
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HA#ads, Hodr, ZRALHLIX 35 GPP ki GPP 235 R D#ass, A%
X A2 R G000 Bk A 77 582 0055 o A 3 M X A% i GPP 451 2 1 Jinig ¥ e K (-7.33 gC
m?235yr!) , 25 A TFEIME R 30%.

F 11982~2016 £+ [ K H1 X IREFH GPP Fitlkin GPP 55 M KIS iHE B

Table 1 Statistical results of the annual GPP and extreme GPP losses

area-averaged over China and its subregions during 1982~2016

UG TEBRAS B (R EZE) K& IR PR
X (g€ m?yr!) (gC m2 yr!) (gC m2 35yrh) (mon 35yr")  (gC m? 35yrt)
T Wik ET U ETPS T [SE TS & EPS U ETPS
i 728.8 -15.7 9.98 3.9 9.35 -2.46 0.08 -0.43
Pk 3334 -12.06 8.30 4.28 10.65" 1.12 -0.08 0.33
b5 425.27 -16.19 14.28 5.49 -5.52 -7.17 0.31 -1.72°
&AL 777.44 -17.53 15.62 7.08 -20.05" -2.47 0.63 -0.74
225550 -6.32 4.71 1.71 11.17 1.92 -0.31 0.26
R 12197 -21.87 21.62 6.16 7.3 -7.33 0.21 -1.02
B 17109 -23.1 21.84 7.12 25.67" 0.92 0.04 0.37

*RINIEIL T 10%01 52 RIS

AT — P25 T 1982~2016 4 H [ [X i oy GPP 457 2k 473 A1 357 588 B 114
AT H) (B 5d) o n]LAE R E X BB AR, H1E 2002~2010 4F
PN %3 GPP 45 2 A0 S IIE a5, P35 5m B U IR ISy, T R B
-5 FE R 55 7331 9 9.78mon yr! F1-0.85gC m™ mon™!, K ALEIX — B Bt
Wevii GPP #ik EE AR E S, BIEAIN (3D TAIH TN 1982~2016 F34F
[X S oy GPP 453 AT RSP 35058 B 1 AR A kAT 7 Gt (3R 1D, FTLAE B b
X W3t GPP S F I R AR B, XIBCP R AL 0.63 AN H 5 TALT7 Al X
ety GPP Hi R SRR, XI5 -1 gC m? o AT, H [E MR GPP 45k
RS B EIRHIX 5
3.3 HiR. FREMBREXNRE GPP HIRZRILKITTER

AR TR it S Ao [ AR i GPP 452k DTBR KK AR Ak, AT — P& T
1982~2016 <t [E] DU v F 8 5 B i GPP 45 R A HHAR AL K 23 AT RFAECE 6D
HAAT S, BTRH4 5% GPP 457 R LA R &, FE 60%LL L
X IS, X y-2.57 ¢C m2, 445 A FH) 36.8% (&
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6b) o AN A T 3 B P 2 A S GPP 45 R B AR PR 0.6 gC m? AN
-1.16 gC m? (& 6a. o) o BAKE, =Ktk o] s GPP ik 44—
#;, WAEMEX Y EBEREIL T M X, o afik-15 gC m? 35yr,
1982~2016 4F, Ho At fMa K1~ 51 1 4 [ X301 35 1) A i GPP 43 2k 1 8 05-0.45
gCm?, XA TPl A AR A X, e BT, AR R R Jek B PR A g
GPP i BT T B, HHHIRE N 6 ¢C m?2 35yr!, HIBIL T 10%1) % & AR .
EAERMZ, KT REH X AR GPP 457 2 6 0] e DU 2 ity 25 TR - 4L [A)
B, HoA R o B AR AL X AR i GPP 45 2% W) 32 A 52 e R
TR, XA RAGHX & A E IR ¢ (TR /NESE, 2002) « W&T
X3k A, Jb 77 A X (A o GPP 453 2 1 X I 2 AT 18 -6 ¢C m2 35yr!, 3
ST R EHLX G GPP #2k (F& 8a) o FF e JEUH X il T S SR S i 2% 1
Wit GPP $ak, HH T B Fh i3t 7 i h X A4 1 06 & VR T (BEEEE, 2008;Anav
etal., 2015) .
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Figure. 6 The long-term trends (units: gC m 35yr!) of the extreme GPP loss caused

by four categories of extreme events in China from 1982 to 2016.(a) high-temperature,
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(b) drought, (c) combined high-temperature and drought events, (d) other factors The

dotted area is statistically significant at 10% level.

RIE AT (5~8) , AT H AT v [F 1 [X DU S oy A AR 33 AR Je
FOXE R AR v GPP 43 2 5 B AR A0 BT 3 U1 iy GPP 5 R 34 AR Ak oy A, FE%
[ NS X T T gt (B 7. 8) o MTHHEEH, miE. TR
= R M A B AT R AR A 5] R AR I GPP 453 ) ) E B R A (& Ta~c v e~g)o
BT S, TR S B R GPP # ok ik, 1 E 63%LL R X
Wi GPP $ 2k EIUIE N F, XIEC-F358-2.47 ¢C m?2 35yr!, 29512 FEHIHK
Uiy GPP #2341 96.1% (B 7b) o #EHARIRI I T 801 - E M GPP 45
RIRZ, XIS H-1.06 gC m?2 35yr!, ) d G S8R S ARG GPP #2341
91.4% (Kl 7¢) o miEAiRA SEIMm GPP 172 i [F X 344 4-0.5 ¢C m?
35yrt, 295 iR S B GPP B KB 83.3%, KMETLS5E 6 —5, i
FAbJ7 X, AliA-15 gC m2 35yr! (& 7a) , Hepdb i X & o™ =,
JRPRIE T i T 2 A 51 A K 0 i ag, T 5 b DR AR R 7K 73 A8 4 BE
U (Guha et al., 2018) o MILAREEHA T HISEMRE, HABSZ R 51 5m B AR
WK T8 AR A DTk, L AR A 5 80 v [ X 8- F ¥ M GPP H ki #s iy
-0.47 gC m2 35yr!, Al & E AR . HoAl R A T30 R A8k S B0 3 GPP
PR EH RIS SE RO, LT ZRACA R X, i GPP 12k 11
IEEA A TRk, Rimd BEERE (B 7d. b .
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Figure. 7 The long-term trends of extreme GPP losses (units: gC m? 35yr!) caused
by changes in frequency and intensity of extreme GPP loss associated with four
categories of extreme events in China from 1982 to 2016. (a~d) frequency, (e~h)

intensity. The dotted area is statistically significant at 10% level.

RYE 1982~2016 1 [ 2 Ho7 X8 T M it GPP 45 2 1 e K e 34 fp =2
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S AL IR GPP 451 K Rl 1Y & 53 0) 9-6.29gC m? F1-5.38¢C m? , T
TR IRERAA E T EN i GPP 451 2 H9 00 i) 32 25 A, X124 4370 9-5.03gC m?
F1-4.72gC m2,

o SR X A GPP B R A2 fi, [X3-F¥98 1.9¢C m?, i i susk &
E, N132gCm?, HhmiEMEB g2 FRE, H09gCm?. FjHX+
LRI Ad A PR T3 5 S BT -1.74gC m2 F1-1.07gC m2 {4 GPP 4512 3 &
EEiR F g 1 i GPP #i%, X3P 3.98gC m?, b i Al 24k ot
BRSO, XICFR 3.54eC m2. 45 &, BJ7 HUIX A3 GPP 150k 2Lk a3,
X 35°F 45 0.91gC m2. HAhgzmm R 7 5 B0k b X Wi GPP $i k38 0 1 -5.36¢C
m?2, {HER TR EE R A X i GPP Hi kA BT M, mincn %, X80T
¥18 3.05¢C m2, oA iR AL I TTER O, X348 1.79gC m2.

a) Extreme GPP LOSS (b) High-temperature
.0

r.,llli

»
°
»

Intensity

o M
> o
o ™
s o
38
1
|

g £
o
1

£
o

Long-term Trend(gC m? 35yr")

14
S

Long-term Trend(gC m* 35y’
o
S
|
|
|

&
b

Ching "‘0”’““‘ Norih N“""“s‘ Patoay  Conial  South China Northwest North  Northeast Plateau  Central  South

(c) Drought (d) Combined high-temperature and drought events
4.0 4.0 —7

N

T I I T ] I T T T Wl T T
China  Northwest ~ North  Northeast Plateau  Central  South China  Northwest ~North  Northeast Plateau  Central  South

20

00 —| g I I

r
=Y

4
°

20 o

4.0 —

rs
>

Long-term Trend(gG m* 35yr”)

Long-term Trend(gC m* 35yr")
; ®
°

6.0

o
°

8 (a) 1982~2016 FH [ N2 H7 X 457 ) i ilesim GPP 4 2k i S T 35 Je =
KR EAE M TIER (A7 gCm235yr) , (b)) ~ (D) [ (a) , {ENEIR.
FH . AREZENG GPP Uk BB (A o IR (ER
AR R AR o GPP 451 2k 5 FE AR AY, (RS €2 Bl GPP H 2k K& # (gC m?
35yr!)

Figure. 8 (a) Long-term trend (units: gC m?2 35yr!) of extreme GPP loss
area-averaged in China and six sub-regions from 1982 to 2016, and the respective

contributions of high-temperature, drought, combined high-temperature and drought
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and other factors. (b)-(d) The long-term trend (units: gC m=2 35yr!) of extreme GPP
loss caused by changes in (b) high-temperature, (c)drought and (d) combined
high-temperature and drought (red bars), and the contributions from changes in their

frequency (blue bars) and extreme GPP loss intensity (orange bars).
4 &

ARICHEET T8 GPP Bk, AR MEEWMTERL, HE 1 1982~2016 4
WX i GPP K (TS FHE AT K @S, JHRTT s, T5. AEF T
Xl GPP Rk (iR, EELHRUR .

(1) WAUEFRE, o E X X P35 )0 GPP %< 4-15.7 ¢C m2 yr!,

AR B OAL T HEFE X (104°E-117°E, 18°N-26°N ) Al # i /1 | Jif

(102°E-110°E, 30°N-38°ND o AR F, T5Fx54 EH X Him GPP #i 2% () o1

BkE K, XIS H R BN -6.99 ¢C m2 yrts il ARG S 8501 Hh [ (X 387 H
Uit GPP 512543 71 N-6.38 ¢C m2 yr! F1-3.58 gC m2 yr'.

(2) MDY AR s A2 TR 38 (A W e GPP 453 2 (R A% R 3 10/ T 24 ok
F, PEMX HT R R GPP $i2k Z i iy, X I T34 A1k 0.8 mon yr's
i TR AR B ] X AR GPP B R DTHR ISR AR Y, E X
DX 3P 24 Rk BT -8 ¢C m? mon™!, HoH AR 5| R il iy GPP AR 451 2K [ 5t
J¥ e, Aik-8.78 gC m2 mon',

(3) WKIaARE, R 1982~2016 4 EH T 62%[Hh [X 4715 GPP
EHnass, HAE R E 55%L X B GPP Sk 7R EUINEE S, X
BN T -2.46 gC m? 35yr'. BRI S, B 55 MRS GPP 451283 ik 3 i
AR, T E 60% LA F X 23 hnass, XECFEm T -2.57 ¢C m? 35yr!, 4
AR 1 36.8%; HUCHGE, BREME S 800 P E TS GPP Hik
9-1.16 gC m? 35yrts SRS AFEIUN-0.6 gC m? 35yr!.

(4) Ef . TRAHE R I b E X 1982~2016 ki GPP 4575
TR EERR . T2 m GPP #i 2k otk ok, S E 63%LL
R X AR i GPP 4512k S ELBE A, X ECT 1 =247 oC m2 35yr!, 45 5

19



SEI I GPP B a3 96.1% . TR AT RAR Ak 5] HE I o [ X 38 3 4 o
GPP 12K 5-1.06 gC m? 35yr!, £ #4F FEM GG GPP i 5k S8 H 91.4%.
e AT AR A 5 B v [ X 3T Bl GPP 4312 24-0.5 ¢C m2 35yr!, & il
SR GPP Bk M) 83.3%. W& XG4 R KRE, 77 R Eth
X5 7 E RS GPP $ik, B0 -7.16gC m™ H1-7.17gC m2,
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