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Abstract

Aims Net primary production (NPP) is the input to terrestrial ecosystem carbon pool. Climate and land use
change affect NPP significantly. Shrublands occupy more than 20% of the terrestrial area of China, and their NPP
is comparable to those of the forests. Our objective was to estimate China shrubland NPP from 2001 to 2013, and
to analyze its variation and response to climate change.

Methods We used a Carnegie-Ames-Stanford Approach (CASA) model to estimate the NPP of six shrubland
types in China from 2001 to 2013. Furthermore, we used Theil-Sen slope combined with Mann-kendall test to
analyze its spatial variation and a linear regression of one-variable model to analyze its inter- and intra-annual
variation. Finally, a multi-factor linear regression model was used to analyze its response to climate change.
Important findings We found the annual mean NPP of China shrubland was 281.82 g-m >a . The subtropical
evergreen shrubland has the maximum NPP of 420.47 g-m >-a ', while the high cold desert shrubland has the
minimum NPP of 52.65 g-m >-a '. The countrywide shrublands NPP increased at the rate of 1.23 g-m >a ', the
relative change rate was 5.99%. The temperate deciduous shrubland NPP increased the fastest with a speed of
3.05 gm >-a ' and subalpine evergreen shrubland had a decreasing trend with a speed of —0.73 g-m >-a . More-
over, the other four shrublands NPP had a growing trend, only subalpine deciduous shrubland NPP did not change
significantly. The response of NPP to climate change of different seasons varies to different shrubland types. In
general, the NPP variation was mainly affected by precipitation, and the spring warming also contributed to it.
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The increase of countrywide shrubland NPP may promote its contribution to the regional ecosystem function.
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Tablel The actual area and actual calculated area of different shrubland types
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AR SR FH kT 8 KA AR R s R I
CASABAIIF F¢ o [ HEAR L 8 RGNPPI I =48 57
10, B (DEHE S EERESRAFINPP, (2)
T 5% o [ E AR A 25 R GENPPIIN 25 48 SEHRAE; (3)BF

DCDSMT DCDSTP DSRTHC DSRTTP EVGNMT EVGNST
SEFREA Actual area (km®) 87701 163 077 113 031 1068218 188 952 467 142
SEPRIFETEA Actual calculated area (km?®) 81 029 153 349 12 409 203 125 178 435 449 461

DCDSMT. DCDSTP. DSRTHC. DSRTTP. EVGNMT. EVGNSTZ}HIRE i (L& A IR AR . RIS AR, I AR

AR W R EEA . LA H AEA

DCDSMT, DCDSTP, DSRTHC, DSRTTP, EVGNMT and EVGNST represent subalpine deciduous, temperate deciduous, high cold desert, temperate desert,

subalpine evergreen and subtropical evergreen shrubland, respectively.

www.plant-ecology.com

©U 00000 Chinese Journal of Plant Ecology



FAAREE: 20012013 i FEEAR A RGUFAILE T TR AR AE S H SURAR LRI, 927

FE b E REAR AR 3 R GE NP PXS AR W Y
1 BEEMTE

1.1 CASAEE!

CASA (Carnegie-Ames-Standford Approach)fi
Rl (Potter et al., 1993)/&—M T J6REFI FH 2 ALY,
FELRG (1 NPPE ZE AL TR 6 & R ST (APAR)
A REFEAL () I AZ B R E -

NPE,. ) = APAR ., x &,
o RN 8], xR 23 (B B

RELHE BT RSO A 2850 S B R T K B B
FRE AR G G A 850 S R A L £31)

APAR,, ;) = SOL ;) x FPAR  ;, x 0.5
s SOLG 2t H i B ot x &b (1 K B 58 5 &
(MIm2); FPAR o AR 2 X N6 & A4 2000 S
(PAR) W YT LEA51 ;5 $000.5 2% 7 ML A T BE R FH 0Ok
B RO o5 A BH A S ) L A8

T REFE AL 2 TR M R HE RS (1) 06 & R
AL AR R, 252 25 AK 7 (52 m,
A LAR R A

Eeny =Toaceny * Teageny * Weten X €xn)
ot TR TR R IR E X YR e A 2 1y g, W B
I B A R A, K o 2 A e Re B AL 2R 1
SR, & R ARG T B IOBREF LR . P T
T W52 R F PotterZ(1993) B AU AT » 7E
LI, & HIIUE 90.389 gMI! (Potter ef al., 1993),
M J& PotterZ5(2003, 2012) it 4= BRA & 1 B 4
FEINPPEE e’ 9055 gMI!, (H 2R R B 2%
T [y fe K RERI I 26— AR, Zhus(2006)F) 55
DU of w2 A e 2R 20 11 B KOG BB FH AT
T, HAP AR OERER % 0,429 g MT .
DRI, 7S rb B K BE R 2R H10.429 g M

PRl tE, CASARLAY SRR IR A

NPP(M) = FPAR(M) X PAR(XJ) X g(*x,t) X T(x’t) X W(x’t)

12 #iE

A3 Fir I 3E B S04 FPAR  (8-day, 1-km,
MODI15A2) # #& K & T NASA % 5 &+ O
(http://ladsweb.nascom.nasa.gov). & 5% FPARE #
Hih R B AP E (R B A K FEE UL %K
ARG 528 ) B A A% 1) FH G AR R 1) 4 o S A
BHATIFAE AL FE(Zhao et al., 2005), FF&KMEA K

oK 8K IFPAREE 4 45 il A 24 4

ARCHTHM A FERIE. A RBKER R A KM
A B O SR IR T R R I S = IR 55
http://cdc.cma.gov.cn, 1:400 77 338 57 £ 4 K I T
HUERF 22 B FE = F 4 (Shi & Yu, 2004). @it 78 B
S E R LA AL, 25 1A 43 B R 5 FPAR LR {R
FF—E.

1.3 HEHH

T A3 HT R EEAR A RGINPP KSR R P i
6] 7 5 AR A i 35, FRATT T — oo e Pk el VA 7 720
NPP IS5 -5 0 (B 647 A, DORERNPP S,
15 P57 B N (] AR A 2, O RN

y=a+tkxte
Hordr, y ANPPE SRR T a MR, x KRS, AR
R, RN, IR, BT E 75 A GE
SAFLE FARR IR, FRATRA T S/ —3feid skt
B RTINS, B SR/ s v] LA R
B 18] 52 1) A Y AR 2R 14 (Zhang et al., 2014; Wang
etal. 2016).

F 4k, FATF| F Mann-Kendall 45 5 5 Theil-Sen
Slopea i A M ARSS & ) 7 iE R I EEAR A S R
GINPPIIZE ARG . Z 7900 2 B TRk
AR I FCH (Fensholt & Proud, 2012; Dubovyk et al.,
2015; Jiang et al., 2015). Mann-Kendall# 5% (Hipel &
McLeod, 1994)&—Fhfafi i F 2 80 2 2 YA 50 U7
W, AT B RN E& A, T HERR > &R
TP, o ik v S 8] 7 51 (1) 250 1 ok )
0] 2 AR AL R A B B 25 M, Siit R 2 BUE S
Bl & (—o0, +o0). TERTEMRZEKFa R, 412>
Ui—a pfF, BRI BE /K A B2 AR A
KHa = 0.0501) 52 KK H W NPPI 8] Fr 511 224K,
BB EENE. HZ=+1.961F, XN fa=0.05,
b, M7 > 1.960F, %075 2 B &, 4
Z < —1.96W}, ZI AP AL R E I TR B
2 Ak, ZI 8] F1 6 2 2 AR # . Theil-Sen
Slope i #4573 BT A& — Fh AR (g 1) 17 B0 48 M (1] )3 7 92,
LI I T )7 51 AT P AN R R R R
WA BBV E IS [B] 7 B AR A 5, M Brs < OFFT,
I 8] P 1 S 0N Y Bre> O, IS [E] 2 41 S 19 imiéa
e MPre = OWF, B[R F 7 CAZ4L % . Mann-
Kendall i 56 R 2 & P I T B 18] /32 1) (AR 4k 94,
1M Theil-Sen Slopei#a % 73 #r IR L & & 70 Hr, 5

doi: 10.17521/cjpe.2016.0177

©U 00000 Chinese Journal of Plant Ecology



928 HEMIEZ R Chinese Journal of Plant Ecology 2017, 41 (9): 925-937

PR 5 VAT 45 6 0 e A A5 X A 7 (1 R )
FEBAT AT, BN BT e (i B R k. 40
PRI ERAT S G 2 )5, (R NPPIIARAL &S oy
S BRI, ANEERIN. EAANE, RNEE
NN E Y

NT 53 BT AR AR AT K AR S RGENPPI)
S, FeA TR AR AR (I NPP S AN [A) 2515 [ K B AT 15
SEIATZ e RE, HOrREn KRN

y=a+kx +kyx,+---+kx, +¢
Hrr, y NEERINPP; a NEE; KRR, x AR ZE
TANER T MR ZE . KA SR/ 3t a7l
H AT IG . TR EARM AR KT R+
FE4-10 H, FATHETE A1) S A R 173 a2
45 NEZE, 6-8H NEZE, 9-10 NEKZE, 111
FIRFERIZH AL, AT M AR KA,
BAE3I-S A ENET, 6-8H NEZE, 9-11 A NKZE
12 A B IREM2 H 8 N4 ZE(Peng et al., 2011; Piao et
al., 2011).

2 “#R

21 FEERESRGENPPHIHE

EH T 2 DA = i LA B LA 5 PR 5 3
FPARKIE B %, 43580 X Tk i+ BNPE, X Ff
L R AETE MBS B A (R ), =%
TR VE AR E AR 10.98% I THI A 3 5 T i+ 5 NPP,
T 9 7 i V5 HE A AR 19.02% T LS 5 it
HNPP, HRAFMBBEARL K H RS S
TitHNPP,

FATKE2001-20134F M EEARET RGN
NPPHINPP S ATF, £3312001-20134[A] (1)
SFYINPPHIFYINPPE E(R2). THEERES RS
FE2001-2013 4F [A] [ 4~ 25 NPP J& £ 09302.94 Tg,
FLrp s FE T HE A K (M AP NPP L B f /N,
H0.65 Tg, W#HH SRIEAR I NPPE B 5K,
1£%188.98 Tg, HANKRAIFEARKIFETHINPPLES
T14.69-51.40 TgZ [f] o S FE T B EA - HEAR HA i
INIAESEBINPP, AN 52.65 gom 2a !, T i i
LEREAR ISP YINPPIGF, 153 1742047 gm™a,
FAb R BER LS RF W T-BNPPA T 7233
288.07 gm a2, MMAERERE, F 71
NPPA281.82 gm >a s THEIERINAE, WAITEHE
TR VRE A HH T O TR DX PR R e 7 5 AR, TGV 3R

www.plant-ecology.com

il

HFPARHE, FHHAS S5IFHE MR T T H
SEBR A (KD, X2 FEERAME E
NPPiE T SEbrE, AL - HINPP & &2 /)
TS bR
22 HEERESRZSGNPPTLIEH I E 9%
FFE

F AT Mann-Kendall £ % 5 Theil-Sen  Slope 77
MRS G T BT T 2 EREAR RS 2 482001-2013
HE[RINPPIF 2 [A)AS A (K35 ¥1-2). NPPEIS N
A THAR (5 S AR 9 71.23%, A 5 2 18 n g T
TR 2 T 13.14%, A 25 38 n () T AR L 4ol oy
58.09%, 3 B A A7 AE T 7 V& HRE AL iy & 4
VER; NPP R/ A T AR 5 T AR 11128.76%,
Horb 2 R/ T AR R TR AR 1 1.95%, AN I 2 Uk
/NETHIRR L AR 26.81%, 8 B4 A 75 30y 1L o 4
VEARRIE = Ly R, DLRARER A AT R A3
(N0 AT ZRIEA o
23 AREFEARESRENPPRIEFRMET L LIESE

I — e MBS, SRS T AN R EARSE A
NPP1E2001-20134F ] [ A4k T 2k (F4). Ty T
VEARTFOE A SR HEAR ) 2 R G 3h, H
K245 93.05 gm2a ' (p < 0.01)HI1.76 gm>a’
(p < 0.05), PIFPFEEHEA (55 FE eI HE A - EAR AN
TR R ACEEA) 7 51 LL0.56 g¢m 2a ! (p < 0.01)
#10.97 gm 2a ' (p < 0.05) 3 2 B K, TxF T/
PP s LEACK N, T 1L AR LL-0.73 gm *a !
(p < O.)HHAFEE TR, Ml & L& EAR
F2  PEFEARES RY2001-20134F 8P 155 W R AE = TR 259154
B S R P bR R 22)

Table2 China shrubland mean net primary production and mean total net
primary production from 2001 to 2013 (mean + SD)

AT IR AT FHERIRA IR
Shrubland Mean net primary production ~ Mean total net primary
type (g-m’2~a’1) production (Tg)
DCDSMT 252.28 £8.64 20.44 +£0.70

DCDSTP 24724 +14.12 3791+2.17

DSRTHC 52.65£3.05 0.65£0.04

DSRTTP 72.33+£5.67 14.69 + 1.15
EVGNMT 288.07 £ 11.84 51.40 £2.11

EVGNST 420.47 + 16.96 188.98 £ 7.62

CONTRY 281.82£10.13 302.94 £10.89

DCDSMT. DCDSTP. DSRTHC. DSRTTP. EVGNMT. EVGNSTHI
CONTRY 73 HMRFIL i L 5 HHREA L IR VA HEA . w28 B A
KR EATREEAHEAR ., W LA, A SRR A E R .
DCDSMT, DCDSTP, DSRTHC, DSRTTP, EVGNMT, EVGNST and
CONTRY represent subalpine deciduous, temperate deciduous, high cold
desert, temperate desert, subalpine evergreen, subtropical evergreen, and
countrywide shrubland, respectively.
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Table3 Statistical results of China shrubland net primary production spatial variation from 2001 to 2013

T8 VA IR AP J1HAE 63 Trend of net primary production b7 SRR LG AF] Percentage of total area (%)
>0 >1.96 W Significantly increased 13.14

>0 —-1.96-1.96 ANEFEEIN Insignificantly increased 58.09

0 —-1.96-1.96 FEAARAR Essentially unchanged 0.01

<0 -1.96-1.96 AEZ /N Insignificantly decreased 26.81

<0 <-1.96 W/ Significantly decreased 1.95

TS, Theil-Sen slopef& A 3 Hr 4t it & ; Z, Mann-Kendall4t it i .
TS, Theil-Sen slope statistic; Z, Mann-Kendall statistic.
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Fig.1 Spatial distribution of China shrubland net primary production (NPP) change rate from 2001 to 2013. The circles indicate the
distribution of different shrubland types. DCDSMT, DCDSTP, DSRTHC, DSRTTP, EVGNMT and EVGNST represent subalpine
deciduous, temperate deciduous, high cold desert, temperate desert, subalpine evergreen, and subtropical evergreen shrubland,
respectively. DCDSMT and EVGNMT are in one circle because there is no clear boundary between them, DCDSMT mainly
distributed in the upper half of the circle and EVNGMT distributed in the bottom half.

NPPIEA BEN M EA . NEEMRERE, BRI BLERRAD, N-3.26%, HAhSA
Wb K S R 41 NPP AE 20012013 4E [8] L K NPPIFHR AR AT 2 A T-2.02%H117.68% 2 [

123 gm>a ' (p < 0.05)E K L EH . A E I RERE, A AR 5.99%.
BAIFIH13k / NPPaooi vHE NPPHIFHRNT A3 BATE AT T A RIS BLFEARNPPIEAN R ZE T 1)

AR (3R4), NPPyo 62001 £ [INPP, i i el EAR . ARAHOL(RY) . PIRSEERR EARAERFNE 5
BEARBAT BRI AR 419.95%, L m Il ex  # R E K@Y, BT REEAR#EARNPPAE
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Fig. 2 Spatial characteristics of China shrubland net primary production (NPP) trend from 2001 to 2013.
F4  PEEAREDRG2001-20134 [ FHIH AL T1(NPP)RIAEBR FIZE 1T 3
Table4 Annual and seasonal trend of shrubland net primary production (NPP) in China from 2001 to 2013
BEAHY FPRAZ4Y Interannual change % Spring 5 Summer K Autumn % Winter
Shrubland type k (g-m’z-a") AR (%) k (g-m’z-a")
DCDSMT 0.37 2.02 0.16 0.39 -0.21 NA
DCDSTP 3.05™ 17.68 0.61"" 1.90" 036" NA
DSRTHC 0.56™" 15.58 0.10™" 0.45™" 0.02 NA
DSRTTP 0.97" 19.95 0.09" 0.69" 0.09™ NA
EVGNMT -0.73" -3.26 -0.07 0.12 -0.64™" -0.01
EVGNST 1.76" 5.71 0.83" 0.31 0.66" -0.00
CONTRY 123" 5.99 0.43" 0.61° 0.22° -0.00

DCDSMT. DCDSTP. DSRTHC. DSRTTP. EVGNMT. EVGNSTHICONTRY %3 HIA% ¥ & L1 7% i E A |

JE T

IR FTETRCEA A T

FEAEEACH A 0 LR A | I IACHT B SRR A R o O EBRAIE R ARFR MR AR, HAK S T AR LLI 34 R LA200 14E FINPP; NA

FORAFEIMINPPICE S *, p < 0.10; **, p < 0.05; ***, p <0.01,

DCDSMT, DCDSTP, DSRTHC, DSRTTP, EVGNMT, EVGNST and CONTRY represent subalpine deciduous, temperate deciduous, high cold desert, temperate
desert, subalpine evergreen, subtropical evergreen, and countrywide shrubland, respectively. & is annual change rate; 4R is relative change rate, calculated by
k*13/NPP of 2001; NA means the NPP in winter is meaningless; *, p <0.10; **, p <0.05; ***, p <0.01.

KEWEZER. \EHFETHEAER. . =4
FWH RGBS . W& E S EARNPPAEK T
HEEB#E, LI-0.64 gm>a’ (p < 0.01)HE
RN, T — AT E AR, T VR AR T
NPPTEANRIZEAT ) o BB . A H SRR
WINPPTER . KRR KA, MEE. &M
FLREBNEE . NEERERE, BTAEN
NPPTC & E AN, HRINTFERINPPH 2 B 3%
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Table5 Comparisons with other study results

931

F4 IROGREA IR FRAfEAL EEPEN
Year Maximum light use efficiency Net primary production (g-m >a") Standardization Reference
2001-2013 0.429 281.82 281.82 3L This study
1982-1999 0.405 257.80 273.08 Piao et al., 2005
1989-1993 0.429 367.70 367.70 Zhu et al., 2007
2001 0.389 362.38 399.64 Li, 2004

DA (2000 I £E RN . T R RIASE B 5T AT iR E
(155 K RER e N[, 1T 5 K06 B R FH 2R S
YENPPI— AN EE S, W FAd A A SC i kot
BB FH 2ok AR 72 25 SR AT 5, 154 AT
7t 45 B 5 Piao%(2005) ) 45 5:273.08 g-m >a ' AHI,
AT 2R SR EE(2007) BA K 2R 55 77(2004) 1) 45 3
32 HmANEEFAERIINPPHEERFIN

ROGRER 2R R PRI A A T Bl
R 0 B R P 2% . Potter&s (1993 )i ) FH B
AN EAF B FINPPRRE T A BRIX S5 ) B ROk RE R
N0.389 g MJ . (BT ORI ERR, FAOBRE
FIH R EUERAFEN . 52/ B 2000) 15 17T %R
T B RO ERERI %, DA AR 1 KOk g
FIH 2 REZA T70.69-1.05 g:MJ ' 2 [d]. Hunt (1994)
(RIRIF 70 5 SR D0 2 B AL o R e KR 2R ) B BR
3.5 g:MJ . ZhuZ5(2006) I 7t 25 5 25 B rp LA
B KOG BRI A T8 G4 H 4R 1190.389 g MT ' Al
W 3 i RR (10,985 g M 2 [] . Potterds(2012)F)
AR 900 % AN B A LI () NPPE Y B8 Al B 1 4
ERAE WY A PR B KO BE R FH 3R M0.55 gMT . R E
HIHEAR D AAR T, MR 00 S #Avry b [X 21 38 iR
iy Hb X 2 PG A6 e R X DL K e e SR T2
OrAT, ANFIEARRAY 2 6] 2% S5 W R, AN R AR 28 A
{85 KOG BE R FH R AE T 4% 2 L RN, (HE T
Hh [ E AR S RGENPPIRE AL B R =, 1
CLAE S0 r ] g AR A ol S AR A RO BE R R R 7
F A 2 B AR S AT A B . AR SR A
Zhu%§(2006) W FT 45 1, K BT A R BLREAR I ok
JGEER R G —190.429 g MI . B KOGRER %
B AN 7] R 2 2 NPP I 4656 B, {HAS 2 2
NPPRII ARG H, BRI AR SO EEAR A& &
ZENPPIIIS 7338 543 i I 25 SR A2 AT FEY o
33 FEFERESRZENPPRIT (LSS

KB IR 72 26 B A 2 3R 475 r 2 P R0
NE ;T 20t )\ LT AR POER I B S, TR

QAR HH R A KA i &2 [ % (Zhou et al., 2001;
Piao, 2003; Peng et al., 2011; Piao et al., 2011; Wang
et al., 2011), 9 [EFEYE FINPPIEX B I EZE ) T
[ B¢ ) 384 K ook 72 (Liang e al., 2015; Piao et al.,
2005). Liang%5(2015)F] FH CASAR A ARAL T 1982
20104 ) A [ R 1% (10 4 R0 e A2 7= g, Sk b [ A
WHINPPLLO.011 Pga ' (X AR K3 #0.42%) 33
R, BESMBCRE, T EEY NPPIES T
T 20t Z90 AP K S, 1199920104 FF A
1SR B MBRATIBE 45 R, 764 E g NPP
(G I T4 UG, EARIINPPERFEEIG K,
H K #4545 50.001 3 Pgea (1.23 gm >a ', AHXTAE
1HIE #20.46%), T 4= EEEARNPPI) B/ T4
E g NPPIY S, AR ) 4 /N T 1982
20104 [ o [F 45 g NPP IO 3 1K 3 22 (0.011 Pg-a™),
E I AH X AR 40 3 %6.0.46% KT H E FE # NPPTE 1982~
20104F [H0.42% [P 38K H 2, HE& /N T1982-20104
[EIHEAE A RGINPPHIE K 1.95 gm *a ' (Liang
et al., 2015), Ui B EEAR AR RS KINPPTE 4 [H
FEBE NP PR KA i DL D PRI TR A3 K 2
34 HEEARESRZNPPHZEINHER

o [ JEE K AE 2 R 4820012013 4F 6] °F- ¥ NPPI)
2B AT 3 2 e (B13), AR B NTE A IR 2R EE
SR T, X 5 4 E A b 5 R R Bt 4R BuEvD
(123 (B AT A AH W) &, X B T AERKER
E A BT 5 A (Liang et al., 2015; Wang
et al., 2016). TEHE T KA HIX, FFHINPP
HRT400 gm >a', MPEILEHLX FINPPA 2 HX
BRHE/NT100 gom a !, X R K E
(1 S35 2 S I ) o T e e S bR AR bt
X I4EF S NPPTE200-400 gom >a ' 2 i, AN, &
A3 —/NER Y X (RINPPAE S K, KT 600 gm >a,
F BT 2 8 VG R DL A I R 4 (1 /N 4y 1
X, X X & T Hr X, SR E HL K93
&, EEEAmEpAK.
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Fig. 3 Spatial distribution of shrubland annual mean net primary production in China from 2001 to 2013.

NFERMEARES R G, HETFHINPPALE
IR 2 732, E3). BB B (143 NPP
AR, B/NT100 gm2ats G NPPIE
TSR, R R . MR L AR
fRIEEST- S NPP 7Y 5 247 24 71252.28 gm >a ', /1
TP L R 19288.07 gom 2a ' DAL #E 4
VEHE AR [17420.47 gm Za ' AFIZEAL Y (B NPPI 2
T R BEFRF AR SERER LR, i
RUEA BT E X0 T 2 e, 5 m BRRH SR
S LA K SV R AR IR IR 22 K 3R 35
35 FEEARESRFENPPXSIEIE LA R

Wi b A4 1) A 77 D0k SR AR R, K
ROFF ORI B IMEIE A 1
PR F-(Piao et al., 2005; Peng et al., 2011; Liang
et al., 2015). SARAAL ST NPPRI A 2 #0538,
T T v AT 3 BRI B B IR A B DR,
MITAENPPREAR, JLHAE TR, 8D Ke
38N B A, AT 13 NPPREAR, EHANH (1S
(B IR FAEAN [R] AR AR 25 R G P 6 NP PR 1) B8 L 1 4
ANFE(Melillo et al., 1993). LiangZ£(2015)HF 5 & Fi
198220104 H [E 30 73 b [X E B NPP IR AR 4k, 32 22
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Z BRI, TR T R X E Y NPP
FEZ BRI . FERATIWF L R, AF
HiLDX L AN [RIEE A SRR S A5 AR A B Wi B A7 AE AR 22
FEKT)-

BATHET T U/ IRIEFUA I 2R 1 8] Y
B R INPP S ZE 11 P SR A= B K B AT
Z ot A, SR ENESHCR oA S5 R T 5 /A
FINPPZ[AI[ 5% Z o HH [E] A ASE B 100 1 /B 5 CAS A
PRI RERME HEAT LA, HEUE LT A0 T 111
XL b, Y% R AR R fE 05 1R U Bk NPPREAT
TR(El4).

FA TR A DA K AT, R
A T 2 I [A) Sk [ 72 55 2 4 5 (Zhou et al., 2001,
Piao, 2003). EFETRBEARNHEAR TR VAHHEAR
DA A 1 SRR R SR 5 FNPPAFTE S IEAH
RRRERD). B FEARBFENPPIIEINESA S
HEFSIRZEAAR—, HEFEFENPPIIIEN
AT HEAE H T H A 2= [k & 2 ORI 3 n e 2,
SAE %X 4 25/ IR FEVA BN (1 B K # 2= LL UK S 1)
TEARRAFBEREMRZ, Y TN T HZFRRK
(36, KT M2 K & 3G I A8 5 B AR 5L
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F 6 PEMEARLE ARG 2001-2013 4F [ K S AT 3R 2B AL 35
Table6 Temporal trend of China shrubland precipitation and mean temperature from 2001 to 2013
AT R IRAEHEZ Mean temperature change rate (‘C-a") [ /K BARALIE % Precipitation change rate (mm-a ')
tSyl;rélbland 4 Annual # Spring H Summer FX Autumn 4 Winter 4E Annual % Spring 2 Summer #X Autumn 4 Winter
DCDSMT 0.026 2 006877  0.0799™ 00111 -0.005 6 2.94" 0.53 1.97 0.54 0.26
DCDSTP —0.0486"  —0.0451 0.016 7 —0.009 1 -0.013 0™ 757" 0.90 524" 0.77 1.04”
DSRTHC 0.020 7 0.060 7° 0.0435™  0.0406"  —0.0190 134" 0.24 0.64 0.07 0.17"
DSRTTP ~0.009 9 0.082 3 -0.013 0 0.0320  —0.069 8" 0.38 -0.28 1.1 -0.11 0.32
EVGNMT 0.0303 0.053 3" 0.079 8™ 0.006 3 0.001 2 ~4.10 -0.29 -3.24 -0.32 -0.36
EVGNST —0.0167 —0.004 5 0.0380"  —0.001 7 —0.0759" 422 -0.81 -7.67" 5217 -2.46"
CONTRY —0.006 6 0.039 9 0.018 3 -0.0020  —0.08117 -0.02 —0.24 —0.80 125" —0.49"

DCDSMT. DCDSTP. DSRTHC. DSRTTP. EVGNMT. EVGNST #1 CONTRY 73 HARE I i L3 EA . IR VR MR . R TR E AR, 16
AR AR W LSRR WG B SHEARRI A EREAR ., ** A5 HoR p /T 0.10. 0.05 F10.01.

DCDSMT, DCDSTP, DSRTHC, DSRTTP, EVGNMT, EVGNST and CONTRY represent subalpine deciduous, temperate deciduous, high cold desert, temperate
desert, subalpine evergreen, subtropical evergreen, and countrywide shrubland respectively. *, ** and *** represent p-value less than 0.1, 0.05 and 0.01,

respectively.

RT AFMEARES RIS 2 K RN 245 2 R AT a1 ) 2R

Table7 Regression coefficients of annual net primary production on seasonal mean temperature and precipitation

AT W Intercept IR A B Air temperature coefficients (grm2a - °C™") % 7K B 2% Precipitation coefficients (g'm >a "\mm ")
Shrubland type % Spring ¥ Summer K Autumn % Winter % Spring X Summer X Autumn % Winter
DCDSMT 199.60"" 768" -19.31™ -1.19™ 0.08" -0.51""

DCDSTP 91.12" 3.76™ 7.83"™ 0.51™ —0.40™"
DSRTHC 7.45 162" 0.17° 026"

DSRTTP 46.70"" 0.20” 026" -0.14"

EVGNMT 55426 -8.15" -9.97™ -0.24" -0.29™ 021" —1.45™
EVGNST -86.92 43.47™ -10.19™ 2.57 021" -0.10™ 0.23™ -0.35™

DCDSMT. DCDSTP. DSRTHC. DSRTTP. EVGNMT. EVGNST Fil CONTRY 43 BRI = L TEHEA . AR, MoERi B, B
WTCEVEARLEAR, WR WA, WG SREARM A EEA . **F*** 3 JIFRIR p /M T 0.10. 0.05 F10.01.

DCDSMT, DCDSTP, DSRTHC, DSRTTP, EVGNMT, EVGNST and CONTRY represent subalpine deciduous, temperate deciduous, high cold desert, temperate
desert, subalpine evergreen, subtropical evergreen, and countrywide shrubland, respectively. *, ** and *** represent p-value less than 0.1, 0.05 and 0.01,

respectively.
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7 £ 4001 +EVGNST 3
-)i{_ N
&2 &
1S 300 +
c o
< Q
ﬂ%é 200}
L3
100 |
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CASA BRITEAH
CASA model calculated value (g-m=2-a™)

B4 FRIRAT I35 SR T [ AR R T A 5 CAS AR
RAGHE X A . DCDSMT. DCDSTP. DSRTHC .
DSRTTP. EVGNMTHIEVGNST /3 AR e L& i HEA |
T T AR | R FE ST HE A HE R L MR TR RE AR EA
V5 1Ly 5 S BEATN L AT SRR

Fig. 4 Regression of annual net primary production of the six
shrubland types on pertinent climate variables: Regression
predicted vs. simulated values. DCDSMT, DCDSTP, DSRTHC,
DSRTTP, EVGNMT and EVGNST represent subalpine
deciduous, temperate deciduous, high cold desert, temperate
desert, subalpine evergreen and subtropical evergreen shrubland,
respectively.

Ji S R T RE A ) AR FE T AR I TR S, IR iy Ll
o) R SR P AR A ZE R AR I (], T X AR AR TE SB35 5
XEER G HA KRB, TR AR 5L 5 S5
WImH AT R TR X, FZERKE MG
A DUAHAER RS AL 2 1Koy, 1T ot AR K AE
Bée 7K BB 70 A T DX (U RELA TE A 2 2 BISRL IN 5
Mi(Jeong et al., 2011). XLEFMNIMLE RFBISH] T
TESE, MR EE R ERINPP S H K R E
IEAHSR I 2R, 0 7 ol 0 1 L B I 4 5 G AR 1)
NPPHHEZFR KSR EZH MK KRET).

EE 7, PEERESRRNNPPE B2 5| %
IKIIFM (R 7), X5 EH KW 5T(Piao et al., 2005;
Liang et al., 2015) 45 RARL . 5 2 #v i) B 2= fliAe
% 1A KR 95 (Angert et al., 2005; Lotsch et al., 2005;
Park & Sohn, 2010), B Z=H &SRS FEE ST
KATKE, BVEBCRRIMETEZRL, MG 2 0
KA IEIS R R S A R, R R EE 2
B KA B AR K, I & SRR B I NPPAZ [
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JKEI52 0 (Liang et al., 2015).

KSR B T 2 AR K FR 4E K (Piao, 2003;
Jeong et al., 2011), TIAKZERF K &3 h0HHE 4% A K
Z= 25 RS [A] (1 5% 5 25 2= B 7K G AH AL 19 4 FH (Piao
et al., 2006b). FKZEAEYE AR Kt NFAE KB 3R
W H, FCRFAKED, A REK S 138 02 thbE
Z 3N, AT 5 BOK BH 5 56 98/ LA R SR T B
fik(Piao et al., 2006b), 2 FHEKTFIEAILE R 7E
FRATTIR) 25 5 vt o B 3 Y EE A 2 YR AR g o 1
e L R AR 5 KR K 2 A O (R AT 4%
HEARINPPE KRR, 5K KRIE L,
& BT MR B SRR A T s X, iR
R, EERAEKEEK, KRN S SECE
()5, R B K 8 3 T AR 3 L NPP )
.

AFS R EmSEESERA S PERAER, o
PLAHR FAE K Z I UR BB 18] (Robeson, 2004), M i fi
MM A B Z B AT S B AR, & HEZENPP
BN R VA P AR I A R SR E R R AR 1
NPP# 54 ZE (SR RIE L, A& s
i 3 DA S AT 1 SRR A 2B K B 5 J4F IINPP
BRI R, W RES T AGHT L [X (K 88 %2 5 fERE
BB, M5 EOK PR SR SN LR R B2 AR
A K(Piao et al., 2006b), ItAk, %ZE[E/KLEH EL
TR M X #0K L T AR R a3, &R f%
K BE I S B R AT B, SR HEE 2
(17 BE AN (A AR Ab AR T, B Al AR K ZRTT 4R I I [A]
HEIR
AN, WV g LU SR R A R I AR A A R
TR G5 Hhfi B HLNPPII S AL, UL BHIEAFAE A oM R R
XENPPI A=A, X 5 EEARES RS
EVIFIB AL A —E(Wang et al., 2016).

A AN B 7K R 5 A NPPAS AL 3 LR R,

L[ Bt AN T 220 EL Al PR 20 AL AR NP PAZ AL PR R T,

0K BH 4 S 86 o 2 12 3 b 3 AR % Y VPP (Piao
et al., 2006a). AF 738 B 1 [E7E 19904 LA S (1) K BH#5
SR INEHGE H 4, 2014). AL, R ETDLE
io PR JR) S ) 7K R SR A SR B DX A A, B 5
Wi A% F)2E Ko (Peng et al., 2012). T 56 e R L X (19 4=
AW Mess, o HEE . A0S FE T
S 73 OB, AHIE T AR R RO ey LU SR R HE R S
Iy AR AE T R L, FENPPEIAS AL X B 5 R 1 R

www.plant-ecology.com

L AT AN 2

FEARALE R B H A )z 0o An, HAE A E
Hh AR 2 &R G0 B 08 24 ol A 25 2 52 9 AF A (Piao
et al., 2009), 7E201£L90FEAR LISk A4 o [ 7E P 1)
EERAEY A KA B R RS SN, R EEAR
A RGNPPTE2001-20134F [B] {75 R FF 7 B PL i 3
K s, A2 7R R R X IBAES KRG WA R
PR R AE

4 INGG

FA1EE T MODIS - & (1) 3% B4, FFH CASA
TR ) A ] R AR 25 R 48200120134 (0] I NPPidE
T TGS, 8 T AREAR LS RGNPPIIAZ L
a3 LR AR AR e B o ££2001-2013 4 8] H [
MERED RGAEFHINPP 28182 gm2a!, 1
TH302.94 Tg. HA, PIFhTEBIRRIEAR (S FETiB
VEE R 2 E R VIR Y 53 B VEE A 1K) IR 4~ 5 NPP
BN, A BN52.65H172.33 gom a !, AV HHTH GRiE
KRIGETYINPPERK, i£%42047 gm>a', HAR3
Pl R AYFEAR R AT TE I HEA L W5 1L SRR
th v& o #E K ) 1 4E CF 3 NPP W TE 247.24 FI
288.07 g'm *a ' Z Al NPPE f B K N T i H
SRHER, 1X3188.98 Tg, 1M FE e VA - EA )
SEPINPPE RN, INVH0.65 Tg, HARIAMA
PINPPE BN AT 14.69F151.40 Tg [

2001-20134F [a], o E#EAR LS RGEHINPPLL
1.23 gm > (R REER N, HAXT20014 1)
TAFNS5.99% . KT AF PIEAR LSRG KA K
Wi, BRI R AR LL-0.73 gom a IR B3
RSN, HARSHHEALS RGMNPPTE2001-2013
CHEESES ) IFEE IO @A R AN Sy [N
F)o RFETCREA N B TEEEA AR
L7 V& T HE R I8 NPP R G T 2001 4E 4 Sl 3 K T
15.58%+19.95%F1117.68%, it B 1 3F AR 7 11 384 4 5ok
RAEF I AN TR, PR B R H X
T 45 78 55 0 T 4% B M0 E VA SR UL FPAR £ s, Atk
AT 20 1 3K Tl Z A AR I A R 2B KL 1Y
HuIX o T T B EA A NP PP KK 12
HERW R R 4 16

A R AR AKX R AR TS RAINPP
FEAR SRR, AN R HE AR SR B AN [F) 224 (1)
£ AR B K (R o 7 AN 58 A AR ] o G Hp T s L R
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KA F AR A AS REAR G th i B L NPPI AR 4K,
Ui B IR A AR 7 (W N3G B0 50 E R IEE- .
E AL T 20128 )L R POE K 5,
TEQOFARH ARG KA v, HE 2, (Hh EHEAR
A7 RGENPPAE2001-20134F (8] fRFF 1 5 i i3 K
WOR . IEARRCRRE. TRIEMRE ST, A ¥R
LR BE ST IIREARAE R X 4 BRABA . 4k X e i A
BREGRERHERNE ), BREEZENEM.
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