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IFR, PRSI T = Sk, ARPEARAENT 110 2"

IV A Joki S5 R s R BORT 0] A P — PG B s T E R JTE DXL 5ty g i e i I X
T 0 o D B T XS0 AR SR KA 250~750 mm, AREIIREE-10~10C, BAEA
B2, BRI . VP XA TR SR, FER 5 e rH AP X 52
P A s, KRIWEFET2, FEWIMARIH X Z AW FE XA, RPN EFET
B, AEREX A, s, WA RIS AR ES, WE T TR, ok
F2AMm (K1),

FR L AR (aboveground biomass, AGB) fY%S [AI4% J& 1] LIMEE Rl 5 4 26 AR
AR 7K b P R R ot 2 D04 v 78 A P T My PR o S BRIV K o i e 3 Py
)T e DRI PN 8ty v SR LA — BRI AR, R IR XTI AR TR], 3 RIS A
25 SR R 23 [R) A0 A LA 22 AR R i, Ma Z8RVgmise 28], NS IR B R AGB
B 25 0% ey S B0 E PR 1] 2R AU [l B in ™ (R 7KSE Mo PE R 5 Yang 5P A5
FW, TR R e RO LA S R R AGB S B A PG ) AR O A n . AR fE
s Wang SRS b I KACBE A ST (3K R B 4390~5330 m) 154, AGBJ#
R T i S 30y PG TR 2 110 25 (1) 0 R .

O AGB Y25 [0 53 5 EEAZ 24 S REK B (MAP) | ARV (MAT) Fl+3ER
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JERXFPOE R 1Y PR BCER IUE XHIE AR IR SR 25 R 2 (R 255 . iln, Bai 45 7e ip R g 52
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Fig. 1 The spatial distribution of the Eurasian steppe and aboveground biomass field sites



54 FEARAR A5 WO R B it b A e A 2 T Ry S S PRI TR TR G &R 783

Ji AGB 11975 [E]4% 55 5 MAT (A SCPHEAR B 2. Ma S5 PRI Gao 558075 PA 5 iy Tl w0 b A A
JE R, AGBBZ[HH8 )55 MAT 2 B F A OCR . BT 1575355 H e X AGB
B SZ I AR X A2 55, — AR TA Rk 2 = 3R PR 28 0T DLl a5 MAP (1938 BAE T AGB 125
A% Jry 7,

AR SC AR K Bili B R R A GE X 4, WAL RN A0 B 12 IX 3R FEACA I S () AGB 58
fifp 2B 3AREA A (D RO Kl 55 5 AGB 25 [B] 40 A AR s () S RO K ik 75 )5 AGB
RSN ZE ;. Q) FZABEE G 2 5 MOV KR 5 R AGB A% R e S C R .

2 MRS

2.1 HHEKE

(1) Hb EAEY a5 AGB AU R i HE SRS 20 i St o 3 2e 4l &
TR A 34, O IR C 2k RMF AR (209 5 SCHk, EARS 5 Sk LR
), FAFH 1015 AN TEA R AR B, @ MG ERR RIS B R 050 % AT 1 2Bk
R AR, FESARR T AR S A EEGE  (http:/www.daac.ornl.gov/NPP/
npp_home.html) ; (3 ph HABMEFEE S A3t i) Hh [ DX I 809 A A e s AR W i Kt o il i A
3R AR T 30455k (1980-20144F) 78RR K 52 J5E X 1 P 11 1831 4>
PRI AGB AR . X TR AGBEE, & IRULT 441D B AR T2 07 1€ «

O AGB i IR AFE s TR LR | 25 B AN 3 A R A L, X Sk v sk
Mg AT BEURORE A, SR RS IR A% K54 4 SRTM. (Shuttle Radar Topography
Mission) elevation database (http://srtm.csi.cgiar.org/) 1) = FE & AR ER™, @ A MODIS
(Moderate resolution Image Spectroradiometer) [+ o7 5404 7= iy (MCD12C1) (https:
//lpdaac.usgs.gov/dataset_discovery /modis/modisproducts_table/med12c1) FIH [E B} 2% B
A o K R 2 S R A R B 2%, BIBR A AR R AR R R S H A A S
ARG TR TN s B . B LIFR(ER2 f5hm ik 22 brite, SBREC i e s i AR
AR EGE . @ ST R ] AR L R BB 45 2 IR SR A A it AR A 52, XA 2245
DAY BRI AR S, O A i 2451 (H

IR DL PARMETR LSS, TR TR A 1421 DA S AGBEHE 45 . 2 B S 1
BT T 46 28°N~53°N, 88 36°E~125°E, KT 20~5600 m (1),

(2) Sfeshds  EWCRIAARE S0 AGB AT, [RHC AL T I A e A AR EOK B
1 (Mean annual radiation, MAR), MAT FIMAP ARSI ERW(E L, Z80Cd
IE SR UL KA AR S 1) AR B U, XT8R2 MAT F1 MAP {5 B 1974 A A
., WorldClim- Global Climate Data % #i& & (http://www.worldclim.org) ' Y £ 4F
(1950-20004F-) MAT FIMAP AKX THk MAR B A A£ 8, ] Climate Research
Unit (CRUO05) 1 K FH #& 5 Z 4 42 (http://daac.ornl.gov/ISLSCPII/guidescru_monthly
mean_xdeg.html) "' AGEAREACES

(3) HEdE RJZ (0~30 cm) TIEMYHRERAR A TR (Gravel) . ¥FE
(Sand) . ¥k (Silt) KFk (Clay) &, HHERAbEEMEEIREEE T pH A LIk
T (SOC) . X Su¥ 4 2ok TG E M & L& 41 24! (Food and Agriculture
Organization of the United Nations, FAO) HJJH—1k + %04 % (Harmonized World Soil
Database, HWSD v1.2) (http://webarchive.iiasa.ac.at/Research/LUC/External- World- soil-
database/HTML/HWSD Data.html?sb=4) .
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2.2 HES

IRV K i 55 5 R e 3 ST IX ) AGB S bFRA EAR E (4 . & . WIkEE) . X
fiz % (MAR. MAT, MAP) FI1#JZ (0~30 cm) + 3% £ (Gravel, Sand. Silt,
Clay. pH. SOC) ZI[AIAMZEK R TR T — o a4 E A /047 7 ik .

i FH LR 25 2200 Mg 383 T 78 ek 0.05 B 5K b, RO KB 5 J5 R HE 34N E X X
B2 18] AGB 22 k. B FRE ARk, S TARFESGE (4 5°N —4-H
W) . 20 (B 15—k ) MG & E (41000 m —~ElFE) 1 AGB K/,
B A Z e A 5 58T T AGB %5 AR S () F BRI 38 2 ook kL [m
7%, RIS T RO AR5 K H: 3N X AGB 45 = BRI N K 2 ML &

B 43 M7 #E SPSS 20.0 FITR 3.1.3%" (version 3.1.3 R Development Core Team 2012)
A Sz, Seit B A2 HIAE Sigmaplot 12.5 8 sg i, WF5E XA W A ke i 23
6] 4345 E7E ArcGIS 10.0 B 58 R

A, ST B AR, BT A OB AR 0 AR 4 e R A R S TE M B S () 4 A R Y
A1, AT BRI ES ) A0 A AN S ) P T REZ 25 (R SR A Birats SR ASH e 1, 1 ot BB —2 1Y)
i FR 2 () AR PR R L, 0 DXy R P 1 BT R s ) AGB HE AT T AR 34, IRFI HHZ
SEIE T AGB 23 [al4% 5 S SRR N R I R . 118 AGB X A {H ) AL 3R .

O FE5rHT AGB 25 A% SR i, B 1ANERIE (1ON) S IX[alfa]be, TR X Ta] P i 2
FE S AGB (- REFIAREZS , 4007 AGB 5468 Z Al A E R [FRERY 7 s T4
MrAGB 52/ (1°E MIX[alfalkg) A (100 m A IXEEE) Z MR,

@ TE53HT AGB 25 [0)4% ) SR EE N R Z [l i 5C R I, 0 BIH% IE MAR: 100 MJ m™a™,
MAT: 1 C, MAP: 25 mm, %2 (0~30 cm) +#E[H 2 Gravel: 1% vol., pH: 0.1,
SOC: 0.01 M IEELRPIX BN, 20501 AGB B E-HERPRIEZE , BT BT KRS
T AGB 2 [MAR S 5 MR R Z AL R o

@ TE4rHT AGB 54 IS EER 2 (Al A4 B2 /R 228, FNE & /0T AGB 25 [l 4% i 5
SLPRBE R R 25 2 (A 0 56 2RI, SRR 1.0°Nx 1.0°E M FA% M 1) AGB 5 FRE5 A 71
HEWESE . RIEJCrE ArcGIS 10.0 34 F & LA T3 35 05T IX 381 1.0°Nx 1.0°E A4 1 B
MW, PG A REA A T P I TR A AR AT AGB . DL RS B R ()35 (E, Xk
T2 TR 199 45 M B4

3 Ry

3.1 i FEYE IR S R RIS ST

HEANRRIE RSBl B L IX 4 4 AGB AR 469 R A 4.99~209.00 ¢ C m”° 73 SIS 1T 1 3&
AR Bl 0 J5 % e 3 AN IX P IR A A ) A i A RO KR 5L BRI —IA B 5
WA R X 5y iR D B T DX g e i R S I IX (K-35 AGB 430l R 56.93+40.27
g Cm?, 68.95+45.98 g C m™, 56.93+40.27 ¢ C m™>F154.33+42.32 g C m>, BiF—IAE"
T T RO X -2 AGB i3 = T AR X (K2)

I A il 77 i DX ) Bt AGB HLAT 52 24 7K RN B Al Mo A A . B 246 B T
. AGBREJRIETF L) F g iasl, 73 AGB (E RN 71.01£56.78 g C m~?, H
IRAE 35°N~40°N G iy (KEl3a). APHMZAR, BHLEZRL, AGBHERZRIM M O W LY
Mk A e ke, V1) AGB R AK{H K 44.71435.33 ¢ C m™>, i BLAE 80°E~95°E 35 [l 4
(KE3b), BEEMRT R, AGBHSREIIF O] T A Asfitasse, 74K 3000~4000 m
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7 Bl Y -2 AGB K 82.95+52.33 g C m?, 200
T HABEE R (F 3c). 68.59:45.98
IRV K i 5 T X Y AGB %5 8] 4% J=y /2 1501
X358 PN 1) AN DX 1) 255 () A Sy R i 28 TN B
Mo TERIGE—IGE s B B IX, AGB
Fiti & 1 PG ] AR 110 28 B8 B8 i 2 ek /N, A
35°E~50°E 3 [#l 9 19 S ¥ AGB H 91.86
60.80 ¢ C m™”, = T HAMZ RG] (K 3e),
TV 25 445 B Ao B R AR B AR At 3 A 0
fegadh (F3d. 36) . 785 @& 55 5T k S
X, AGB B A PH IR AR I L BERMTTE T . sosheiiaen 1At | friobmiinn: RR5ia, b
WK, 7E 110°E~125°E {u [l N 1973 AGB FOREHULEp < 005 ACT L RHIETFLSD test).
57.19438.67 g C m?, & FHAWLEIEH K2 Bl ARG S AW B S EE: %
(E3h), FELEETT ) FAEE T ) FERE A AR RRERIRIX ;. B SR 5% s irdH 50
PP AR (B 3g. 3i). EHREIR X5 M SEREERITI T: TR EEEEX)
g EEE [Z, AGB %%ﬁﬁ‘jﬁ :“:égﬁ TE E]/‘J ﬂ—"% Fig. 2 Statistical characteristics of AGB in the Eurasian
DL A PG 1] AR 8 B 1) A8 AR AR 2 B R i i v in i A8 fk ke #5 (18135, 3k), i H AGB fifif5 1
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e THAb R = R (B3,
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i EAEYE (AGB) SREZE M LR 2 (A 1Y BRI OC R BRI, KO K i
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AE (R, A&, BEom2m% —omIH58 ik, 337 T AGB 5 MAR,
MAT FIMAP 2585 2%, AKX Gravel, pH. FISOCZHKZE HIEEE LR,

T BEANRIOIY R i 55 J5 8 558 iy i B R R [X, AGB 1925 [A) 4% J&) 5 MAR 25 ] 25 53 27 []
MR RARR I TF [ T A IR eRECE R (Kl 4a, 4g), T RO X2 30k 1 Y
LR (F4y), 78R O 55O X A G A B2 (Kl4d) . A
DRI A i 8 i R 7 9 e A ST DX, AGB 1925 B4 JRy Fiti 5 MAAT 9 T i S 30 e 2 n iy
s (Kb, 4k), eS0T R R X T O ) LA Asfbita s (K 4h), 78R
— MBS R RV IX, I Z BICRANE (Klde) o TR RO B i A 75 i i it
FFEAD X, AGB F%S [8] 4% J5 J2 Bl 5 MAP F 36 i 52 B0 0 & 30 sR B pd A8 ffa 3 (18] 4c,
41), FERBMG—IG T W B RO X2 U LRI ks (B 40), 725 I R T IX
WP e EE mEas (B4,

AGB ZE HIkE R 53R)Z (0~30 cm) T3R0S 2 Rl B BUE e 8B, A~
WAV K Jiti B 5L 1Y AGB 25 [8]4% a1 5 Gravel 2 A AL R (K Sa), HAE3IMNTX R
& I Gravel B9%5 [ 734 X} AGB 78 [R50 A e A3 52 ([B15d. Sg. 5j) o 16 7 e i o
JFAEIX () AGB 5 3% pH Z [B] S 8L FF L1 ) B 4 A8 fbta e (& 5k), A2 A~RROI
KEGw s (F5b) . ME—mE % s i s g0 X (1] Se) FISE g R RO X (& Sh)
W BAHOCHE A 2 . AGB 5 SOC 7E &1 —MA B s WrdH R 5 X 2 M IEAR GO R (B
50), FEREASRROI KRB E R (K Sc) b R FEME X (8] 51) 7 8 i o Ji I X
([ 51) AHCHEAR R
33 M EAMENTEHSGFEMERRTRZENEEXLR
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100+ a
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200 216,58+ 13.36r—0.16d, [P 200 X2
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Fig. 3 The correlations of AGB in the Eurasian steppe to latitude, longitude and elevation

2), HEARRI ARG F R AGB 125 [0] 434 2 2242 F| MAP AUs2 IR, HonT DU st A= 9 i
2348 T 1 24.91%, 34h, MAT. MAR FIZE)Z +3E (0~30 cm) Gravel X AGB )25 [0 43
AT EAT —E R, 4300 AT AR LS (0] 48 119 3.94% . 2.09% . 3.98%., ik 443
B3 R R AL AT LU AGB 25 )28 52 1 35% . X TR KB B R &, H AGB
WA T Z M E &R R URIE N

2
AGB, =84.82+54.69 exp[—O.S(W) J +1.15MAT - 0.0l MAR -

1.163Gravel, R*=0.35, n=199
K AGB, FHEA RO KRl B ry Ay iE s MAP SR RO KBl 50 5 A9 4 S B K i
MAT R RO KBl R A AR MR B8 5 MAR Ry WO R Bt # A AE R FHER S 5 Gravel Rk

(1)
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®1 RIXMERD EEYESHERRZ BREX R

Tab.1 Correlations between AGB and environmental factors in the Eurasian steppe

AGB MAP  MAT MAR Gravel Sand Silt Clay SOC pH
(mm) (C) MJm~a") (%vol) (%wt) (%wt) (%wt) (%wt) (-log(H))
e b WRHAEEL 0457 016 0267 -028"  -0.09 0.07 0.08 -0.01 0.08
iy pOSIAEEY)  0.00  0.02 0.00 0.00 0.19 0.34 0.25 0.88 0.47
FEARSL 199 199 199 199 199 199 199 199 199
Mag—s RIRHERAREL 0547 0.07 -0.04 -0.34 -0.37 0.44 0.13 0.55"  -0.06
B pCBUIELEE)  0.00  0.72 0.85 0.07 0.05 0.06 0.51 0.00 0.59
FRMEX REARL 28 28 28 28 28 28 28 28 28
o BOREREC 0607 0537 -028° 004  -0.18 027 -0.01 037  -0.17
ng;g pOSNEGSS)  0.00  0.00 0.01 0.74 0.11 0.06 0.96 0.08 0.13
AL 85.00  85.00 85.00 85.00 85.00 8500  85.00  85.00 85.00
B FORANEE 0537 017 040"  -0.28 0.17 -029  -0.05 —-0.07 0.38"
QE’ZE% pOSINEESS)  0.00  0.02 0.00 0.89 0.11 0.09 0.65 0.50 0.00
FEAKL 85 85 85 85 85 85 85 85 85

FE: % p <005, ¥ p <001,

WAMEFEREZE (0~30 cm) TIEAIERA S,
FESR—IG B ro W R RO X, AGB 1975 (]34 2232 MAP I SOC B2, 4
A3 AT LI BE AGB 25 (8] 25 53 14 29.65% 1 12.60% , 3 (2 [RI4E 1 AT DL B L Ar Fe 1
42.25%. Xf BIG—W 5 e HrHH A R X 5, AGB S5HEERF2Z A E R R KA RN .
AGB,=-15.35+0.18MAP+28.7550C, R*=0.42, n=28 (2)
K. AGB, A BRI —G 5% e T SN DX () R b A s MAP iz 0 X A B R K
B SOCHIZWIXFEZ (0~30 cm) HIEAA MR S
TESEH M IR R X, AGB 723 [8] 5341 52 2| MAP DL & MAP 5 MAT Z [8) 22 B AR Y
S, AR R DAAR RS AGB 25 [R]85 5 1 35.62% 11 4.49% , % Hh A [l 4E o) DA f R s S
140.11%. X TS E A 5 X 5, AGB 5B F2Z A fE R e Rl IFRIE N
AGB,, =17.95+6.33 exp(0.006MAP) — 0.001 MAP x MAT, R*=0.40, n=85 (3)
R AGB, RS B R EY X A B AR, MAP %X AR K & MAT
SZ X AR
TEF R R RO X, MAP FI 2 3 pH P55 AGB fas 8] 405, 430 ] LU
AGB 75 [0 28 7119 27.93% 1 7.18%, & WAL [R/E I AT LU RS HAR 5519 35.11% 0 X T 78
R X, AGB S5 T2 A2 O Rl LKA N .

219.13 (4)

2
AGB, =-440.32+65.97 exp(—O.S(MAP—S?’z'gz) ] +137.71pH —137.17pH>
R*=0.35,n=85

K. AGB Ry ey G B S D A R b, A=W s MAP RZEIX AR SR8 K &5 pH
FZWIXEKE T (0~30 cm) A pH,

4 g
41 it b A BH = EES

HHEY R RS R GRS . YRR S E S R SR, e
fifp Bl s AR S R SR W M ERAL A AR PR AR PRI, BRI AE Wy s B A R X 7 o o
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Fig. 4 The relationships between AGB in the Eurasian steppe and climatic variables
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Tab.2 Summary of the results obtained from stepwise multiple regressions between AGB and
environmental variables, showing the integrative effects of environmental factors

on the spatial variation of AGB in the Eurasian steppe
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Fig. 6 The spatial distribution of AGB field sites and vegetation type in the east and southeast margins

(elevation < 4800 m) and the surface (elevation > 4800 m) of the Tibetan Plateau
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The spatial pattern of grassland aboveground biomass and
its environmental controls in the Eurasian steppe

JIAO Cuicui"?, YU Guirui', HE Nianpeng', MA Anna', GE Jianping’, HU Zhongmin'
(1. Synthesis Research Center of Chinese Ecosystem Research Network, Key Laboratory of Ecosystem Network
Observation and Modeling, Institute of Geographic Sciences and Natural Resources Research, CAS, Beijing
100101, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China;

3. College of Life Sciences, Beijing Normal University, Beijing 100875, China)

Abstract: In this study, we collected aboveground biomass (AGB) data by the harvesting
method in the Eurasian steppe. We then discussed the spatial pattern of AGB, and correlations
of AGB to its environmental controls by Meta-analysis. Our results mainly indicated that the
spatial distribution of AGB had not only complex horizontal but also vertical zonality in the
Eurasian steppe. Along a latitudinal gradient and an altitudinal gradient, the spatial variation in
AGB was well characterized by an inverted U-shaped quadratic function, while a U-shaped
quadratic function along a longitudinal gradient. In addition, the spatial variation in AGB was
related to mean annual temperature (MAT), mean annual solar radiation (MAR), Gravel content
and pH in topsoil (0-30 cm) of the Eurasian steppe. However, mean annual precipitation (MAP)
could explain the largest proportion of AGB variation of the Eurasian steppe. Finally, the
spatial variation in AGB was well correlated with MAP in a Gaussian function. The main
reason was that vegetation and environment held special characteristics in the Tibetan Plateau.
Keywords: aboveground biomass; spatial pattern; the Eurasian steppe; Quadratic function;
Gaussian function



