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Abstract: Niche-based models ( NM ), which are based on the correlation between species occurrence records and
environmental predictors, have been generally used to project and assess the effects of climate change on species distribution
range. However, most of NMs do not produce consistent prediction results of species distribution, with significant projection
differences in either magnitude or direction of a species range change in response to climate change. One of the

recommended solutions is to use ensembles of forecasts by simulating from more than one set of model training data, model
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techniques, model parameters and environmental scenarios combinations to identify a range of uncertainties. However,
ensemble forecasting is in its infancy in assessing the effects of climate change on species distribution, as little is known
about the sources of variations and its contributions to uncertainties in ensemble forecasting. The objective of this research is
to partition and map uncertainties in ensemble forecasting of species range change under climate change. In our study, the
eight niche-based models ( Random forest, RF; Generalized boosted method, GBT; Generalized linear models, GLM;
Generalized additive models, GAM; Classification tree analysis, CTA; Artificial neural network, ANN; Mixture
discriminant analysis, MDA ; multivariate adaptive regression splines, MARS) and the nine sets of model training dataset
(initial data were randomly divided into two parts: mode training data and testing data) , three global circulation models
(GCM) (MIROC32_medres, JP; CCCMA_CGCM3; CA; BCCR-BCM2.0, NW) and one pessimistic SRES emissions
scenarios ( A2) were used to simulate current potential distribution( Baseline, 1961—1990) and to project future potential
distributions at three time-slices (2010—2039, 2040—2069, 2070—2099 ) of Chinese pine ( Pinus tabulaeformis).
Totally, we obtained 72 predictions for the current distribution and 216 projections for the future distribution ( herein termed
ensemble forecasting). The area under the curve ( AUC) of receiver operator characteristic ( ROC) curve, true skill
statistic (TSS) and Kappa were employed to objectively assess the performance accuracies of model projections. We
developed ClimateChina software to downscale current and future climate data (GCM) and to calculate seasonal and annual
climate variables for specific locations based on latitude, longitude and elevation. We performed a three-way analysis of
variance (ANOVA) to partition the sources of uncertainties for each grid cell, with model training data, model techniques
and GCMs as factor and species occurrence probability as response variable. We then obtained the sum of squares which can
be attributed to training data, model techniques and GCMs and their interactions ( training dataxmodel techniques, GCMsx
training data, model techniques x GCMs, training data x model techniquesx GCMs). Results indicated that RF, GAM,
GBM, GLM and MARS achieved successful performances in simulating the current distribution of Chinese pine with less
sensitive responses to the differences from the 9 set of model training data in comparison to MDA. All projections showed
different changes of the species distribution range in response to climate change. Difference among current predictions
mainly located surrounding area of current distribution of Chinese pine. Differences among the future species distribution
projections would increase with increasing time horizon. The distribution area projections with the great variations would
expand while the distribution area projections with little variations would reduce. Model technique contributed to the largest
variation in projections, but GCM and model training data had little influence on the variability of projections. This practice

would reinforce our understanding of the sources of uncertainties in modeling species distribution under climate change.

Key Words: species distribution modeling; uncertainty; source of variation; climate change; Pinus tabulaeformis
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AT E S

1 #RFFE

| O R VA 1 W €7 S

TIAAZS ] 43 A 50 A 12100 T3 H A AR A B, AR SE 04 R 43 980 8 ke, I DAL AE 42 [ R
JEE 1 X IHbA 2 0] 3 A0 B AT T B A AL 2
1.2 AR e

ARWFFERH 17 ATOAR &, o 7 AR S5 AR 2R U R SRR & R () P ERe A iR
BE(MCMT, C) , P15 H IR (MWMT, C ) , AP 22 (MWMT-MCMT, C ) , F 4 4F [ K & (mm) ,F35 5
BREM(5—9 H,mm), KF5 C BRR, X7 MR ESJE 1961—1990 FELE 30 a FdlE 0 F31E ., [F)
IR T 10 AL s i FHCA N N P FLK & (% ) , T3S 2070 By b FoRS b & i (% )
HJZIEE (em) ,pH {H, AR 1100 J5 H 4581 b4 B (A B8 LS bSO 9 1. 100 4w 1B AR R I8 T
E X A AR R A2 hE VG AR 5 A SR8 o " il Mk R Rb = B Lz )

RS SR I 7 NS 7s 5 MR AT & 19 Climate China A i 44 . Climate China 2 1961 4E %
1990 4F-f) PRISM ™) S48 afF A7 o8 R BE b B, 366 T~ 420 45 3 R TAG4 nT DA B BT 28 007 B AT ZR 40 R A U AE 1
IS TR SR Y AU P A (N S 25 A R B AR AT B I BE ) ol DA i 38 AN L AT AR i AU AR i, TR A
L PRISM 5405 0 8 RURE B AR A il th %o 35 [ A e vt A9 CRUTS2. 119 3 A M8 B Bl b A7 W R, 45 31
1901—2002 4FH H ZE W FUESURAR &, A, BXTJLAS GCM B RS FAh i A ok A5 (2010—2100 4F) 47 1
B RUBE A3 B o o 9 R i 4 I B R o SR R A 0 4 O TR P ) 194 A R o 40 s B o
#47 ClimateChina R | A BT A5 408 109 B RUBE b B ASOR B4 (BR T4 W, AR SO /s PR 45
).

1.3 RSN s 8l

AR TPCC (2007 ) #5511 23 D ARAEHE GCM LRI 3 4> MIROC32 _medres ( HAS) |
CCCMA_CGCM3 (/%K) , BCCR-BCM2. 0 (Bl ) o 7EA SCHY AR AR AL 3% 3 4> GCM B BUAR R
SRES_A2 =AM 7. A2 T AR AW R JRIRAN M, BRI A% AL, PREE X,
SRR BEM RS LS, AR X A= 7 SRR R R S0 2218, S 8O DRREi K MR 7 AR
A8 w43 )& 2010—2039 ,2040—2069 1 2070—2099 FY-F-IIME, Aok A A5 1% 5L At 238 i ClimateChina
BRAFIEA TR ROBE AR 3] 8k 43 HER 8L | LA M Ak 1 3l b 2 [ 43 A B AH DE TR
1.4 UL

AR 8 A EAS A HEATIMAL 24115045 DX A A AEL B AR A 5 T 1 A AR AL A, 31X 8 AR
HAE R A i) BIOMOD #8H S iz fy AN RS 24 18 AR B B8, A SO A B R e P T —
ESH, X8 MBI RE R T
1.4.1 T XZMHAAL (Generalized linear models, GLM)

GLM LRI & & nT AR R AR B AR 06 RS RISt T o A (R, ZE R 58581
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LRME RN 2 e ™ . SN I IEA L, GIM A . GLM AT LUAL BR AR 22 1 1 2 43 A
SR, G oA AN M I A A0S a3 A A X S80S BT H R A5 A R 5 22 e E . GLM
Wi A8 i) LU e MR i AR e R . GLM A A DRl i 5 B B (overdispersion , RIVERCHIE 1) 728 S R T4
TYFTRESR AL AY S S L) TR BE ) GLM e i Bk 2R o 5 i o 208 P P TR (P RS R, B 17 A R ik
PERZR A, 38 0T LABR il 5000 (B A 235 78 i 07 A% dr v REARFE 22 N GLM B A 04 v i T e PRI M (1) 20 R R A
(BT REM RS IE A, 2 mi) . h THE TR KL, RS S X B A3 T 2 5,
BIOMOD FI 3z A6 [l A 5 ik e A it

1.4.2 ] XA (Generalized additive models, GAM)

GAM J& GLM WHESHH €, 5 GLM —+¢ BAT YL [RIRAAE S ] LAARALL 25 ot i 2 Y | A 4% — I0AFITFH AR
53, GAM FIH T GLM R HE A0 XL 5E 1T GLM W2 {15 i 17 1 28 (4 8 R 55 3 B 0t i o el 7 e 5 S50
GAM FIFH— Z 50 118 a4 e ik B 5 Jmy 388 405 0 Bl ok P A — et i th 4 73 R B 1 didis
Xy 1 i 137 RO UL 5 B S TN AR B PR GAM AT Bl 7 Ab JRUBR T 19 2 e P A AN B Ak 3L 1) 2 2 i )3
KA, HREARUZ A o 0728 e X e — D BRATAS B AR (BT TR (T 29 O RT3 T, 1155 ISR AT R i 405 Kidh 1 - ¥
ik 1A o TR 2] — i ik, 25 W45 1A ™ . 5 GLM A2l BIOMOD F| 3% 4 5] )5
ITEEBE AL AR | . BIOMOD M R 9« gam” Wi T GAM 125,

1.4.3 4325RIHM (Classification tree analysis, CTA)

CAT 4241 7 5 [nH AR R LB . 5 GAM ZEA{BL, JoR5 X Tl 248 £ 7 Jiy A48 5 22 a] 79 2 S i ik, w] LA
AR BRI T AR 24 A AR I OC R 2 — AN AR S0, B 3R 2 (AR 8 aed kb o 7 AR k1)
BT, CTA SR FH 1A 53 B A S50 A5 o i o 149 (8038 U P 1) 43 oAy oo o 722 155 W] R ) o 1) 2, L 3 8048 A T
P57 . CTA BT ARG T 10 A, 405 2 9 4 B R BT 4, 40 2R 45 R 7 A — N B — R Y
SANVFZ MY B — AR5 . B REHE b B B A g — NS R T, Skl S
AN AT RE/NA TS 22 0 BT SR S M vl LS e i o S TR ) i 22 (1T AR ) e 2 0 O 1 Al 22 (3
M) o SR RN I A M 25 BRBUR A 52 2 M S B, IR A AN R D 22 /N AL B H B /b Z T P
BIOMOD >R FH A2 SCHHIE 1) 5 AU I B4 5 AN 22 B, BIOMOD i H R H A “rpart” 4T CTA 115,
1.4.4 ANTAHHZMLZE (Articial neural networks, ANN)

BIOMOD 1 ] R HV A “ nnet” £, A 7 45 28 000 265 (8 AR TG, T 1] f 28 P 208 o — T i A5 -5 1) i1 4 G
BB 2R 45 . BIOMOD F] T4 A Bk 2 2 42 1) B 2 R e , PRI LG T 1 28 I 2860 3% 3 S AN RI Y JZ |
AJZ Bz (a2 ) Fid 2, BERE A S R 2Tl O B BT AR A — JE i A s R
AR Ny 2278 R MR R S A B . FS R 25 S | SCERAE [l I pR B 13 L, AT TR Ze e [ml g A6
AR JEEA R BORZ I SEL, I Ry R0, R DO I AT ] pR A . ANN P M = IR T A5
B A B IR ST . ANN BRUGS AT 7 A I 4 SRR AT 158 19 22 5, S DAL O B S D A R 2
e oo iR R R I 2 E A SR TR R E Y
1.4.5 BhE7L (Generalised boosting model, GBM)

GBM J& £ 37 7E H Friedman & W A BEAILES B B HE VL 6 R 10100 GBM 143 26 R Bl vk 45 i 7E T —
B B R — R P T I A ML AR S R . BIA RS IR ASSZ B AR LR P 5l g ke
FEAE B IRAS — RN BIREA T4 JFRH DA T B T — A 859 53 26405 | SR 5 1 3 26 3 S S A T A
B HE AR AR e A  AERXA R R A 3 R A RO R AT RE A —E R R BTG R A
AR AR TR T 550 2R BA R 3R . GBM 38 1k 38 SR I A 1 P4 5% 50 S50 A 38 o A sf i) 4328
R,

1.4.6 ZJCHIENAEZHEPREC (Multivariate adaptive regression splines, MARS)
MARS 75 #:52& i Friedman 5 A, 7T LR G AR 4 F000 25 5 S 8] P4 45 2%, B R TS AL G 2500
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MARS 828 ML 2 1 181 U5 | B 25 sRBSORT — o [B1H 3 BB R AT A, NI A — AN SR Bl AL ] LAk
R ) 7 A5 AR T AR i 2 [R] 2R E AR LR M S R . MARS 3 52 71 Ab B A 7 AT BR 85 AR i 5 Ak i — 25 9 14 A%
i, MARS 8 3k 1 FH — 22 91 (8 2 [0 U= 0 2 AR5 190 3 42 90 T PN AN [ B A 7 i B2 110 27 > A0 3R T4+ 2]
X RS . B, MARS 38 3 1 — ZR AN 6] R 30 A Ze M7 o ST 00 o R B3 28 ke 22 ] g A 2 P i 7 DG
FRAATHE S5 R 2 T 2 BER ARG I X S [ 2 11 22 (8] 2 AH I L

1.4.7 RAFIAHT (Mixture discriminant analysis, MDA )

MDA J&—FhIE TR AR ) W 2205367 2, MDA J2& 35 44 I PR e I R A ), B IR
ARG AR GRS A A5G oA TR G A RS 7 A SRR AN AN 2 a1 . RGO T , HIfR A
P18 e SRR (A 0 A ) RASEAU — S AL SZ BRI KR 22 . MDA Bg 5 1 2 M 51 05 2 i 0 B g, i 026
AL PN [ S B2 (AN, R A1) o MDA DA AR S AE S A 28 HY AR5 70 I 7~ 2R A i S -2 AL (Y
OrREER (IREGHL) ik iR AL IR S AT B, 128 AL A B0 2 e o R R 10 742 e 4
W R i o 2 Sr A B EE A T 03 S I, AT HARE R R/ VR R SR YR8 . BIOMOD i R i mda” 72
JFAEAT MDA #RLETT
1.4.8 BHALFEA (Random forest, RF)

RF Il GBM — £ — R B 285 B HOR Rl 2 —F 4 5 X A 22 T R, REF SdE S A 2550
PLSERE (22 ) A8 B AR Ko S, B AR e B AR RN 238 59 . JF ELAE AR OB A i, B9 Ry
A A AE FEAILIE Hh 0 DB LA R fE rp ™2k B B DRSNS 1ok X0 T 7 1) AL A A iR A < 5 57 Rk
AU, B RF 8 BT e 24 A2 RE B DU IR RS 7= ad BERL A s % K B0 AR AT
R A LIAL SR G A e 7E G AR , 7 A — S AR T I 1) — 158 22 A 1 ( RIVE R AR 22 ) s TEAR K 1L
191 PR A5 Bt 2 Fof (A% S BB R TR AS 85 ) AT SRR ARG BE . REF v 248 28 20 A8 1Y S HIOR 5 31 0 A8
L
1.5 H IO o3 A

HY T TR ] AR B R 5 B i L RIS e A= 5 A T A, Ry SRS AR (Y TR B2, b 2 AR b
AT HE (ORI I A BT + W0 e A8 ) 43 SR S B 4R IR 7 SR RPAS 14 il BEHLIURE , 70% 1Y £
B T HRAR,309% (B0 FH TR RYGGIE . hysht Sl it A5 (P R AR 2K A B3 A B A0 i 22 2% AR S
HLIEHR 70% (HIRIAS A LR s HT T A58, Sy sl Bt AL 6 SO - 2000 I 22 (FT BEAS REAR R A L 52 40 A5 1Y
PPz ia)) | BEALE IR A & AR BE S RR EE AT 3 W, RN, A% R BE AL B A ) b A 2 A B | s 0 )
AR AL 3 W, MR B HEAT T 9 IRBEHL AT BT R, AR 9 BRSO M IEE S . JF HARIEDI 2%
A TN E RS B Wl A i AR i 0 kA B =2 TR ) L Bl AR E Y
1.6 BEAIEIE )y

AR Kappa {H . HEZH 58811 (True skill statistic, TSS) PLAAZWC TAENLRRE TZE T AYTHI AL ( Area
under the curve (AUC) of receiver operator characteristic (ROC) curves ) KPP AL TG FE . T AUC A
ZAL W EL Y ], ELXT R & A% (Prevalence ) ANHUER , BRIIE H AT BEZA AN SR IR A AP M 845, AUC T
AT A o 2L B B, 0. 90—1. 005 4f, 0. 80—0. 90, —fi%, 0. 70—0. 80; 2% ,0. 60—0. 70; 2 1, 0. 50—
0.60,

Kappa {EL% FH 03845 8] 43 A ks Sy AR ) L Kappa B9 T 2248 & — A BER Y Fh Kk A LR 551k
JZITCAH (DR R AEFIAR KA ) | AR SCR A 2l Kappa {ELfie RIS BB fH . Allouche 5582 HY T TSS I 5 J5
2, ERARK T Kappa BIPEAL, XFER T Kappa {EX ) Fh & Az 232 52 B il e nig 7 A 205 4> 55 . Fl Kappa B
— A, TSS EAYTE R E-1 2 1,1 AR MMME AT 58 2 — B, /N T4 T 0 AR T I8 — B, TSS 2
JEE (Sensitivity , ¥ A LB T SEAFCE AR TR0 1) LUAS )RR 57 B ( Specificity , PIFAS & Ak DR E B F5000 14 LG 451 ) 1
PR R 5 ZAE R A A MR AL —JTMH . Kappa {ERT TSS MPFARARIE R B ds, 1. 0—0. 85 1R
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216 1~(9 EHEBH IS MEAIF AR X3 A~ GCM) T s A 22/ T30 F5UAk $0 Fh BE A% 75 1 b 3 B (M8 T A A7
P FIORG BE#R R : AUC > 0.7, TSS Hll Kappa > 0.4) , [AB XA RIS AL 22 (8] (bR i 22 61 7115
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TETE P AR B 31 2 A-5E e PR 3R (CEREER s RIS RIS Y ) | DR bR R DR 28 2290k
2 GRS
2.1 BRI B

FEXT 8 LAV 9 AR EE L 1Y 72 AL SISk AUC | TSS Fll Kappa {EAG S0 B8 FOMORG B2, AR
PR R RNV S, & A ST 1 4 TR 22 B0 Y TN RS AR Ak A 4 K F (AUC > 0.9, TSS il Kappa >
0.85)(El 1, # 1), {Hilik MDA HE7 Y 9 A5 AL TR A7 705K 0 22 5, B 38 H B A 2 e 1) L 42
(AUC < 0.6, TSS il Kappa < 0.4) (&1, 1), AN, ANN M 8 £ A AEHE 37 AR 2 [a] T30S B
LS (E L, F2 1), MASRHE RF .CTA .GAM .GBM ,GLM F1 MARS H4 A [7] 14 G A B i e 7 455 750 L 15
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Table 1 Mean and coefficient of variationof model predictive accuracy for 9 set of model training data

ANN CTA GAM GBM GLM MARS MDA RF

Kappa FH)E 0.69 0.89 0.88 0.90 0.87 0.88 0.40 0.94
5 5 R 0.19 0.03 0.02 0.03 0.03 0.02 0.88 0.01

TSS FH)E 0.81 0.93 0.93 0.94 0.93 0.92 0.54 0.96
5 R AL 0.09 0.01 0.02 0.01 0.02 0.02 0.64 0.01

AUC T 0.94 0.98 0.99 0.99 0.99 0.99 0.75 1.00
5 R AL 0.04 0.01 0.00 0.00 0.00 0.00 0.30 0.00

AUC ., TSS,ANN .CTA .GAM ,GBM ,GLM ,MARS ,MAD #1 RF L& 1

2.2 MAATEAE S A X AR AR AL

872 BRI AUC {5/NTF 0.6, TSS Fl Kappa /NT 0. 4 AURERUIIER 5 | MR TR A3 A4 67 BB RL 43 51 33 )
TS M TEAE ST, LA AR 3 R TR] GOM 15 N T TE 0 A . TS 2 Y B 72 o0 fi iR [ 67 £ ¢
A 3 IR B AR B R B AR £ 201 EARRIMANELE S A R BN K], SRR e h — o, o
591 L A L 214 iy TSR A SRR A o A TG R, 2 AR [ ASS A5 1000 F il A8 43 A X T R AR AF e — B 25 5 (B 2)
A 3 A LB LA T FRAR AL A AR AR EIAR AL, [RT 2 3% W 4 K 22 0008 8 330 0 ik 4% 43 A DX T AR ik 2>
(0—50% ) , At A7 843 A5 70 T 0 Jph A2 T AR B85 I, 6 238 iy bR AR (3. 5—6 %) &

HEGAR IS 1 0430 BEAE 25 0] L iE A7 280, 45 310 24 R A A ) [] B A WA B G rh S AR g 0000 3 B0 7 U
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DX, U HIR A A LU AL R 1 FAE A TLAR8E O T 86 K 1Lyt DTS HE BB ARG Jon , HL S2 BRI TE AR 4341 5 75 780 =
VAR ZRIAR 0% LA K e v e 8 Dt A S B0 S WA 384 00 5 a2 A DX rp st DX, BIRAT L =B 22 1 =%
B L 0] 3 DA MR ) BRI SR 45 s, A B8 70 A1 DX B L i Bk XOLF- B84k, 28 08 — R B 1 DX A Jih A
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DR

2.3 REKBFAESFITE
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Fig. 2 Species range change ( %) for Chinese pine in future 3 time periods
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Fig. 5 Proportion of the total sum of squares accounted for by SDM, GCM, split-sample ( model training data) and the interaction

between these factors for current distribution ( the first row) and future distributions ( the last four rows)

http ; //www. ecologica. cn



5760 A E = 314

BRAE: , (EE R A [R) B R | LA [R) PR 19 5 2 [ B — R vh 7 58 S — PP PRSP TT 28 AR AR 2274
A AR (RS T, 6T 204 T0I T T LA S R A AS 000 g R e ) BRI TR X AR 22 1) ) e 3 A A
TULL K GOM BB R FHZH T 75 v K2 H T o AL 52 ) — D B 283
ARSI F ], 363 S AT i P o o A AU R B AN E V2 0 BEAT T 0 RIS 1A, R EEA5E X
BEAIL I3 H) o A 5 BB BN SR AN a7 A 22 5 (H AR /0847 (CTA GLM GAM ,GBM MARS | RF ) XJ %%
P BENL o B BOE AU AR B AR , A R AR AR USR] B9 GOM et s, 2 S B R T 45
FAEATE BRI, SR FILEL5 N 5 vk 4845 RIS 7 PR IR A5 AE— R HEAT 7007 5 R A S 0 49
Tl oA fre RS ELERARAEE A T5 05 o DU 22 ] B 22 S PR AN e P ) DT RRIZE 8 R T GO AR B FIASE L 1| 2
R Z 92255, BERIAS By ANTR] AL R ARFAIE LS CHCAS B 7 B0 10 o 5 A v (9 A8 28 S BR A2 3 BTt 45 R A7
TEZE S B IRIN IR RS Wi o A AU 5 Hp 2 B A O AR T A TN iE 0, A B TR ) SMERE T

References :

[ 1] Guisan A, Zimmermann N E. Predictive habitat distribution models in ecology. Ecological Modeling, 2000, 135(2/3) ; 147-186.

[ 2] ElithJ, Graham C H, Anderson R P, Dudik M, Ferrier S, Guisan A, Hijmans R J, Huettmann F, Leathwick J R, Lehmann A, Li J, Lohmann L
G, Loiselle B A, Manion G, Moritz C, Nakamura M, Nakazawa Y, Overton J M, Peterson A T, Phillips S J, Richardson K, Scachetti-Pereira R,
Schapire R E, Soberén J, Williams S, Wisz M S, Zimmermann N E. Novel methods improve prediction of species’ distributions from occurrence
data. Ecography, 2006, 29(2) . 129-151.

[ 3] Lawler ] J, White D, Neilson R P, Blaustein A R. Predicting climate-induced range shifts: model differences and model reliability. Global Change
Biology, 2006, 12(8) : 1568-1584.

[ 4] Buisson L, Thuiller W, Casajus N, Lek S, Grenouillet G. Uncertainty in ensemble forecasting of species distribution. Global Change Biology,
2009, 16(4) : 1145-1157.

[ 5] Prasad A M, Iverson L R, Liaw A. Newer classification and regression tree techniques: Bagging and Random forests for ecological prediction.
Ecosystems, 2006, 9(2) ; 181-199.

[6] WiszM S, Hijmans R J, Li J, Peterson A T, Graham C H, Guisan A. Effects of sample size on the performance of species distribution models.
Diversity and Distributions, 2008, 14(5) . 763-773.

[7] XuDY, Yan H. A study of the impacts of climate change on the geographic distribution of Pinus koraiensis in China. Environment International ,
2001, 27(2/3) : 201-205.

[ 8] Thuiller W. BIOMOD-optimizing predictions of species distributions and projecting potential future shifts under global change. Global Change
Biology, 2003, 9(10) : 1353-1362.

[ 9] Dormann C F, Purschke O, Marquez ] R G, Lautenbach S, Schroder B. Components of uncertainty in species distribution analysis: a case study of
the Great Grey Shrike. Ecology, 2008, 89(12) . 3371-3386.

[10] Aradjo M B, New M. Ensemble forecasting of species distributions. Trends in Ecology and Evolution, 2007, 22(1) ; 42-47.

[11] Guo H, Wang B, Ma X Q, Zhao G D, Li S N. Evaluation of ecosystem services of Chinese pine forests in China. Science in China Series C: Life
Sciences, 2008, 51(7) : 662-670.

[12] Compiling Committee of Vegetation Maps of 1:1,000,000 in China. Atlas of Vegetation Maps of 1:1,000,000 in China. Beijing: Science
Press, 2001.

[13] Daly C, Gibson W P, Taylor G H, Johnson G L, Pasteris P. A knowledge-based approach to the statistical mapping of climate. Climate Research,
2002, 22(2): 99-113.

[14] Wang T, Hamann A, Spittlehouse D L, Aitken S N. Development of scale-free climate data for western Canada for use in resource management.
International Journal of Climatology, 2006, 26(3) : 383-397.

[15] Mitchell T D, Jones P D. An improved method of constructing a database of monthly climate observations and associated high-resolution grids.
International Journal of Climatology, 2005, 25(6) : 693-712.

[16] Nakicenovi¢ N, Davidson O, Davis G, Griibler A, Kram T, La Rovere E L, Metz B, Morita T, Pepper W, Pitcher H, Sankovski A, Shukla P,
Swart R, Watson R, Dadi Z. IPCC Special Report Emissions Scenarios. Cambridge: Cambridge University Press, 2000.

[17] Thuiller W, Lafourcade B. BIOMOD: species/climate modelling functions. R package version 1. 1-3/r131. http://R-Forge. R-project. org/
projects/biomod/, 2010.

[18] McCullagh P, Nelder J A. Generalized Linear Models. Chapman and Hall/CRC, 1999.

[19] Guisan A, Edwards T C Jr, Hastie T. Generalized linear and generalized additive models in studies of species distributions; setting the scene.

Ecological modeling, 2002, 157(2/3) ; 89-100.

] Hastie T J, Tibshirani R J. Generalized Additive Models. London: Chapman and Hall/CRC, 1990.

] Breiman L, Friedman J H, Olshen R A, Stone C J. Classification and Regression Trees. Pacific Grove: Wadsworth, 1984.

[22] Lek S, Guégan J F. Artificial neural networks as a tool in ecological modelling, an introduction. Ecological Modelling, 1999, 120(2/3) ;. 65-73.

1 Friedman J H. Greedy function approximation; a gradient boosting machine. The Annals of Statistics, 2001, 29(5) ; 1189-1232.

http ; //www. ecologica. cn



19 4 TRTE AR USRS Ao o A S M AAEL P AN E P2 5370 45 ) PR —— LA A S 151 5761

[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]

[34]
[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]
[44]

Elith J, Leathwick J R, Hastie T. A working guide to boosted regression trees. Journal of Animal Ecology, 2008, 77(4) . 802-813.

Friedman J H. Multivariate adaptive regression splines. The Annals of Statistics, 1991, 19(1); 1-67.

Hastie T, Tibshirani R. Discriminant analysis by Gaussian mixtures. Journal of the Royal Statistical Society Series B: Methodological, 1996, 58
(1) 155-176.

Hastie T, Tibshirani R. S Archive: (mda). StatLib. http://lib. stat. cmu. edu/S/, 1996.

Breiman L. Random forests. Machine Learning, 2001, 45(1) ; 5-32.

King G, Zeng L. Logistic regression in rare events data. Political Analysis, 2001, 9(2) : 137-163.

Fielding A H, Bell J F. A review of methods for the assessment of prediction errors in conservation presence/absence models. Environmental
Conservation, 1997, 24 (1) : 38-49.

Swets J A. Measuring the accuracy of diagnostic systems. Science, 1988, 240(4857) : 1285-1293.

Cohen J. A coefficient of agreement for nominal scales. Educational and Psychological Measurement, 1960, 20(1) : 37-46.

Allouche O, Tsoar A, Kadmon R. Assessing the accuracy of species distribution models: prevalence, kappa and the true skill statistic (TSS).
Journal of Applied Ecology, 2006, 43(6) . 1223-1232.

Monserud R A, Leemans R. Comparing global vegetation maps with the Kappa statistic. Ecological Modelling, 1992, 62(4) . 275-293.
Diniz-Filho J] A F, Bini L M, Rangel T F', Loyola R D, Hof C, Nogués-Bravo D, Aratijo M B. Partitioning and mapping uncertainties in ensembles
of forecasts of species turnover under climate change. Ecography, 2009, 32(6) : 897-906.

XuD Y, Guo QS, Yan H. A Study on the Impacts of Climate Change on Forests in China. Beijing: China Scientific and Technical Press, 1997.
Shao H, Tian J Q, Guo K, Sun J X. Effects of sample size and species traits on performance of bioclim in predicting geographical distribution of
tree species— a case study with 12 deciduous Quercus species indigenous to China. Chinese Journal of Plant Ecology, 2009, 33(5) : 870-877.
Shen Z H, Zhao J. Prediction of the spatial patterns of species richness based on the plant-topography relationship: an application of GAMs
approach. Acta Ecologica Sinica, 2007, 27(3) : 953-963.

Beaumont L J, Hughes L, Pitman A J. Why is the choice of future climate scenarios for species distribution modelling important? Ecology Letters,
2008, 11(11): 1135-1146.

Wu J G, Lii J J. Potential effects of climate change on the distribution of Dove trees ( Davidia Involucrata Baill) in China. Research of
Environmental Sciences, 2009, 22(12); 1371-1381.

Guo Q S, Xu DY, Yan H. A study on the impacts of climate change on the distribution of Pinus tabulaeformis in China. Scientia Silvae Sinicae,
1995, 31(5) : 393-402.

Pearson R G, Dawson T P. Predicting the impacts of climate change on the distribution of species: are bioclimate envelope models useful? Global
Ecology and Biogeography, 2003, 12(5) . 361-371.

Thuiller W. Patterns and uncertainties of species’ range shifts under climate change. Global Change Biology, 2004, 10(12) : 2020-2027.
Clemen R T. Combining forecasts: a review and annotated bibliography. International Journal of Forecasting, 1989, 5(4) . 559-583.

S 30k

[11]
[12]
[36]
[37]

[38]
[40]
[41]

gk, Fi ) Dimar, &R, 07 R ENIA AR SRS TIRE L. T ERNE C . B AR, 2008, 38(6) - 565-572.
tpE R B E 1,100 T RERE R AR ZE 4. 1.100 R EAE S AR, dbat. Bl it 2001.
WABR, FIROK, Ek SRR Th RGP, AU, T ERRER R B R, 1997.

HREE, WA, FIEE, PVEHT. MRS A FERIEXT BIOCLIM A5 AU A L1 49 ol 43 473 10 B2 1) 5% il
). M A 2SR, 2009, 33(5) ; 870-877.

Wi, BR. EFAEY- MY 5 R N PR 3 & B 2 RS )R T ——CAMs B2 1 —FP L. B4, 2007, 27(3) : 953-963.
RAE, AR SRR A I L. SRR EIEST, 2009, 22(12) ¢ 1371-1381.

FRIK, BRAERL, AL SRR AT B A R RIS MO AR 1995, 31(5) ¢ 393-402.

VL 12 A [ 45 75 AR B

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.31,No.19 October,2011( Semimonthly )
CONTENTS

Ecology research and its effects on social development in China «««srsrrerererersrarariririrneirieieiiieitiiatiiiieeeee. LI Wenhua (5421)
The current mission of ecology-advancing under the situation of chaos and innovation =~ =e=eseseeerererererereeeees JIANG Youxu (5429)
Resilience thinking: development of ecological coneept ++++«++++ssssssseermsesanuisiiiit it PENG Shaolin (5433)
A review of research progress and future prospective of forest soil carbon stock and soil carbon process in China = =roeseeeeerreeereeeenes
................................................................................................ LIU Shirong, WANG Hui, LUAN Junwei (5437)
Research on carbon budget and carbon cycle of terrestrial ecosystems in regional scale: a review — serosseereseserenereenereeieaieenne.
.......................................................................................... YU Guirui, FANG Huajun, FU Yuling, et al (5449)
Advances in the studying of the relationship between landscape pattern and river water quality at the watershed scale =~ +-+-rreevreeeeees
................................................................................................... LIU Lijuan, LI Xiaoyu, HE Xingyuan (5460)
Research on the protection of Davidia involucrata populations, a rare and endangered plant endemic to China = =+rseeeeereererereeeeeees
.................................................................................................................. CHEN Yan, SU Zhixian (5466)
Progress on water resources input-output analysis «+ecorseserersrrseeiaeiiieiiiiinen. XIAO Qiang, HU Dan, GUO Zhen,et al (5475)
Research advances of contraception control of rodent pest in China -+ LIU Hanwu, WANG Rongxin, ZHANG Fengqin, et al (5484 )
Response of vegetation to climate change and human activity based on NDVI in the Three-River Headwaters region = +-+-c-ereceeeeeeeeees
......................................................................................................... LI Huixia, LIU Guohua,FU Bojie (5495)
Remediation of blowout pits by clonal plants in Mu Us Sandland =~ +++-crreeerrerererereeeereeeeenes YE Xuehua, DONG Ming (5505)
Precipitation trends during 1961—2010 in the Loess Plateau region of China —«««=-s+s=ssssseessssemnusmaiiiieiii
.................................................................................... WANG Qixiang, FAN Xiaohui, WANG Mengben (5512)
An evaluation method for forest resources sustainability ««+c=esecoreereeeeeeeaeees CUI Guofa, XING Shaohua, JI Wenyuan, et al (5524)
Effects of landscape patterns on soil and water loss in the hilly area of loess plateau in China: landscape-level and comparison
At IULESCALE *+# v+ v vvrerereenrsesanenenetenetetetetetetetetataseresaeenaneserarneasnnns WANG Jiping, YANG Lei, WEI Wei, et al (5531)
The impacts of future climatic change on agricultures and eco-environment of Loess Plateau in next decade — =+erorrrrererreerrereeeees
................................................................................................ E Youhao, SHI Qian,MA Yuping, et al (5542)
Valuation of ecological capital in Shandong coastal waters: standing stock value of biological resources =+=wrerorrererrrreeeercereeeene.
.......................................................................................... DU Guoying, CHEN Shang, XIA Tao, et al (5553)
Valuation of ecological capital in Shandong coastal waters: provisioning service value =+rorrererserrrererrererreniriiieiiieeeenes
............................................................................................. WANG Min, CHEN Shang, XIA Tao, et al (5561)
The dynamics of the structure and plant species diversity of evergreen broadleaved forests in Damingshan National Nature Reserve
after a severe ice storm damage in 2008, China «+-+-coereeerreeeeees ZHU Hongguang, LI Yanqun, WEN Yuanguang, et al (5571)
Interactive effects of low phosphorus and drought stress on dry matter accumulation and phosphorus efficiency of soybean plants ------

....................................................................................... QIAO Zhen]lang, CAI Kunzheng s LUO Shlmmg (5578)

The eco-efficiency evaluation of the model city for environmental protection in China —=r-esererrrrererrrarererrrrerrieirciineeeee
.......................................................................................... YIN Ke, WANG Rusong, YAO Liang, et al (5588)
Pollution footprint and its application in regional water pollution pressure assessment; a case study of Huzhou City in the
upstream of Taihu Lake Watershed — -vor-eveeerreermeemereeeeeeeees JTAO Wenjun, MIN Qingwen, CHENG Shengkui, et al (5599)
Ecological effect of green space of Shanghai in different spatial scales in past 20 years -+« c=csetorsererareeeaearrenertitiaeiaieee.e.
................................................................................. LING Huanran, WANG Wei, FAN Zhengqiu, et al (5607)

Assessing indicators of eco-mobility in the scale of urban communities -++ DAI Xin, ZHOU Chuanbin, WANG Rusong, et al (5616)
Spatial structure of urban ecological land and its dynamic development of ecosystem services: a case study in Changzhou City,
CREIA  ++veeererermerroernestn et e et e et et et e et e et et e et e e e et e et e e ean e et eeaes LI Feng, YE Yaping, SONG Bowen, et al (5623)
The carbon emissions embodied in Chinese household consumption by the driving factors =+ «=eseeererrerareeearrerrarreaeareiirieeeen.
................................................................................................ YAO Liang, LIU Jingru, WANG Rusong (5632)
The research on eco-efficiency and canbon reduction of recycling coal mining solid wastes: a case study of Huaibei City, China ------
.................................................................................... ZHANG Haitao, WANG Rusong, HU Dan, et al (5638)
Effects of urban shading on photosynthesis of Euonymus japonicas <+=-+-<=r+=r=roeeeee YU Yingying, HU Dan, GUO Erhui,et al (5646)



Ecological view of traditional rural settlements: a case study in Yonghan of Guangdong Province «+-«=rxerrerrrrrrerrerrecaereeeenne.
............................................................................................. JIANG Xueling, YAN Lijiao, HOU Deqian (5654)
The altitudinal pattern of insect species richness in the Three Gorge Reservoir Region of the Yangtze River: effects of land cover,
climate and sampling effort ««++s++=+++sesessmeeemute e LIU Ye, SHEN Zehao (5663)
Spatial-temporal patterns of fishing grounds and resource of Chilean jack mackerel ( Trachurus murphyi) in the Southeast Pacific
OJGEALL *+++ " s errrerenrnsenernset ettt et et et ettt ea et aas HUA Chengjun, ZHANG Heng, FAN Wei (5676)
Impacts of Ambrosia artemisiifolia invasion on community structure of soil meso- and micro- fauna «oreereeerresrrrareiniii
................................................................................. XIE Junfang, QUAN Guoming, ZHANG Jiaen, et al (5682)
Appearance in Spring and disappearance in autumn Of BemL\\La zabaci ln China ..................................................................
.......................................................................................... CHEN Chunli, ZHI Junrui, GE Feng, et al (5691)
Water use strategies of Malus toringoides and its accompanying plant species Berberis aemulans —+=c=t-rovorororocecacacacaracacitaeieceee.

................................................................................................... XU ang s WANG Halylng s LIU Shlrong (5702 )

................................................................................. WANG Chao’ HUANG Qunbin s YANG Zh]]]e, et a] (57] 1 )
Eco-toxicological effects of four herbicides on typical aquatic snail Pomacea canaliculata and Crown conchs — «=c+exvoesreeerrenerecnenes
.......................................................................................... ZHAO Lan s LUO Shlmlng s LI Huashou s et al (5720)
Effects of short-term cold-air outbreak on soil respiration and its components of subtropical urban green spaces ««+-+=esrsrerreceereeeenes
............................................................................................. Ll leo s ZENG Wenjing s Ll Jinquan s et al (5728 )
Effects of landscape pattern on watershed soil erosion and sediment delivery in hilly and gully region of the Loess Plateau of China.
patch class-level «reesreeersrreenie e WANG Jiping, YANG Lei, WEI Wei, et al (5739)
Partitioning and mapping the sources of variations in the ensemble forecasting of species distribution under climate change: a
case study of Pinus tabulaeformis —«=c+erovserrearsrsaearseneaieiaeeenes ZHANG Lei, LIU Shirong, SUN Pengsen, et al (5749)
Relationship between masson pine tree-ring width and NDVI in North Subtropical Region — =correeerrererrereneieieneiieneiiiiiiniieenee.
................................................................................. WANG Ruili, CHENG Ruimei, XIAO Wenfa, et al (5762)
Effects of species composition on canopy rainfall storage capacity in an alpine meadow, China — rorererrersrreserrnieiiiie.
.......................................................................................... YU Kailiang, CHEN Ning, YU Sisheng, et al (5771)
Dynamics of soil water conservation during the degradation process of the Zoigé Alpine Wetland «+«+erereeerereererereeeeeereneneinieieeee.
........................................................................... XIONG Yuanqing’ WU Peng—fei’ ZHANG Hongzhi’ et al (5780)
Soil urease activity during different vegetation successions in karst peak-cluster depression area of northwest Guangxi, China =~ -+-+-+-+-
.................................................................................... LIU Shujuan’ ZHANG Wei, WANG Kelin’ et al (5789)
Analysis the effect of region impacting on the biomass of domestic Masson pine using mixed model «=r+ersorrrrererrrereeneeereeeenne.
....................................................................................... FU Liyong, ZENG Weisheng, TANG Shouzheng (5797)
Influence of fire on a Pinus massoniana soil in a karst mountain area at the center of Guizhou Province, China +=:«sssrerererereeseeenees
.......................................................................................... ZHANG Xi, ZHU Jun, CUI Yingchun, et al (5809)
The growth and distrubution of Platycladus orientalis Seed-base seedling root in different culture periods «=+r-erererrrrererrecarrerareenees
.................................................................................... YANG Xitian, DONG Nalin, YAN Dongfeng, et al (5818)
Effects of complex pollution of CTAB and Cd** on the growth of Chinese sweetgum seedlings —+++«««sseeeesssererni
.......................................................................................... ZHANG Qin, XUE Jianhui, LIU Chenggang (5824)
The influence of volatiles of three invasive plants on the roots of upland rice seedlings =«+etreerererrrrreereneiriririiiiiiieiiiiiine.
................................................................................. ZHANG Fengjuan, XU Xingyou, GUO Aiying, et al (5832)
Age structure and regeneration strategy of the dominant species in a Castanopsis carlesii-Schima superba forest — =+xsssrasereracacecacees
...................................................................................................... SONG Kun,SUN Wen, DA Liangjun (5839)
A study on application of hepatic microsomal CYP1A biomarkers from Sebastiscus marmoratus to monitoring oil pollution in Xiamen
WALETS  t et s rreeesereenteatuteetttueeteteteesetteacasscaasstetecassttesatnes ZHANG Yusheng, ZHENG Ronghui s CHEN angfu (5851 )
The method of measuring energy flowgpandpin ecological networks by input-output flow analysis —=r=ereeorrererserereereaerercnirieenen.

............................................................................................. LI Zhong(:ai, XI Xudong, GAO Qin’ et al (5860)



2009 £ E AR S5 55K 200 E BT 10 ZHAF*
(5T 2010 4EHR CSTPCD B )

Hey Wi S Bk Hy W19 R [N
Order Journal Total citation Order Journal Impact factor
1 ERFER 11764 1 ERER 1.812
2 o A 524 9430 2 T A2 1.771
3 TP 2R 4384 3 N A A2 1.733
4 [iE|dib7 i 4177 4 G/ EA =S 1.553
5 HERFERE 4048 5 HERFERE 1.396
6 L7/l seE i SR 3362 6 [iiEdi:t7/E=22ir 0.986
T morooy IV 3327 7 s 0.894
8 MOLECULAR PLANT 1788 8 CELL RESEARCH 0.873
9 IKEE AWk 1773 9 FHP - 0.841
10 wR R 1667 10 HYHEFE 0.809

* (LEZAAR) 2009 AFERLO AN 1964 FRHEWTIHET B80S IR 11764 0, £EHER S 1; A
T 1812, £ EHERE 14,55 19 JmiELE 9 AR E A A AT ob BEDRG SRS

wEEHEME flais BiTéREE XIKE B %
4 & % Wk ACTA ECOLOGICA SINICA

(SHENGTAI XUEBAO)

CEATI 1981 453 7 B1F) (Semimonthly, Started in 1981)

F31E F19W (2011410 A) Vol. 31 No.19 2011
% L= ({ﬁgi&%%&)}éﬁiﬁﬁﬁ Edited by Editorial board of
Sk - JEHTGE DOULS 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬂéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
HLi : (010)62941099 Tel ; (010)62941099

www. ecologica. cn .
. www. ecologica. cn
shengtaixuebao@ rcees. ac. cn

Bk o ' iq,cl‘]engtraixue})a()@ rcees. ac. cn
* i E R AR S Editor-in-chief FENG Zong-Wei
I EAEAREEE S Supervised by China Association for Science and Technology
cp R RS2 e A A PR BF ST 0 Sponsored by Ecological Society of China
Motk . b 50 E R K 18 & Research Center for Eco-environmental Sciences, CAS
M L 4w i - 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
H R 4 & & I3 it Published by Science Press
Hihk . b AR IR ILHT 16 5 Add ;16 Donghuangchenggen North Street,
MR w65 . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China A S—
Hitik . AR FEIAR AL 16 5 Distributed by Science Press gz —_——
EHKB[Q’?H&% :100717 Add 16 Donghuangchenggen North o =
Eﬁﬁ'ﬁ 31(910>6;‘g34563 Street, Beijing 100717 , China L ===
-mail ; journal @ cspg. net Tel: (010)64034563 o —_;
Y i N e O\
2l . iﬂ"@ é.%i@ KE\] B 4 N = E-mail ; journal @ cspg. net E — O
Esh&eT  HEERE SRS S 0
HiE . L ET 399 fﬁ_ﬁgﬁ Domestic All Local Post Offices in China = —
Hmﬂéﬁﬁ% .100044 Foreign China International Book Trading 8 =S
‘ e
IEgE N o - Corporation i
o gE OO LT 8013 Add:P. 0. Box 399 Beijing 100044, China o
ISSN 1000-0933 - N — —
N A0 ERSIMAF LT ENEAERS 82-7 B ZITRS M670 E M 70.00 T

CN 11-2031/Q



	1.pdf
	fm.pdf
	zhong ml.pdf

	stxb201102270232.pdf
	3.pdf
	ying ml.pdf
	19fd.pdf


