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Modeling the effects of topography on the spatial distribution of secondary species

in a small watershed in the Gully region on the Loess Plateau, China

WANG Shengping' , ZHANG Zhigiang” * , ZHANG Jianjun** , ZHU Jinzhao>* , GUO Junting’, TANG Yin®

1 Sino-Canada Research Academy of Energy and Environmental Studies, North-China Electric Power University, Beijing 102206, China

2 Key Laboratory of Soil and Water Conservation and Desertification Combating , Minisiry of Education, Beijing Forestry University, Beijing 100083, China
3 National Field Research Station of Forest Ecosystem, Jixian 042200, China

Abstract; It is important to study how secondary species responds to topography-induced environmental changes and to
identify dominant topographic factors that affect the spatial distribution of secondary species. The basic information is
essential for prioritizing ecological restoration area.

By using the GRASP utilities of SPLUS2000, we developed the GAM model for each secondary species of Caijiachuan
watershed on the basis of the topographic variables that was calculated by using both spatial analysis packages of ArcGIS9.
2 and the TauDEM. The topographic indexes included elevation, aspect, slope, plan curvature, slope position index
(SPI), wetness index ( TWI), and specific catchment area ( SCA). The vegetation information for thirteen selected
secondary species was extracted from Quickbird imageries. To establish the GAM models, we used 1 to represent the
presence of each specific species, and 0 to represent the absence. Generally, a total of 3927 sample points recording both
topographic information and the corresponding vegetation information were employed to build the GAM models of the specific
species. The results show that most of the established models performed well, with the AUC values being higher than 0. 7.
Moreover, the models were stable as the AUC values were similar between the validation and the cross-validation test. In

spite of the small difference in the form of GAM models between the herbaceous species and shrub species, both elevation
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and aspect were influential in controlling spatial distributions of the secondary species. The spatial distribution of the
secondary species generally follows the spatial pattern of the water availability, showing a higher probability of the
occurrence of specific species on the shady slopes and lower elevation area. Due to the effect of large-scale topographic
variables such as the elevation, both specific catchment area (SCA) and wetness index ( TWI) that reflects micro-scale had
less influence on the spatial distribution of the species. Slope was considered as the least importance. We conclude that
vegetation restoration in the Loess area should follow the spatial distributions of secondary species and take into account the
spatial variability of water availability. According to the potential of the topographic variables in affecting the spatial
distribution of vegetation, both elevation and aspect should be considered as the principle factors in identifying the target
area for vegetation construction and in site suitability assessment. Both specific catchment area (SCA) and wetness index

(TWI) should be considered as the secondary factors, whereas slope should be considered as the last factor.
Key Words: GAM; topographic variables; spatial distribution; secondary species
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2004 4F 5 A 12004 4F 10 A Z 11 A BUt AR R A AT HE . BF 50 H 4 M2 5 M4 o0 A il 130 (ARG BE T 3
87% . QuickBird Z= [H] 73 HF R & AP B GN 0. 61m, N B R b T T 20 B AR KA AR B, iR s
ISR T /NI PP L 2 A B AR BE S o D> A TP, SRR A b 114 AL
AR S LS T 3 FRI 2% DR BT BORIALSE 10 RAMEY M iR B . B fE RIREGE
TRANT K LA Bl s 18] 20 A R B R 55 38 G B , A% B0 25m x 25m, L 1 #0110 73 FIE s~ A& s .0
SRS AESR B 5 LA 100m Sy [E] B, A= BTSN 2R 8 r S 25008 5 5 A Al ) R 5 B o2 0 11 2
5 _ERYRh o A R B R B, 558 A AL AL X I A e s ) A R P F O, SRR N
3927 A AL EHRE B , £ WAL A0 R A FIAE YR AR B AT AE BRI SR A5 S, , 09 GRASP D53t ¥4 Wil
R R, K1 NEWFIRBUERICR,
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Table 1 Info on the selected species for GRASP analysis of Caijiachuan catchment

ot Specin e A L
Presence ~ Absence  Species Presence Absence

145 Populus davidiana 653 3274 LM Quercus liaotungensis Koidz 1790 2137
258 Koelreuteria paniculata Laxm 100 3827 YLK Hippophae rhamnoides Linn 687 3240
4% Vitex negundo var. heterophylla 361 3566 [T Ostryopsis davidiana Decaisne 1386 2541
A Cotinus coggygris var. cinered 1691 2236 BB Rosa xanthina Lindl. 1592 2335
T % Syringa oblata 733 3194 BT Lespedeza bicolor Turcz 294 3633
FFH0 Periploca sepium Bunge 143 3784 ZEER % Spiraea salicifolia L. 378 3549
24T Rubus corchorifolius L. f. 31 3896

1.3.2 WEHETF

BRI B - ThD 32 3k 1] LAS , BF 5[] ik s B agt o2 46 % ( SPI) | 3t T4 B 48 B0 ( TWT) LA K B8 5 10K Th
FR(SCA) FEy GAM 3 Hr TR AS & . Forb , T BE RS HOF LA R 7S 18 e 7K 0 444 T 28 37 it X 19 25 [|] 43
A AT R 2O T g T G A T T B T I K TR U S e T AR BT e R AR R
B IR THTE K 1645 , DT 1] S B &M% B TS 7E 33K 43 S M FROK SCAR A BOB RS . BREE
1) LA B V- ThG R T R B3R A AreGIS9. 2 =3 [B] 43 T BB ( Spatial analysis ) B T HiH 4% 85Ty 25m x
25m §iiisk DEM $25, 31 AHEAbst 7 B EHRoE R A6 ARdb AR AR B PR PG P L. BEfids
AN TR BE 46 8K H] Topographic Position Index BEHSRH , K8 R AR 5K 22 4047 , B SRR BUR 40 B4, T
B, ik, ByE, IG5 2K TR SE VL K E AR (SCA) AR 3 TauDEM £ t (http://www. engineering. usu. edu/
dtarb/taudem) $2H, TN FHIT/KBITAR B B 5 BT K/ . WA BUR BRE Y Y FPFE SCA 24 i)
me iz {1 £k , GRASP 43t H SCA {UBE R R J EIITK B ITAg$., 3K 2 R8T GRASP 40 #1 & HiJE B+ BUE
KMo
2 R
2.1 A GAM BRI KT

mﬁiﬁﬁﬂﬁﬁﬁﬁ,ﬁiﬁ?%ﬁbﬁﬁ(iﬁﬁ'i%ﬁﬁ?ﬁﬁﬁ PAEBANER 3 Pian. B THIZRET
BU5 T a1 3R B E AR (AR R B R 0. 66) , Ayl o FL R 5 my, AR g 7 B 35 B e 426 DA EL o 1) b T Y0
PR AR, NRPATLUED, &WF CAM #I G EATN B & B —E LR LR KL IRE
e BE R T ILT A I T S &, T 45 2238 MU IR B ¥ 4R B IR 1R B (TWI) S8 &, 5K
ARHTE R 40 - 3 BE (1) - T 3R AR DX, RO A BTR YRR B9 GAMALL G R 43 R SR T O 22 43 AT
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Table 2 Topographic variables for GRASP analysis of Caijiachuan catchment
758 Variable A Type 18/ 5 FF Mean/range
%4k Elevation — 1174/900—1583
Y] Aspect dt,%&db, &, %<8, ®, V§RS, V4, Pt -
B Slope - 22/0—41
-l # Curvature — 0/ -5—4
edr % SPI WA, T, b, B3 0 -
IR e 5 TWI — 0.008/0—0.03
FGEIKIE R SCA - 299/1—62667
#3 ERIFEREER YT GAM HERE
Table 3 Fitted GAM model for the selected species of Caijiachuan catchment
i AUC
Hrfh 1A GAM g . : :
Species Fitted GAM model B KR H— Y
Cross validation Validation
L Probability ~ s( Elevation,4) +s(Slope,4) +s
114% Populus davidiana (SCA,4) + Aspect 0.216 0. 801 0. 821
. . Lo Probability ~ s( Elevation,4) +s(Slope,4) +s
L FBE Quercus liaotungensis Koidz (TWI,4) +5(SCA,4) + Aspect + SPI 0.382 0.871 0. 879
. . Probability ~ s( Elevation,4) +s(Slope,4) +s
IR Ko . A .
258 Koelreuteria paniculata Laxm (TWI,4) +5(SCA,A) + Aspect 0. 300 0. 805 0. 883
Y01k Hippophae rhamnoides Linn. Probability ~ s ((Elevation, 4) + (SCA, 4) 0.100 0.707 0.724
+ Aspect
. Probability ~ s( Elevation,4) +s(Slope,4) +s
R A .11 . .
4% Vitex negundo var. heterophylla (TWI,4) +5(SCA,4) + Aspect + SPI 0.115 0. 679 0.735
. . . Probability ~ s( Elevation,4) +s(Slope,4) +s
BB T Ostryopsis davidiana Decaisne (TWI,4) +5(SCA,4) + Aspect + SPI 0.231 0.793 0. 804
. . . Probability ~ s (Elevation,4) +s(TWI,4) +s
. . 084 . 664 X
A Cotinus coggygris var. cinered (SCA,4) + Aspect + SPI 0. 08: 0. 66: 0.679
#HIFC Rosa xanthina Lindl. Probability ~ s ( Elevation, 4) + s (5C4,4) 0.053 0.631 0. 646
+ Aspect
. Probability ~ s( Elevation,4) +s(Slope,4) +s
. 221 . 811 . 82
T Syringa oblata (TWI,4) + Aspect + SPI 0 0.8 0.8
ility ~ s ( Elevation ,4 1 4
YK TF Lespedeza bicolor Turc. Probability ~ s (Elevation, 4) + s (Slope,4) + 0.111 0. 696 0.734
(SCA,4)
. . Probability ~ s( Elevation,4) +s(Slope,4) +s
P B . 111 A .
FLH Periploca sepium Bunge (TWI,4) +5(SCA,4) + Aspect 0 0. 638 0.758
54834 Spiraea salicifolia L. Probability ~ s( Elevation,4) +s(TWI,4) 0. 196 0. 805 0. 818
Probability ~ s( Elevation 4 Slope, 4
B BT Rubus corchorifolius L. f. obability ~ s( Elevation, 4) +s(Slope,4) +s 0. 489 0.822 0.965

(TWI,4) +s(SCA,4) + Aspect + SPI

DS SR EARVERFAE 1 22 (receiver operating characteristic curve, ROC i £k) 3¢ AT M LRI IDIE RE (3%
3) o Hop, D72 HTARIE (3) TR, D* S B T RS EL AT AR I i 2 s ROC I ( J&1 1) DU S e T A8 0 AR BE 15 4
St B BF- 8552, H 2T AR AUC M S 45 il 508, g4 D I Wi BB UG B2 MO 2L 4845, AUC 224k
F£0.5 2 1 Z[a), AUC K, MBS RIBEHORE BERTS ) o IR ATLUR th, RS & MR L& B8 D B3/, 35
SRR VPR R A B BRI B R LU RATN D* R ZNT 0. 15, RUMBFAER Bt e LIS BRI 22
RIR. {HIE, N ROC B , WA TP FF GAM AR R T 51 Wi SR B Ao, R ik b (2 62% )
AUC {HFT35 0.7 DAL, RETBRBLIMERE R AT . GAM LRy $ym 3R 3 AR AL , S [ 08 0Ky T e 7= A
ARBEEE R, Do e , B A2 SURAIE S B — W e By I AR AU AR E P . T LUE H, BRB 1 I (IR T
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LARATHIEAS S , HoAR Y AP SR UE LSR5 B — B 45 R Bl , R B GAM USRI BONARE
D* = (ND -RD)/ND (3)
Ao, D FR BB AT R R 22 , ND 40 A L (R BE R (R 2% , 7 RD MR RIR w22, 24 D* 4y 1
AR A S S fff I R A R o

I 3iE A Rk
10 10 -
z 08| 08 -
E
Z 06| 06 -
A
04 L 04 1
%
02 N: 1, ROC = 0.821 021 N: 5, cvROC = 0.801
0 1 1 1 1 1 0 1 1 1 1 1
0 02 04 06 08 10 0 02 04 06 08 10

PRHFE Misdiagnosis rate

B 1 ZR)IFBLG ( Populus davidiana) GAM &8 ROC i 22 7RI
Fig. 1 ROC Curve for modelling Populus davidiana of Caijiachuan catchment with GAM model

2.2 YR REIE E ARk

HRAEA P GAM $UABERL, Xt 4 PP O B 3t T IR 1 I 2 AR AR A T4 (B 2) o VAR, 590
EbIE A F N R

i#% ( Populus davidiana) S5gIR. P E R EMRX R, BRI E, 26 BEE K, T E NEIRY
1150m Ab R I H —E K FREE; SR ER R — SR E N FAHEE R, FEHITEIE B 5508 K, 2 2 i
TR 5 T3 1) b 0 B B3 ( North  NorthEast NorthWest ) 43 /i3 K

IL /R ( Quercus liaotungensis Koidz) — BEMFIR T 2070 B3 K, T 5 IR 20 1150m Ab 38 K R #9855 ;
58 R —EREEMXRR Ak, B EE0 M FIRA R TN, YFhoa b HE 72 kiE
s N

2543 ( Koelreuteria paniculata Laxm) 553 B 2 1 AHC ; BEWEAR T =5 40 R B Wi K, B JE B4R 25 1200m
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(North) S AHXT R . WIRN B AR HTE B F 2 G SR 2,

PE#EF (Osiryopsis davidiana Decaisne)  S5¥4K 3¢ 2 IEMISC, FEMGR KB BT, o AR 38 K ; B3 A0
KA — W . PR B R HIE R AR E SRR A B,

B ( Cotinus coggygris var. cinered)  FEMGR T R 400 B WG K, BEJE IR 2 1200m 407 B —EBET
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B HBL(Rosa xanthina Lindl. )  FEMERFL 400 B WG K, T 5 IR 2T 1150m Kb 2287 T RS 2k
BR3E B B3 Ay A AR 3R o R BB B SENL /K ET AR AL B A .
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F4 ERIFHETNEFEELWIER
Table 4 Potential contribution ( Alone) of topographic variables for modeling selected species with GAM model

¥ Speci b Wi BRI WIODAWE e Sl
s(Elevation,4)  s(Slope, 4) s(TWI, 4) s(SCA, 4) Aspect SPI
L FBE Quercus liaotungensis Koidz 1373. 44 16. 60 64.27 91.27 202.51 54.96
145 Populus davidiana 307.23 21.07 62.24 66. 12 239.24 NA
258 Koelreuteria paniculata Laxm 101. 13 3.50 66. 08 79.70 32.29 NA
Y) ik Hippophae rhamnoides Linn. 265. 80 NA NA 49.99 52.84 NA
4% Vitex negundo var. heterophylla 172.56 5. 68 29.37 22. 84 25.42 9.55
[EH%F Ostryopsis davidiana Decaisne 948. 09 54.01 22.41 50. 00 68. 11 NA
A Cotinus coggygris var. cinered 325.18 NA NA 38.65 87.78 6.48
WP Rosa xanthina Lindl. 165. 58 NA NA 43.24 94.44 NA
T % Syringa oblata 416. 38 22.91 75.21 NA 201.59 NA
WK T Lespedeza bicolor Turcz. 186.22 6.11 NA 28.12 NA NA
KA Periploca sepium Bunge 48.11 11. 46 22.17 32.36 13.75 NA
GER % Spiraea salicifolia 1. 462. 08 NA 35.54 NA NA NA
BA4F Rubus corchorifolius L. f. 106. 05 13.43 19. 89 14. 42 25.10 3.89

I “NA R A ZE R AFE

BERT . RERUIRRBIERZEMIFAE R BSARFHE AL, Hf ik SR8 T i oK o 5k R
FEAGAR B, XX T 527K 43 BR 15 6 28 e S X A Ok S B R R B AR AR S, BRI 2k VDB B
BRI B o (S LB SR I BRI BT A T R iE R TR, R R DR SR A AR A
THBTEEEYWER . SEHRHERA, IR EFEE(TWI) 5EFEIKE R (SCA) BB T #h3RK 3%
4, X Wb oA B RLEAA BN, AT A BV R A REE s X RES YA B EE R WEM. &
SRRER - Fh GAM BAEME & T TWI 5 SCA B HF (R 3) , (A E W TE TR X EAEAXT BN (FR 4) .
Xt , BRI SA R E F R ERRAE R, TWI 5 SCA [FIFEAUR BN R B BERAE , M TER 18
POX —BER AN RBERT , AR AT BRI IR (PR 53 46 BE RSO, T #E 5 , B B W 4 A L RV E EE 2 e R
BAKG R T m 5K AR, SR AR AR 4 %t R PRI AR BE 5 B, BN T SL i pot
PR, TS 33K 7 A AL SEARAE o R , X T 7K 2 2R P2 SR BE R A% R TR AR A B0 = KHEAR , Ho b o
AU ARSI T 1 Y FE BB AAE L, X 5 e sie A ML
3.2 HRBRIBLINRZERIE B A E 1

GAM KR YA R ST KR T X ) oA B ELSE SR, “ O 7 A8 23 A 8(3JE ( Pseudo-absence ) 2R FH X AR U AR
PIEERAEERR ™ BT PR A Pseudo-absence ${3E3TF Quickbird 328 B (4 A7 13 A5 K ) + 3 A
PSR R BRRIR I . AP AR R 13 A S5 A 2R 1 SRS B & 35 87% , 3 HLIRl— B N T 1%
ARFENFPLE L FEZHEAR HCHE P AR B 55 (Quickbird 18 B R 2 GBS (8] r PEF AT X 0. 61m) , [H I,
BRI R F , Al ARIE Pseudo-absence U4 X WL IR 1% 70 A LS [ B s 55— 7 THD , WP PP B A i,
AR &l 55 b 3R RN D T4 T AR 8 BRI A o B AR o, T4 S AR FT BB 52 Wi Xof 490 b 2 A AL A ) 9%
P, EZ 2 A F o SR E ARSI/, (X 26% , B it , DA g R B AP (R AE TR AR JHER ) 4315 5% i 4%
AR WAV R 22 AR X /D o BEBUBIR 22 FEORIE TR o A SHIE R BB B RL. BFS
HbIE R F B T W& T 25m x 25m ) DEM 28X, /R4 Quickbird BRIRFE L /- HERE R , (HHE Y F{E B
PR T A A U R B R , R B EIRE DR H RN F R &/ NEE R, X EWRE YR 5 B K
PR F L Z PP X — R SRR BT T o BARFEARS T i) 308 B — s 2 B W ORAIE ) e 20 AR TEBRE SR P A AR X
¥i—4E, 3 Bz BB F AR/ N NIERE 5 i 5 DEM HJE (19 3500 R sZ M /0 , (B0 T AR R /1
BE, 15 B AR (s BIABE 204 ) R B Dy 22 M 25 R DR P S o 1 T 7 A B RS T 8 1 , X T R B A A A
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AES 0 BER Ny 25m ff) DEM RO AL o A ML R 32 R R HTE R 7, Al 4k (39 1o &5 4088/ IMB M R 3o
N 740 SCA 55 TWI (i S AALKE SZ BN , 3t 00 B 1 RISCHP SCA 5 TWI FERRTUAR UL A 2
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oK ST R o BFFE R « 3 o5 UM A B B W Mk 20 2B AV ) U A R o s A A AR (LA PRy 20 A
WU, RLK 23 BRI AZ O A B R B m R R A (R o

BFFE IR N T SRR R S A B B T IO W R oA B a3 SE M4 R, LU O 3 1k, PR BEHE RS
BT K T ARBE MR AE FIAR XS /0N, TS BE M ma AR T8/ o X0 TSR IR A BB IR R o QAT SO
R RS AR T T il RS R A BRI R, AR U AR T2, HAS
BCE N B, H L, Fss g e, 4 - PRI 5P b s 18] BE B B AR DX e 3 0 DA 34 R A3gk 1) IR 40 D 1 3k
WA SXAESE T AR ks[RI EC B BE 5T i AR SRR [l VRO S b R S B . 32— SR 740 - o
I 1 BN, R FEILK R (SCA) 5B BEAE B (TWI) STRRFRARXT B/ (B = F N NS YR GAM
PR, SR BL T HA Wy Fh oA i — 5 T TE RN o DRI, SCA 5 TWI W] LAFE g JRy 3t RUBE IR 18 280 Bh AR 31
A [RISL B FRSEARFAL , P Al 47 bk s (61 C B AR X328 3 K Sz 3t Rl G G B AT LA L SCA 1 TWI AE iR — R 19
MR o T3 BE DR WU %ok gy o 3 A B0 2 WiV R B Ak eI, (S REAE DAy Szt 4 L s X SR 38 ) e Jos — B
P
4 #ig

BFFERS 38 LRIV AR X /NS ) | R A AT T W0 o AR AT o 3l 5 SR BB a5 3t T IR -6
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% Quickbird A= BRI 50 o BRI S BOR AR AR g 2= 8] 40 A9 {5 8, , 5% i SPLUS2000 [ GRASP B 57
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FhAE I IE 5 B — B IR 45 SR T, BB AR

REARFYF GAM a5 H A RBIE 7, B4R TER R BA AR aE A, (A ERE,
B FT RN U A L AR BT CE B B R WA R T O e SR AN 1), B 2 W ph R IR SS  A Bok, LR AT i
G T FERGBSRHIE ; . SEIK AL (SCA) 5 IR B 18 B0 (TWI) B —E R 7E R AR, (A 48 X0
B/ TS BE R MRV T EL /e BIEFSIA A, Wb A1 36 28 b TR BR300 A0 S R T 7K 0 BR 1 32 i
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