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Abstract; This paper attempts to use spatial wavelet transformation derived mulii-scale module maximum as a geographical
locator to objectively identify eco-geographical transition zone and its boundary. Employing the spatial patterns of NDVI and
precipitation, we decomposed 49 transects with wavelet transformation of db3 kernel function. The geographical coordinates
of all singularity points were located and marked in GIS. The results show that optimal spatial scale for identifying eco-
geographical boundary of semiarid-subhumid transition zone is about 20 —40 km. When the scale is less than this threshold
value, the locating process is likely influenced by local scale ground structure such as built-up areas or fine scale
landforms. On contrary, when the scale is larger than 20 —40 km, the accuracy of locating points will drop sharply owing
to over- smoothing treatment. In spite of the higher concentration degree of NDVI derived locating points than that of
precipitation derived, the comprehensive locating accuracy for precipitation transition zone is superior to that of NDVI
spatial pattern in terms of long axis direction coherence, mean minimum distance and point balance degree indicates. Qur
results suggest that the combination of spatial wavelet transformation and GIS is a powerful complement approach to expert

based eco-geographical transition zone identification and locating.
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55, L RS R A A 2 X A 4R X, &5 FpAE A B R A BAE T, 2T F RS Ze ik, X H N7
HRAAER TR 538 R HHE XA R, BT R ARD, , AGH U HEE, XHESR
B S BRI 1 R RIR A B TR E A Y 2N 55 =, B RSN, T B T2
SARARAL B WA R BURR , W BT T DA AE AR SR, LA RN IR A XS 7 e 3 R AR 2R T

VAR , 7R A 7S 3 A 2R B 1R R0 2 0 T — e 3 2l B BOR A vk, 0 42 B B R0 5K 22 3 <5 A\ N R
4R DA R LA AP R 808 L TR R X R R HET TR ERL., NSRRI RR
BTG TRELEER TRARAERERRT , /4 228 EABMRR T BSWEERE R R N
RS E R A\ FPRURE S5 1 073 T VR R i K RIFE AR, ZE0URE KRB Tk S48 SOFM M 4531 &
R A ST T RN W EME R SWE T ASK A IR AR, Fortin 2 A
PER T AR A SR X 43038 R o A 2 ek 1

Bk, BRiASMBER L RN T EEEZGH AL, —KBET CS FENEREEE, HFAH
GIS M= H AT ThRe , M R —E R RENERRESE , M HIEF RS BERLNAE, RERFERRE
RITERH— PR R 7 — KRBTGSk, BE R KB S R R AYEE , RS T 58
BAE S AR IRAAEN . RIS TR EERREMT B FHAN M E RS 205, EERD
B R S PALPIER = D B, WA THE NS XEREN HE T RS, RECANTEMR
AR T AR LR B G E N RN, BIVE — R ER . GIS BRI E ik BERER €N,
BEtZ £ REKZFRE, T DPCEEMASE , ZARERMIK. S FENSERTES GIS A RerEs €1,
HHIRARSE L — SRR, KEOPIRIES, 2SR SEREREREN ", 8- AR
FRERA HAE R i (R A= JRIVE E , R 7% 2 RO B AL e /8 R A (A ARAE A BB T 4R B e B 7 R
B AR , SR R FT B 7 B FI R #E4 74 S s B A R M BF A5 2 BOR PR P i DR
1 HREFZE
1.1 A5 P 4 N 5 R R

AL P R AT B AN BB ER N 2 ES AT R X, —BoR 3, XA E
SRARUERIIFHRRY (B 1), —F N BHFES, ZHANESRENEFBMT (NFHERE BS
B YR B H%) SSMERmE T ( BARAS) 23 BT R FEG, BB S B RAEER
ERAESREHESE W R T SRR, 200, AW B TR T R, B ET RS,
HURRHTRE MR—RES(O)TE (o EAESEE k,E=0,1,--, WRWX—REHIT & BrEAHK
3,00

S +) #fP (8 -) (1)

MBI B SO O R B AR K

B, KB S ERETRAE SR, WNE—REETE GIS V& b= 4515 K S 4l BE 2 o
5% 2RI T S L BRI, 38 R B SRR BT I 2 e R E Z RE T TR T R E A,
1.2 ZEVMNEAE R

Otnes 1 Enochson 55 A\ /MR #e I F 2128 18] 43 17 7 -5 B 35 S MR b, B 5@ 5k 167 B Frg 28 4k, o i i) 3,
AR ¢ BN R 10 AR AR AR — R SRR A RSN S(x) , W55 i e 38 2 e
1), A A PR R R R A 53 8] i3 42 /N A8 # ( Spatial continuous wavelet transform, SCWT) JE AN T 5K :

W () :ﬁ¢a,b(7)dx (2)
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Fig.1 The types of eco-geographical transition zone and boundary
a IR B R ERE, B bR, ¥ R T-55 —2& [A] T & steep gradient in the environmental variable, corresponding to the first singularity;b M IS &
B/, B8 L % T8 2R % 525 B gradual environmental gradient, corresponding to the second singularity

[16]

SCWT (a,b,x) :JLEJ:S(x).pa_b(xT”)dx (3)

555K A Daubechies /N 47 (db) , Daubechies /NI B —2 — 3 /N, BA B IR AR X #E,
Y () MERNBEBNBIERA—, SR ¥(0 =0) =0 |, B4 R ¥ K% (scaling function) ¢(¢) . ¢(t) KEH
R, XA = 0~Q2N-1)JEEN, HEEXERN:
w(t) = zk‘,gk¢(2t - k) (4)
& 2 & Daubechies /NE#H A db3, ZFrLA3E#E db3 2B A H R 2 2R BRI 5. B
R EARE ) (BA BX#EE) . BRMFZE R EARAESRN TEXZREM db3 RTEHM .

NBEEL v

|
0 1 2 3 4 5
SCEE

B2 db3 MR EE
Fig.2 wavelet function psi of db3
a db3 ;R the kemel function of db3 ,b db3 R E ¥ db3 scaling function

2 HEfEEHE

2.1 BIFEXHL
g X TR EARAHX , I E D 42°27°05” ~36°19'07" N,109°18'36” ~ 119°40'36” E, HifidsRIFF

4, WARBF AR BB , 1) B A1) AGARU O o B 1L 30 7 DR, 4R JE7E O ~ 3200 m, “SfBRSSEY Jg R YA K fii
BRI, LZER TR, RERUEW, KASBRKHMES 7 B, 42K & 170 ~ 866 mm, 4EXJIRAE -4
~15C, FREXHMFEEZ A M BE , 2R FAMAREER AN, BRERT LM K7L
X B ARAE BB IR 5 I AR, SRR O LM AR AR, F AR ARt R A ST ) 5 0 R X ) B AR
PO AR FEHE AR, BLH R,
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AR B SRR IR R IEE T R AL, W RREEENRBLEEN . HmmAERAEEL
BARAHMETFR, FAX—XIBEAESHRX , ARBEREROEAT  EFPARERR , BEE
M B3 — i X AL S 25 KB , [R5 B AR R S B — & B o
2.2 BHERR
2.2.1 NDVI

B 55 Bk A ) 2006 4F NDVI 44 5k B SPOT-VEGETATION Z &) ¥ #, & i B K E F1F 3118 3,
VEGETATION {&/&#% iy SPOT-4 F 1998 4F 3 A#BHAS, T %4 4 A B 5N Kiruna 0 1582
SPOT VGT ¥4, #& & Wtk E Toulouse KR .09 3T, $04fE A B ey b A i 8 3 £ B AR B 2 B
(Flemish Institute for Technological Research, Vito) VEGETATION 15 4k ¥ v .> ( VEGETATION Processing
Centre, CTIV) S8R, AL B H 1km H2FRYEE, RGP . FABEGHE XSRIE . BHKRIE . JUKIE,
FoKr NDVI % -1 2] -0. 1 MEBE N -0. 1, FEE AR Yy = (Iypy +0.1)/0.004 $14§1% 0 ~255 H)KE
B,

2.2.2 [EKE

4F M K B RO BRSO B 23 )4 R 2R A Worldelim 38R , SRR 15 A MK E A BB BAR
RSELA B 19 MRA WA PSR &, B 23K 1950 ~ 2000 4514 47554 (K03 .24542 F¥RRIEF
14835 R AR MSIRICRAET R . ETULE SEMEREE N B ER _HH4 ANUSPLIN-SPLINA
P SR B PR LAS F 4 PR ZR N 30" (ZEARTE N 0.93 x0.93 = 0.86 km’ , ZEFHELEFE ML 1 km) |
2.5'5'F7 10" &5 4 FIE X MR LR, A — A& 1 ESRT MR AP g K. RENGGE, R AR
(datum) 25 WGS84,

B M B SRS IR BRI 7E htp ://www. worldclim. org/ %% T3, b5 NDVI M¥F i &5k iE T
B, AW R A 30" PR AR BB
2.3 {HEAR
2.3.1 =[RERE

B /N R B e, B SRR BT S R R AT BT RS B8 . 7E ArcGIS 9 (ESRI Inc. 1999
~2006) HHE B AR AR AL 49 ARARTY T AR , B—FEIR 600 MR, 8 T HBREE RUNERIEBURE IR 2,
BB 1 km x5 km K/, $R)5FF Spatial analyst H9 /) Zonal statistics #7273 B $2BU4E ) NDVI FI
FeK &, PR M SN EE B ARE ., BT, K5 BIME LR NDVI FI4ERE K 8 RIF R Excel $iEHE =
#Ho
2.3.2 FRKERN

FR/MNEZE SRR R S B 2 A, FURELR A /NE R B RO BRI . — ORI, R 5 R
F) 5 78 R TE /DB AR I X T/ INB R e R R AR R BGE T L R AR R E B /DR B RAE
HEESRBEN /NN BTN (B 3), B, B BARRE LY /MERBIRE (a0, -,
a,) ZEEAESL o (Lipschitz index) AIEEEF o, BEAT IR EE B2 SN E, IBTEHIEBE X/ P, E
VA O R R ST 200, R T R R S T T A — ST, B I P
BT RS TR 220 0 RAASHR) TP, KB BB R DA RS, SRR
i—#E, FE LT BN R BRI R E R, 588 NDVI FREK B2 R fE , i db3 /NSRS — e
A RERBRRBEER(E3),

2.3.3 /PEFZEE

et a] (18] 3B TR /N R B P 5 AT R 4, TR BN T 22, HBE R BBk B o /NS 2,
/NET 2 B RE B R 5] b BT AL S AR RUBE (JRLER) W e 3 R L3R 55 (BB & /) RE R BB L itk . BRI,
/M T 2B BB E — S R R EERRRE () . mRE/MERES ZE F R 88
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Fig.3 Illustration of detecting module maximum value in transect

a [RIB{5 5 signal, b B KAH{LE the location of module maximum

B, WBLHAAR R B RA B & M R o

FAAR 3, 20 5I%F NDVI FIAE K R I T 2 RE M, B R o0 RUR D /B RUE 128 (| F db3 /i
D ARER Y 0. 8, BB R R R £ 160 kmo HR/PERESERREHHRA LR, TH.) ,BE3H
WREN NI —i8, FELh TS,y T HRBITLMAE T &, 7ETHR /NI 22 i 07 4 M B B A 52 R S
FARMFR /N REL FTUA -

(1) = 2 (5)

BN, =N-L+1,URL=(2-1)(L-1) +1 %RE)@ 7; B/ BRI R
Bl 4 Oy 49 AAEH o — R i) NDVI RN Br 2 BRl . 8 T FRR75 8, MoK /N 2847 T
1710 457, AWEISFHLAE H , Foib 2 NDVIiERMEK , HEZE RIS 8 ~24db3 /MEREEEN

1800 - —— NDVI —s— [&JK Precipitation
1600 |-
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0 I I | I I I I | I I I |
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/N R JE Scale
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B4 DB EERE

Fig. 4 Ilustration of wavelet variogram
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3 ZRE5KRE
3.1 BRKRESRAERIER

N db3 1R/ NER 3L, 43 5K NDVI FRE K i g AR AT 22 RO 40 , N FASEAR R A8 iy s s T A
FENL SR 5, FFAE GIS ThAnih HbIA B , 45 R 4K 5 FE 6,

111.0° 113.0° 115.0° 117.0° 1190° E

40.30°

38.30°

) 0 225 450 km
# Scale ] e Scale 8 #» Scale 16 & Scale 32 L 1 ]

B5 ARRET NDVIER AR [ 576

Fig. 5 The spatial patterns of NDVI module maximum values on different wavelet scales
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Fig. 6 The spatial patterns of precipitation module maximum values on different wavelet scales

MBS ol PIE AR R E T R 21 A9 NDVI R RER KM E R EHEREARN. MRET
(MBRIE 1 FIRE 8) X 86/ B i LB B B R AR . RRFEADRETAEZBINIRWEMIA,

hitp : //www. ecologica. cn



9 XL R TR/ N R RS B R LR 5 E M 4319

FRARH XA — BRI 5|2 NDVI 2= (8] 50 A5 B AN 2 82, tH B A8 U7 K AP ST BRFE AR SR B BRAR s AR AR
BT (MBIRE 16 FIREE 32) A8 G700 LA, R AR ISR o R, 38 62 32 K T 19 TREE” 2%
RIS o XARE Y, FEB R RE T — &R/ NP sh g/ “ s 383, U — e Rl R S iR
3k,

&l 6 AL ] RUBE T 46 I 2 i B /KSR L iH BRI == Bl B AT 3 A R DL 5 NDVI B3 A i R ka ), 72
Hh N RUBE B K AR MR Y BR AR S R 8 0 2 B, T ZE B R R sl A A X R o, LARUEE 16 3 i ey
N

N T AR/ RN 4 REPERR, SR A ArcGIS Fris s/ SR TR (high/low clustering) el <& &
— R NDVI MK B RS RE, G index EBRR, BN TR EE, MR AMBRF. ZEHIEHBR
K, A T RERR MRV . BR, REBRER LI E MR, R A0 IR E R
B, WathaiR(R1) LA H 3T NDVI A Rk, 3R A db3 /INEAE A RUEE 16 AR 32 (SRR 2y 20
~40 km) ERIHBFHIRER, XHTRKB R, RE 16(ZRREL 20 km) KRER R

£1 NMNESHERETEMRRER
Table 1 The concentration degree of locating points on differnt wavelet scales

I H Item FE4T Index JRJE 1Scale 1 R 8Scale 8 R 16Scale 16 R 32Scale 32
NDVI G index 0.95 0.83 1.08 1.14
Z-score 7.85 6.37 9.99 9.7
&K Precipitation G index 0.86 0.81 0.81 0.73

Z-score 5.97 5.18 6.24 3.05

H# NDVI FIREK BB RESF R R U R R E N ZF A, BERE,NDVI kA RER A
PrarAe B AR, MR K b B s ALAERG 4385 NDVI | 07 55 2 K s i BUK R B, B X s R o
YR S BA R KGR, T NDVI =R 5 RE M. BK BB S8 R 3R E 78
YEFEA ., 3X W IR SE T M IR B 7K 43 70 B4 il 293800 o
3.2 ZRRLE

T RE/NEE AL AR TR R A, ERES S BARRI T R PR T B R LR
PR BT R AR/ R EAPESE, /N 16 R (R BEY 20 km) REEREMRE, Bl 5448
RRXRAL LR RAX—RE, &7 & NDVI fipE K R EM R 556 BRARRIET BN IHR L
K= ERXR. FARRGFREE - BRI, RAS R B E S

15 F 3= 77 1A — 318 (long axis direction coherence , LADC) -3 545 IF B ( mean minimum distance , MMD) Fl
FAL 3% B (point balance degree, PBD)3 MEROR HB/MEEM SR, 533 AT

LADC =cos(R, - W,) (6)

K, LADC TR ET7 10—k, R A W, 53 HIZRR BAG A X RIFL 5/ MNEE LS (NDVI 5/K) £ 85

6] ( LAIEAESy 00, Bkt J5 1] 78 ) o LADC {8 1,3 107 1] — Bt s

1 n
MMD = n;Di (7)

A, MMD FoR TR AR X R AR 9 I B AR B, n g NDVI BREK B 5 i R 88, DA —RE A i
G AR RN FLN B . 3BS85 E BT

PBD = x100% (8)

n,

A, PBD 2 i M B , ny O KR S — M ) s AL 5, my ARG 55 — B A3 A2 %, PBD BUETEEI O ~ 1,
R RE N BRT o
MIE T TTRLE A H , AR 2 NDVI B R KRR R R AL 1R B 2R 7 i 5 458 B AR KR T REAR
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111.0° 113.0° 115.0° 117.0° 119.0°E

40.30°

38.30°

NDVIE A a7 | NDVI locating points in long axis direction |
NDVIE A J7 ] 1T NDVI locating points in long axis direction (I
Mok 54K i) | Precipitation locating points in long axis direction |
Mok sS4 Kl ) 11 Precipitation locating points in long axis direction 1l

susvnass %X A4 Regionalization boundary

o [k & A7 A Precipitation locating points 0 250 500 km

@ NDVIE {4 NDVI locating points

B7 DERE6(ERREH 20 km) FEALRS ARKRIFEH ELEE

Fig. 7 Comparison on locating points on wavelet scale 16 ( approximately 20 km) with boundary of physiogeographical regionalization

—B(FR2), BIKE,  MKEM RN 05X R FLH—BRERT NDVIEA R, RHEEILE,
Bk 5 X R B2k 9 T 5 1 — BT % 1. 0(JLBE) F10.99 (BIEY) , T NDVI 51X R 54k i 1 7 1] — Bk oRas 3l
0.98 (JLBE) F10. 92 (FiEL) o 49 AP LB SN FH K F- 3 B MEE B0 35. 08 km, K 0h 100. 65 km, £
N 0 km( 7EZ B ) 349 4~ NDVI i BE 73 52 P39 B AR BS 0 49. 25 km, B KON 116.89 km, 52484 0 km
(RIELLE) o MK/ N 81.5% o, T NDVI i 3545 48.5% . LTI, & REHH
SRR 3 FHEANE RS BEY) , /INBC AL 7 16 e L 1289 B A B S A B o A 40405 B =TS A Ui A , [ B/ NI
RERBCRILT NDVI, 252 b, S5 BAR X R T RA8RIH 0 F AR LUK IME RIS REY , B B Y
ANBCENBOR I R U T /NRE S RBETT ik B %
R2 AAGAEURES NDVIRHA NG E S AEH S 0 8L EUR £ 7 HE)

Table 2 Comparison on long axis of wavelet locating points with boundary of physiogeographical regionalization ( clockwise rotation from north 0
degree)

1 e BT Ce)  HEAC)
Direction of north segment Direction of south segment

X 1] A £& Regionalization boundary 56.18 37.69

NDVI £ 4i 2% Locating points of NDVI 43.43 22.94

P& K 5E L Locating points of precipitation 55.24 46.59
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4 Fit5itig
4.1 %ip

ARICTE GIS X T LA NDVI FIREAAE R R 43352 , Sialny B 28 6] /N AR e 347 A A5 b Lo 7 2 14 8 v A
WA, T KRR RIT TRE, 45908

(1) Zx3/)NgE NDVI FIREK B 2 RBER , 7T AR 20 ~40 km 23 ¢ T 2L @ IEE SIS FELH
FERER. £X—REEA NDVI FFEEKE/MNE R ERE SR RE, 2 T 5ER MR R FLE
E—F;

(2) i A BARR TR AT REREIFALEAREAR R, RERK/NEE M S REE /N NDVI,
BLEA R AT I R L R 50 RIS A 3 TRIgHR, /DX T MK R as a4
FRIBYFRI T NDVI;

(3) BHRIESE 7 GIS X T ER/MEB BB A RO IR A E M E BN AERMBE S AL, RN T
WA R HAERMSE /DN, HEFEELIRIMBX RER, MEXMHFEHUEREE, TURERATE
L TR
4.2 it

BRI, B4 T8 R 2 8] R BESRIR BIFE M A A 5 B2 R U A SR [ R

(1) /NRBE TR KB A 70 AL, AR KR E T W fi i, HIEERAE/NRETHE& L
— /N R A S BRI ok, AR E T —RH TR S EHEE. —BRIANEBRARET HAE
HAR T M HER IR RN B EIEN DR S, BERXRE TR EM A ER. HR, ABR/DMRETHE
ED RS ENH R, (BE/NRE TR AISIEm, Fril, 5 RAeEERARE FTRNHEEER
NG, BEE/NRE T X EIEM R s T B €0,

(2) FA—RETARELRTBIENERAES SN ERERER R, HAZSMHX , THE
BaRABE R, SR B R EFBR, KT BENERKESPEEE . 2/MNES T s & £k
EHEVE TUARHARR, —SREERE BERE5ELISERRENRES. —ERETRZNER
b2l

(3)NDVI g S =S 4% R A 5 2 B R B 5 B M B2 R, B /K 8 7 s B 4 Mo 2 BB B F 19
ey, BTFARRBRPRTEE, AKFESRER, BE—EBRE LZmE T NDVI EMRUR, MK SR
ZHIERARR L BB R RENRNEBOR , Bk E MR R . REAEE/MEEHPIUEEREER
BESRTHBRIX B R A, (B AR LR X R AR, RIS R AR, B RERE AR EN SE 25,

(4) RiE 2 NDVI 2Rk, HE R B FE SR BRI, WX — et 7 X R R AR s ma)
WK T B A REE B A/ R R —Fp o] LU 0k

AR X IR E MR AR AEYRENEEYE RS S, B ALRA B Z I AR FEE K2
T3 S R ERLFEER, SR RIRBIFE MR — MR RS BRI R, AL NDVI FRE K%L
RPN AR 5, TRAAPRE
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Fig. 6 The spatial patterns of precipitation module maximum values on different wavelet scales
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Table 2 Comparison on long axis of wavelet locating points with boundary of physiogeographical regionalization ( clockwise rotation from north 0

degree)
S Trem ; _jl:f&ja“ﬁﬂ(ﬂ _ Eﬁ%%jirﬁj(")
Direction of north segment Direction of south segment
[X &I 4R Regionalization boundary 56.18 37.69
NDVI 5 fi 44 Locating points of NDVI 43.43 i) 22.94
[A K A7 45 Locating points of precipitation 55.24 46.59
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