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Fig. 1 Topography and geology of the Altai Mountain (based on 1:1 500 000 geological map and digital elevation model )
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Table 1 Estimated basin-wide erosion rates of eight drainage basins in the Altai Mountains derived from hydrological data
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Fig. 2 Spatial distribution of precipitation in the Altai Mountains ( The data is downloaded from China Meteorological
Data Network, covers the period of 1964—2011 and has a spatial resolution of 0. 5°x0. 5°)
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Fig. 3 Spatial distribution of air temperature in the Altai Mountains (The data is downloaded from China Meteorological
Data Network, covers the period of 1964—2011 and has a spatial resolution of 0. 5°x0. 5°)
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Table 2 Ion data of hydrochemical stations and solute load in the Altai Mountains
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Table 3 Climatic and topographic factors that may affect catchment basin erosion **’
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Table 4 Climatic and topographic factors of eight mountain catchment basins in the Altai Mountains

I R el T T

10° m mm TR EE/m (mm-a™)
I EL ] 19. 89 308.89  165.38  5.16 3452 1845.10 2842 1235.10 16. 46 0.03
A4 SR HE] 39.79 546.80  169.63  5.26 4365 2204. 44 3680 1519. 44 20. 40 0.03
24 ] 5.44 340.00  156.09  4.80 3378 2231.56 2570 1423.56 17.62 0.05
BRI 1.09 413.65  156.39  4.50 3547 2403.90 2342 1198.90 19.45 0.03
PEAR IR 6.72 341.40  156.34  4.51 3846 2378.94 2890 1422.94 21.47 0.03
A% HL 6.33 205.79  161.23  4.25 3630 2304. 89 2454 1128.89 18.35 0. 04
A1 R AR 3.36 32.63  168.13  5.03 4179 2329.15 3056 1206. 15 15. 46 0.01
By fet iy 9.10 48.77  148.53  4.17 3490 1382.35 2677 569. 35 7.67 0.01

e BT RS (DEM) SR 5T i B 45 (81454 22 'h ) ASTER GDEM 30 m 73 HE3 540



1362 K I

7 + 44 %

SR A S I T WO L A o o 1| O s = 1 7
(DEM) R 50Tl 38 25 [H] 5404 2= v ) ASTER GDEM
30 m 73 HE AR m AR R, 3K 3 R i HUE 2808
{8 F§ ESRI ArcGIS 10. 6 1Y “Spatial Analyst” T. 2 F
B e R TR
LA B 45 1 I — AR AE B HE 2 (ND VD #E 1 7
FAE . NDVIZEG S B3 — DX % 4 4 26 30 S8
Y NDVI 54 8 43 A %5 BE S 22 PEAH G NDVIHA
AR, B 7 i R PR, R NDVI L[]
F2 00 8 M, A LSO mT DA SR 48 7 e m iR
B>, ND VI i i 1 3T 21T 40 (NIR , A 8% S 5 ) Al
215 (RED, FH 8% W W) =22 ] 1) 25 5 Al Al , 1103
TR
NDVI = (NIR - RED)/(NIR + RED) (2)
NDVI i 2000—2011 4 i MODIS %k #5115,
MODIS %4 i 3& [ 6 5 /i 25 it K J= (NASA) M 2
3RA5% , f#i F ESRI ArcGIS 10. 6 1] “Spatial Analyst”,
MODIS $54Js (1 43 34 250 m.
F T i B 7R 28 LU AR TE 3 23R 1Y) 245 (] 43 A B8,
AR SCR FH 2B A A A X A 6 3 S, O ot
— 2 PR ) T X A AR T S A PN R R
Az B MR M, 2 FOR R SR Y R b R
(1g M), BB R — M TG b 5 i
ERUNAS bR R M RS M =3, 0 i HLE
BRI
lgM,=1.5M,+9.1 (3)
7 183 A ST K SCECE 43 1964—2011
AR T BB AE (g M) T FH 1752 R A st ] 25
FEBERE 1900—2011 4F, M2 s ke 7 3 [ Hh i 4
J7 (USGS) ., #JH ESRI ArcGIS 10. 6 i) “Spatial An-
alyst” T B, >R FI R BB 85 A (B 2 % 8 4~ 43 BT it 3
B REH R A (g M) HEFT 25 18] 404t
2.3 KRBERXRSHT
H A58 T B2 21 380 AH 5 43 B 488 735 52 i i
(R iy FEE PR RS AR S R SR A% T i 6 LA
AR R A S ) R RO S8 AR ok R AT A 56
ST o B RN I R B (r) 1T DA AR 1 22 (1)
HY LA R B, B — o A A, BB Y
H-1~1o r{E A IEFRRWAAE 2 [ 2 IEAE G, rE
SR BN A I o FHOC R B r (X HE R 1,
AR 1 22 [ PR DG B 1 5 R DG 3R 85 1) 28 XL
FRAZI O, AR e AR DGR R 55 o (BRI~ AE 1t x il
v, BATTZ 8] K oR b A OC R EOE o IT 22 S bR
ZEM AR, TR TN

P(x,y)=[E(y) - E(x)E(y)]/[std(x)std(y)] (4)
K ENP T 25 5 std MR 2 . i HE Champagnac
SE R AR U AR SCORE A I B I AN R i S
Ir1=0. 7} EEAIDE” ;0. 5<1A<0. 7 K “HH 57 ;0. 3<Irl
<0.5 R — A 5 0<Ir<0. 3 K “FFAH T 5 11=0 Ky
“TAHR” o AHIAIHTTE 0. 05 F10. 01 B AF KT gk
115 PRI

3 #R

ARSI BT R 2 1 8 1 1L kb 3 Bk 11 B A8 o
Vb o HERS o D dE A B D RS D
AR AR VR o A R TR L B I A S e VD
TR, R 6.2X10° to 5L BRI U B A0 5 e D
B/, R 2. 41%10° o ik — 2D MR AR U S D 1 A
Sl AR A PR R s AR (5, % 1), Horb 548
AR AR R /N, 0,01 mmea™; B 22
AR PE R B K, O 0. 05 mme-a™ s s Hr S 211 8 4~
Lyl i S b o AR S A AR 22 5 B T — B
P, BMRF  BTIRZE 1P 44 B i el A2 ol 3y
0.03 mm-a'.

HIE YR o3 A 45 R LKL 6, R MR AE AT NDVI
45 0 43 A s 7 L8 it o MR Ay A 25 L 3k
BT, P2 MO0 e 0 T Sl 3 2 i v A v Y it g
FERAR (B 6) . R R 45 LRI, FEMIR R
R CIINE R (o T I IR e = AN S SR (R
ST (B 7)o & i ny 5 — A B 48 Hok
B, DA P ) A 7 230 T N, A e % R 1
b5 T FAORE R A e 1) IX R (T 8)

B IR AH DA A 45 R 3R 5 s, AT LA B 3k
B A ol o 8 55 A TR AE 1R 5 e R 2% (] 9 AH DG AS [ o
i 40, 4= bl R R 5 R TR R E M OEOE R
(r=0.59) , f= P A& 5 2 B 52 56 57140 ¢ (=
=0.27) . BLAk, TR il R 5 AR 5 A DG OC R
(r==0. 82) ; ND VI =1 i X ol , 42 s AR AR

4 Vi

4.1 FRREBEMERNEETHEE

A SO P S D0 Y A R o B T A B O e
M i (R 1) . % 85288 i v & e B far vb
i SRR DR, A SO I B A U R
b DA SR A5 B 4R e R HAT A B {HATS
AR =TT AT EYE . B8, AU L
8 K STk Y M S ) AN S (R 1) o WRAE AR 2



414 St AT« r B R 2R A A AR el o R LA TR R 1363

86°E 87°E 88°E

49°N

48°N

47°N

46°N |

86°E 87°E 88°E

89°E 90°E 91°E 92°E

49°N

48°N

47°N

46°N

89°E 90°E 91°E 92°E

PS5 B ZR R L 8 A LU b A ok P 35 {2 ol o

Fig. 5 Average erosion rates of eight mountain catchment basins in the Altai Mountains
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Fig. 6 Topographic slope of eight mountain catchment basins in the Altai Mountains (ASTER GDEM with

resolution of 30 m were downloaded from geospatial data cloud)
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Fig. 7 Cumulative seismic moment map of eight mountain catchment basins in the Altai Mountains during 1900—2011
(The seismic data is downloaded from USGS and obtained by inverse distance weighted interpolation method )
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Fig. 8 Spatial distribution of NDVI of eight mountain catchment basins in the Altai Mountains (NDVI is calculated based on
MODIS data during 2000—2011 with the resolution of 250 m, and MODIS data is obtained from

the National Aeronautics and Space Administration website )
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Table 5 Pearson correlation coefficient between watershed erosion rate and potential impact factors
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Basin-wide erosion rate in Chinese Altai Mountains and its controlling factors

WU Menghan, JIANG Yutong, GUAN Xue, PANG Lichen,

LU Honghua, ZHENG Xiangmin
(School of Geographic Sciences, East China Normal University, Shanghai 200241 , China)

Abstract: The spatiotemporal patterns of catchment basin erosion rate is vital for understanding the geomorphic
evolution of active orogenic belts. Based on the hydrological data from 1964 to 2011, decadal-scale erosion
rates of eight rivers (Haba River, Burjin River, Kelan River, Zhuolut River, Kuyiltes River, Zingali River,
Burgun River and Ulungu River) basins are estimated by river sediment transport method. The contributions of
suspended load, bed load and solute load to river sediment transport are first determined, and then decadal-scale
erosion rates are calculated for each analyzed catchment basin. Here, we focus on the decadal-scale catchment
basin erosion rate and its controlling factors in the Altai Mountains. The results show that the average erosion
rate of the eight basins is 0. 03 mm-a™', among which the minimum erosion rate of 0. 01 mm-a™ is in Ulungu
River, and the maximum erosion rate of 0. 05 mm-a™ is in Klan River, a tributary of the Irtysh River. Further-
more, in order to explore the potential effects of climate, topography, lithology, tectonics and vegetation on
catchment basin erosion, correlation analyses were conducted between these factors and the erosion rate. It is
found that there is a strong correlation between erosion rate and topographic factors (basin area, slope, and basin
relief) and climatic factors (runoff depth and mean temperature ) , which may indicate that these factors have a
major impact on erosion in the Altai Mountains. Compared with the million-year scales erosion rate (0. 07~
0.3 mm-a"') existed now, the low decadal-scale erosion rate could imply that the continuous arid climate since
late Cenozoic limited the surface erosion process of the Altai Mountains.

Key words: Altai Mountains; basin-wide erosion; spatial and temporal characteristics; active orogenic belt;

geomorphic evolution
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