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Study on dynamic changes of soil and water loss along highway based on RS/

GIS: an example of Yujing expressway

CHEN Aixia" ", LI Min®, SU Zhixian’, ZHU Xiaohua', LIU Xiaoru',CAO Yang'
1 School of Environmental Science&Engineering, Chang'an University, Xi'an 710064, China

2 Shaanxi Institute of Environmental Sciences, Xi'an 710054, China

3 Mianyang Normal University, Mianyang, Sichuan 621000, China

Abstract: YUJING expressway is the first highway built in the desert in China. Ecological environment is fragile and
vegetation coverage is low along highway. A section with 60km long passes through mobile, semi-mobile and semi-fixed
sand dunes so that the roadbed is prone to encroachment by sandstorms. To reduce such encroachments, an ecological
protection project was set up within 200—300 meters on both sides of roadbed. This project used the technology of low
upright grid barrier, tall upright grid barrier and composite typed sand barriers. To understand the protection effect of the
project during highway construction period, the dynamic changes of soil and water loss within 300 meters on both sides of
YUJING Expressway were studied by using ArcGIS Spatial Analysis Platforms and ERDAS Spatial Modeling Platforms based
on the digital topographic map with 1:250000 scale and two period remote sensing image taken from 1996 and 2006. The
investigation area is 70. 18 km®. The remote sensing digital image processing was employed to extract three factors such as
vegetation coverage, land use types and gully density which dominate soil erosion. DEM ( Digital Elevation Model ) was also
used on the basis of vector quantization to extract another factor of geographic gradient. Furthermore the spatial overlay
analysis of four factors was carried out to obtain the strength grade map at different periods. Finally the volumes of water and
soil loss were calculated in the year of 1996 and 2006, respectively, according to the statistical areas of water and soil loss

with different degree by using GIS and soil erosion modules of distinct erosion types in the research areas. The results show
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that there has been an obvious decrease in water and soil loss after the construction of Yu-Jing Expressway. The details are
given as the following: The study area is basically plane and mostly composed of slow and slight slopes, of the landform
grade <5°, 92.59% out of the total area. The maximum value of gully density in 1996 and 2006 is 3—5 km/km”, and
value of most regions is 0—I1km/km’. In recent 10 years,the grassland with higher coverage and medium coverage have
increased by 7.44% —=8.41% along YUJING Expressway. The largest proportion of extremely heavy loss area appeared in
1996 and 2006, which was 55.38% and 34.24% , respectively, the area decreased by 21.14% . The total volume of water
and soil loss decreased by 1. 926 x 10° t/a in 2006 as compared with that in 1996. There had been considerable
improvements in ecological environment and water and soil loss by implementing such measures as greening engineering,

sand defense and ecological recovery since YUJING Expressway was built.

Key Words: RS/GIS; water and soil loss; expressway; vegetation coverage; gradient
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Fig.1 Schematic diagram of study area
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Table 1 Weight of soil and water loss assessment factors

W T MW E RS R T WA W
Assessment factors Vegetation coverage Land type Gully density Slope grade
AEAE Weight 0.30 0.30 0.25 0.15

3 kEmEEFRIRER
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P OR TARAFHARTLIE ) bR 2 BE 3 AR bR A R4 B 5 2 1 A PR o i L F 9 DX W i B T
FIFH GIS GETHW e X 45 A8 i i B o o T AR S A2 1k (R 2)

R2 MEREREBEZETUR

Table 2 Vegetation coverage changes in study area

T 1996 4F: 2006 4F TR 5 R AL i Variance
Vegetation coverage AV km? % T/ km? % TR/ km? il %
Area Area Area Scale
1= 78 8% High 1.50 2.15 2.71 3.87 +1.21 +1.72
A Higher than average 6.21 8.86 6.24 8.91 +0.03 +0.05
hZ 8 Medium 14.33 20.56 16. 63 23.76 +2.30 +3.20
PR B Lower than average 16.42 23.45 19.22 27.42 +2.80 +3.97
KB Low 25.55 36.62 20.04 28. 60 -5.51 -8.02
il Bare land 5.85 8.36 5.19 7.44 -0.66 -0.92

7 FRR AR LN ;- FR AR L e

S5 2006 WFFT XA DL 25 1996 AFAH L AT B 4 &, o ok b s B e B L TP IR B
T FRIAT A s AP AR b 1 TR A AT
3.2 HPHE RIS R

AR 2002 FECFHIE R, SRR AEART HAFST A R AN K BRI R BN R HAGEE
9 0.15 W55 X 22 R KD FEMELX, M348 AR AR AN I, PR AR 5 78 R A AN [ e 303 el D 4 I ) 39 3
3547 & I AT AN S s ma i Je K R R A 5

R OK EARFFEARKIEY BRI 5 Jy <5° 5°—8° 8°—15° 15°—25° 25°—35° >35°%5 6 P4, 4
R XSG B I GIS GEi T F o IX 453 B S 0 i i T AR, L& 3

R3 MEREEZRNHE
Table 3 Slope grades distributions in study area

WY S Slope grades

i [ Ttem AR rp AR o SR 373 %) ABEYE
Gradual Moderate Highly sloping Abrupt Steep Cliff
T Area/km? 64.98 3.93 1.003 0.24 0.022 0.003
ST IX B A Proportion/ % 92.59 5.60 1.43 0.0034 0.00031 0.000043

CERR ] WE S XY HE A L BT 92, K 43 1 X R F 28 AR, b 38 B < 5°, i AR 5T XL TR BRI
92.59% , %3 X 3 BE R RN 2 S BOR BRI K Tk
3.3 WREERRES

AR OK AR ARG Y VAR B . 0—1km/km® ,1—2km/km? ,2—3km/km? , 3—5km/km* , 5—7km/
km® , >7km/km® 4347 6 2% I 2R 25 L& R GIS BEi - 53 X 4% 1 48 4 B o B e o T FR B 84k, L6 4,

R4 MERHGBEFETUAE

Table 4 Gully density variations in study area

1996 4 2006 4 V4 %5 ARG L Variance
WA RE/ (km/km?)
Gully density TR km? % T A km? % TR km? et/ %
Area Area Area scale
0—1 43.95 62.62 45.14 64.32 +1.19 +1.70
1—2 22.78 32.46 21.10 30.07 -1.68 -2.39
2—3 2.32 3.31 2.67 3.8 +0.35 +0.49
3—5 1.13 1.61 1.27 1.81 +0.14 +0.20
5—7 0.00 0.00 0.00 0.00 0.00 0.00
>7 0.00 0.00 0.00 0.00 0.00 0.00
AT Total 70.18 100. 00 70.18 100. 00

7 7N AR U BN ; < 7 R T BB L A
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SRR WFFEIX 1996 4FEFI 2006 47764 %5 B fe K AH N 3—S5km/km® | K43 DI 78 45 25 B /& 0—1km/
km?, H 1996 4% 2006 4F{8 4% B AE AR L IR A K,
3.4 MR TR AR, R

7E IMAGING ERDAS 8. 4 #{FISE T iz i gk 3 AL E A1 5 1245 51 1996—2006 4F3fE 10 a H1 1996
AEH1 2006 AF 95T 1A 14 4% R R AR AR (£ 5) .

RS 1996—2006 FEFHAER T ERETU R
Table 5 The area changes of various land types during 1996— 2006

1999—2006 - Hh %%

e 199 4 2006 4 P BV Variations
Land type T A/ hm? % T A/ hm? % T A hm? FL A1/ 9%

Area Area Area Scale
JK B2 Trrigable land 477.53 6.80 390. 08 5.56 -87.45 -1.25
E 4 Dry land 247.13 3.52 454,73 6.48 +207. 60 +2.96
H M Forest land 19.73 0.28 27.83 0.40 +8.10 +0. 12
FEAB Shrub land 41.85 0.60 85.35 1.22 +43.50 +0.62
B Open forest land 79.95 1.14 146.55 2.09 +66. 60 +0.95
Fr a5 BE R Densely covered grass 88.50 1.26 610.35 8.70 +521.85 +7.44
thEEE R Medium covered grass 352.50 5.02 942.83 13.44 +590.33 +8.41
R EHH Low covered grass 900. 90 12.84 1023.15 14.58 +122.25 +1.74
T River and ditch 77.63 1.11 76.28 1.09 -1.35 -0.02
WA Lake 5.25 0.07 3.08 0.04 -2.18 -0.03
#Edh Bottomland 4.73 0.07 1.58 0.02 -3.15 -0.04
WAE L Town and construction land 21.30 0.30 95.40 1.36 +74.10 +1.06
A5 B Rural settlement 29.78 0.42 86. 85 1.24 +57.08 +0. 81
B HL Sand 2286.08 32.58 1544. 55 22.01 ~741.53 -10.57
HEARFHIH Unused land 2386.05 34.00 1527. 60 21.77 -858.45 -12.23
&t Total 7017.53 100. 00 7017.53 100. 00

47 7R A U P B T AR S LR 5 - 7R R T2 Y TR AR L s

25 BAERW T 10 a ok My m oS BT A A RIS HEARR BRI, | i R R | v 5 R R K
0 SRR b R A AT R P e S 0 2o 1 (10 2 #, HL v A K B R ) A e R R b | v o R M R
H, K GEH T A ARV R R AR b T AU T A R ) SR R U RN R T
3.5 KT R AR ER AN R R R 25 1 1

AWFFEAF ERDAS IMAGINE #04 , 5% F B 22 101 2021 1E 7 i % F 038 B AR E AT G IE , Tl 25 M4
Tl B RAE U IE IR 2E4E 12,5 m DATF . eyl 25 25 B IR 02 ok N TR i) =B, SR BUA 43 43 A 1A
I B AS T VA A B T LAAS B Y 4 5 B 5 SR VA A 8 B 8 A A
4 KkEFKEEWHER

T GIS F-&5 ARC/INFO WY HF T W 56 1 R I B8 3048 5 3 O TR Ak A 0 A
&, iz 11 2 A AR AR AT 00 A5 1K RIRR G RN HaEL, 78 (R 20 PbnifE) oK 1
TR 6 I RGE, R AL G M BRI A AL FE 78k K £ R L AP TR B 6 S, Hor ok
HHILE 6,

WKHEBIFTE X 07K L PR LA VAN 8 B0 T3 45 5 | iy 1 AR 5 DX AN B B3 14 7K A 0 2 5 B S5 4 /L, FL T GIS
GEITHIFGE X 45 I R 5 B BT o ) TR R L (R 7))

HER 7 AT, 1996 4F F1 2006 47 57 DX 19 A5 5 B 3k 2 DX T AR T o L 38 Ol e R, 49 il ol 55. 389 FNI
34.24% WF5E EE I X TR AER A T 21, 14%
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F6 HMRRKIREGEITMIBEEIRE

Table 6 Comprehensive index classification of soil erosion in study area

AR E R HEQVIPS

Extremely Violent and

K AR B (DGR BEEWRAR TR SRBE TR

Soil erosion intensity Shght loss Gentle loss Medium loss Heavy loss
heavy loss severe loss

KL BERLEE TN R £

Comprehensive index of soil erosion

1.10—2.60 2.60—3.90 3.90—5.10 5.10—5.90 5.90—6.50 6.50—8.21

*®71 WMERALRREAWRBESELE

Table 7 The area dynamic changes of water and soil loss in study area

K -7 2 1996 4F7K 3L K T 2006 4F7K + 3K TR R X T AR A
7 LR IR Areas in 1996 Areas in 2006 Variations

Soil erosion intensity

T/ km? % T/ km? %o T FH Area/km? A5 Scale/ %
LR X Slight loss 4.40 6.27 1.83 2.61 -2.57 -3.66
BRI IX Gentle loss 5.55 7.91 8.73 12.44 +3.18 +4.53
TS X Moderate loss 3.64 5.19 14.32 20.40 +10.68 +15.21
8 2R X Heavy loss 9.83 14.01 18.26 26.02 +8.43 +12.01
M B 32K X Extremely heavy loss 38.87 55.38 24.03 34.24 -14.84 -21.14
RIZUFR S X Violent and severe loss 7.89 11.24 3.01 4.29 -4.88 -6.95
“ 7 R IK A B TR ER E RGN 5 <~ R K A U R AR B H

5 KEIRKIDETHSF
5.1 WRXOKERESNEEL

HAE OR LAFFHARNE) , SE AR X Z 4K TR FHA IR S0 WP X L (R iR s IR 1 8 4= Tl i
PR 3, W3R 8.,

£8 MMBXTESMELKLS

Table 8 Soil erosion modules divisions in YULIN

o . . . . IR RN JRIE
R R Y PURTES B o BE Lk B E I 2 g;ﬁj Wm;;d
Intensity grading Slight loss Gentle loss Medium loss Heavy loss mey /

heavy loss severe loss
SRR (1o km 2 a™
RIBEY (1km™a™) 500 2500 5000 8000 15000 20000

Modulus

7 MK HiR R X TR (3R 6) , I 15460 3 i 328 BT 2k 1996 4F—2006 47K + i 4 & i 484k, WL
%90

£9 WRIX 1996—2006 &£ LiER K EHNTLT
Table 9 Dynamic Changes of soil loss during 1996—2006 in study area

B B R VHEEHTES

(CUERTTES BEEWRAR ERUERTES SREE TR Tk AR

Extremel Viole d
1996 4£ Slight loss Gentle loss Medium loss Heavy loss hxtrenie ¥ tolent 1an Total loss
§ - eavy loss severe loss
K st '
/(t/a) 2200 13875 18200 78640 583050 157800 853765
Erosion loss B e 2 s e
s ; ; ; T3 BE AL Qb
capacities oEnk  RERK Pk sk Tone BRIRR
2006 4F Slight loss Gentle loss Medium loss Heavy loss b ) Y ) Total loss
eavy loss severe loss
915 21825 71600 146080 360450 60200 661070
ARk Variance/ (t/a) -1285 +7950 +53400 +67440 222600 -97600 -192695
“+7FIROK BB BRI =" R oK R B>

HH 229 AT, AF9TIX 1996—2006 4FE7K i g i M 85.37 H vVa &3 66. 11 F v/a, /0 17 19.26 H v/
AT UL N BB HE IS 7K i O BRI D W R K L A I LA Tk as | 24 b i /K 3 S IR FY it TR B
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BT EXHEBEME,

(2) A3 e iz i

ONBRERINGR T 2N 6 6 35 10 S AL i, 28K TR 5247, 2hm? o 2 B 9 000 0F 8 905 B P ) - i % 3 B 52 S
A PREA Fh RS AL A TAR MK TR AT RO R 1 2 BT 4 X B A e 7 5

(3) 2\ B B A S IR 1) i3
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TR, B TR AR S8
6 it

AR FH A o 1 LA B LTI A 1996 4T K 8 I L 5 19 2006 4F 2 B BE ETM 38 BG4, L 1:25 Tl
TE R IR A A5 1 FE R ], 7E RS/GIS HOR MY SCHER , SR IR o 2 3 2 B P N 32 45 300 m DX 3 Py A 48 7 o
JE R 2R R AR RS 4 DPF IR A B SR R AT 0 T R 4 PR A (R, 1
GIS WS A A e J1 | XM 7K 4 i 2 3 BE AR AL 1Y 4 AN F 04T B 4 #r , A2 RUAF 9 IX K 7 2% iR 3 45 % 4
1R, FIH GIS Guit A BT A 7K 326 X B TH R, S BEWF 58 XN [RR 1 2 8 i) = AR ph 5k, 45 1 1996 4
F12006 A BEUTL A TR XK 23 2 i, XA B TR K L R A T B AR AR 43T, 43 Ir 45 SR 2= W

(1)1996 4EF1 2006 AFAIF5E X AR 58 B2 Ui 2k DX T AR o Fo A9 129 SRy g K, 0 53l 55.38% il 34.24% 15 &
TR DX ARN D T 21.14%

(2)WFFEIX 1996 4E—2006 47K t i sk B N 85.37 Ji v/a FEAKE] 66. 11 J7 t/a,idi/b T 19.261/a, K+

(3) it e A BEAE S R A BR AL TR B vD VD TR AR KA T AR SRR A 7 5%, 2 I B Jul 2
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