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Evaluation of water erosion loss on the northern slope of Tianshan Mountains under tourism disturbance:
Taking west Baiyanggou watershed mountain scenic spot as an example
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Abstract: In order to explore the effect of tourism disturbance on the mountain scenic spot in west Baiyanggou watershed, we quantitatively

estimated the economic loss of water erosion under different disturbance intensities, and then analyzed the change law of water erosion
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economic loss. The relationship of tourism disturbance with soil physical and chemical properties and vegetation coverage was also

evaluated, based on data collected in the national soil erosion survey and the Chinese Soil Loss Equation (CSLE) and water erosion
economic loss evaluation model. The results showed that under different tourism disturbance intensities, the soil physical and chemical
properties and vegetation coverage were significantly different. Compared with the no disturbance sites, the decrease of soil water content,
saturated water content, and soil porosity in severe sites were 51.67%, 32.23%, and 13.30%, respectively. The contents of soil available N,
P, and organic matter decreased with increasing disturbance intensity, but the content of soil available K tended to increase. The vegetation
coverage of the light, moderate, and severe disturbance sites decreased by 14.18%, 43.32%, and 92.35%, respectively, compared with the
control group. With the increase of tourism disturbance intensity, the values of soil erodibility K and biological measure B increased
significantly, and soil erosion also significantly increased (<0.05). Compared with light disturbance, the increase of soil erosion modulus
in moderate and severe disturbance sites were 79.31% and 204.79%, respectively. On-site and off—site economic losses as well as total
water erosion economic losses showed an increasing trend with disturbance intensity. Among them, on—site economic loss was much greater
than off-site economic loss, and soil nutrient loss and vegetation diversity loss were the main contributors to the total economic loss of water
erosion, which accounted for 93.56%, 92.68%, and 94.94% of the total economic loss of water erosion in the mild, moderate, and severe
disturbance sites, respectively. When the disturbance intensity increased, the loss of vegetation diversity was higher than the loss of soil
nutrients, and it would have a primary water erosion economy loss of 1.17x10* yuan-hm™+a™ and 2.49x10* yuan+-hm™+a™" in moderate and
severe sites, respectively. Vegetation coverage was the most sensitive to water erosion economic loss. Every 1% reduction in vegetation
coverage lead to 4.98X10" yuan increasing in water erosion economic loss. The study also indicated that tourism disturbance intensity is a
key factor affecting the water erosion intensity and economic loss in mountain scenic spots. Therefore, to control the intensity of tourism
disturbance, it should be combined with the analysis of soil erosion parameters, strengthening the management of soil exposure, the use of
plant trample resistant vegetation, and assessment of tourism carrying capacity.

Keywords: tourism disturbance; CSLE model; economic loss of water erosion; west Baiyanggou watershed mountain scenic spot; north

slopes of Tianshan Mountains
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Table 1 Assessment indicators , formulas and parameter descriptions of hydraulic erosion economic loss of

tourist attraction in the west Baiyanggou watershed mountain scenic spot

F8PR T3 Index and

calculation formula

HKHEI Types )77 Methods ZHH Parameters description

Nass g ek R NTPRIEN AS R BRI, JC - hm ™ a™ s C O HIEBTIRAG B S L 0 - m™ s FE T3 BT I K A, R

gk AS=CxHlp 436 JG m” s H RER MG t-hm 2 a” s HO HIER G - hm™ a5 e iy LI ARIVFR D
H=H—¢ E,HXSt'hmfz'a’”}”;pﬂﬂi%@i,g'cm’s

i E TR R M, R HIEF IR, TC - hm a3 b A IR B G SR A HUIE A%, Je - B 2016—

2018 £ 2 2001 650.2 000.2 000 JT-t"#; D,y N P K A HLG 05 R 25 . i

MR b DX R o LRGSR EL, 218 2.16 238 161 222 R J3 LR N P K 15 4B 21

At'zﬁ;‘,mg-kg’l
WA P A i R KR ML 75 5 5, m? s Lo B ST IE o0 - hm a5 2R BL0.5 mP;
K=H/(cxp) M NYREZ 5 B4 )2 IR BL0.3 m ;5 Z R sy - 5 i A, Je - m ™, B 21.13 78+ m?
1=KxMxZ
Blenu Ak EHEFHL IR RS, B m 0,73 R m
1=Kx];
LI ZLNIERES ISR E= TN Ko 3K A0 g i, w5 S, - ARk 1 B, U 1 han? s MR K PR 3R 45125, O - hm 2
K=Y Six AM. X (Z; —z)  a™'s AMi=Hlp Jy V-3 - 5 A JRBE , mm; Z 2k L SR G K A, % 5200 13— M K
i B, % 57 R L B ; BGE = 434905 7K 105 K, R 40lk FHZK i, e 2016—
M.=KXK. 2018 4EFHMH% 0.13 T6-m ™
WP TRk VIS TS C. R ML PEPEZS R 35 70 B 2016—2018 4E-F- 24 38 FH 17.15 JG-m ™+
M,=KxC,
I RNIERES LB ES G EMIIB =5, OG- hm a5 0, 09K L3 AL UL 1 hn; e, 4 52 R 5, A HE
Y;=a-ba+dx’ [ EL AR5 HH4F 5920162018 AEME H7 0.95 3 b =Y Je, Y R B T AR/INZ 774, t-hm ™, B

G=Y c. X hi X AM; X 0: X Cy, 2016—2018 4 517 5.43 t+hm™*; C, /N HuLAfy T 2016—2018 41444y 2.90 JG-kg '

GIRIL NS TabE ZREHERTR SRR ZAEPER RN, OG- hm a5 U B T AV R S REPEAN (I, O0 - h 2 26T
S, =UXAXf (HMATS R GRS I REPEALHLIEY B3 000 JC - hm 23 A R BRI AL BUHE 1 h s /A
[ it Vit I 5t B T A P 3, %
Wishasr BT TRE TRV S D, IDHE P 2B 2%, OG- hm 22!
ik D=HxX24%xC,Jp
WRAE T PV R DN TRV IR B 2 BRI 48, 0 - hm™ - a7 s KW B, O - m™, 6 T3 5% I MK 9550, i
D=Hx33%xK,/p 2016—2018 4 -1 9% 16.47 J6-m™

T RAE ST H PR AR

Note: * represents field research data.

R2 MRFFTIH TEEAMR ERESEENZIT

Table 2 Impact of tourism disturbance on soil physical and chemical properties and vegetation coverage

FE8H% Indexs ND LD MD SD

HHEE K % 31.4120.03a 19.81+0.01b 16.470.01b 15.18+0.04b

K/ (g-em™) 0.78+0.02h 0.88+0.08ab 0.90+0.02ab 1.03+0.08a

IR K % 90.70+0.03a 78.49+0.10ab 73.10+0.02ab 61.47+0.09h

LB % 70.58+0.01a 66.98+0.03ab 65.87+0.01ab 61.19+0.03b

PR 5 13 1 %0 89.80+0.05a 77.07+0.01b 50.90+0.03¢ 6.87+0.03d
3G A (mg kg ™) 234.13+18.82a 192.04+13.81h 188.3620.17h 188.10+0.01b
A (mg - keg™) 227.91+37.03a 173.30+67.02a 131.88+15.72h 140.04+25.54h
F I (mg ke ™) 133.33+18.56¢ 449.81+34.26a 296.30+39.29hc¢ 328.89+58.01h
HEEATHLF/ (g-kg™) 206.84+23.78a 201.63+7.19a 120.58+10.87h 104.49+10.85h

TE BUE RV b e 22 s A [R)/INS - REFOR N R 1410 56 B2 Ak 30 ] 22 7 48 25 (P<0.05) .
Note : Data are Mean+SD; Different lowercase letters indicate significant differences among different treatments of tourism disturbance intensity

(P<0.05).

Bi&HE M 133.33~449.81 mg-kg!, FIEAPLTR SR A Al S A LT B i P BE T o B G I At R B
104.49~206.84 g-kg™', Bl R INH T HEHE A A PR S AR R G TRk e, R R AT RE Y £
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Table 3 Correlation analysis between soil physical and chemical properties , vegetation coverage and water erosion economic loss

i H Items y % 2 x5 X4 xs Xe ¥ x5 X9
v 1.000
X1 0.762%* 1.000
X —0.784%* -0.683* 1.000
X —-0.781%* —0.953%%* 0.694* 1.000
X4 =0.772%* -0.977%%* 0.732%%* 0.966%* 1.000
Xs -0.591%* -0.574%* 0.815%%* 0.574* 0.625% 1.000
X6 -0.517* -0.666* 0.401 0.692%* 0.664* 0.235 1.000
X7 0.332 -0.290 -0.586* -0.227 -0.260 -0.531%* -0.203 1.000
X8 —0.784%** -0.617%* -0.579%* 0.605* 0.599* 0.414 0.541%* -0.082 1.000
X9 -0.972%* —-0.723%%* 0.727%% 0.738%* 0.713%* 0.490 0.394 -0.223 0.791%* 1.000

sy KRR o — TSR T o — IS K e I BB s wa— TIOR3 7K s oos— - SBEBRUAR L 5 oo— 1 3BEE 2000 5 o— T HEHRK
B o LI WU s oo — R B SR . R 03001 3R JL 25 AH DG (P<0.05) FI i # AH 3G (P<0.01) o

Notes : y—water erosion economic loss; xi—soil bulk density ; x;—soil moisture content; xs—soil porosity ; xs—saturated soil moisture content; xs—soil

available N; x¢—soil available P; x;7—soil available K;xs—soil organic matter; xo—vegetation coverage. * and ** are significant correlation (P<0.05) and

extremely significant correlation (P<0.01) ,respectively.
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