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Approach of evaluation on landscape protection along the Qinghai-Tibet Railway
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Abstract: Starting from Ge’ermu City of Qinghai Province in the north and ending at Lhasa, the capital of the Tibet
Autonomous Region in the south, Qinghai-Tibetan Railway will stride across 594 km in Qinghai Province and 545 km in Tibet
Autonomous Region. Besides section from Ge’ermu to Nanshankou in the north where the railway pass through the south edge
of the Chaidamu Basin, most parts of the railway cut across Qinghai-Tibetan Plateau with an elevation of more than 4500
meters above sea level. Qinghai-Tibetan Plateau is one of the most fragile and least man-made disturbance region in the world.
The construction of the railway will inevitably result in certain damages and influences on the plateau landscape along the
railway.

Using Remote Sensing (RS) and Geographical Information System (GIS), landscape types. slope and visibility etc. for
Tibet along the Qinghai-Tibet Railway were mapped. Taking landscape types as evaluation targets, the scenic beauty of the
landscape along the railway was analyzed by expert judgment. Landscape threshold was calculated based on sea level, rainfall,
vegetation coverage, Shanon-Winner diversity index, plant species richness, topsoil thickness, the net primary productivity,
sensitivity coefficient to engineering impact and rehabilitation ability coefficient. Based on the classification of landscape scenic
beauty and threshold along the railway. landscape quality was calculated. The landscape sensibility level along the railway was
analyzed according to the relative slope from the viewer and visibility analysis. According to landscape quality, landscape
sensibility level and distance zones. landscape protection grades were developed. The impact of the railway construction on
landscape was analyzed based on the specific locations of sand and stone material fields and other construction sites.

Based on the above analysis and evaluation, 4 grades of landscape protection are classified to provide scientific basis for
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reasonable designation of construction sites.

The first grade landscape protection zone includes alpine ice and snow, lake, river and valley, alpine shrub, alpine swamp
meadow , special human settlements; alpine meadow in foreground zone or with slope over 15° in middle-ground zone or with
slope over 30° in background zone, etc. These areas are of high scenic beauty and sensitivity, and lower landscape ecological
threshold. Slight and partial man-made disturbance will lead to strong ecological and visual impacts to these landscape types,
and the landscape destruction from the railway construction can be hardly recovered. Therefore, construction spots, especially
sand and stone material fields are not allowed in this zone.

The second grade landscape protection zone includes alpine meadow with slope less 15° in middle-ground zone or in with
slope 15° to 30° in background zone or temperate steppe, alpine steppe, alpine meadow steppe, farmland with slope less 15°in
foreground zone or 15° to 30° in middle-ground zone or over 30° in background zone, etc. These areas are ecologically fragile
and sensitive to man-made disturbance, and the recovery after the construction is relatively slower. The area and length along
the railway of the construction sites in this zone should be cut so as to alleviate the visual impact. Meanwhile, it is necessary to
ensure the recovery of natural vegetation and landscape after the railway construction.

The third grade landscape protection zone includes alpine meadow in seldom-seen zone or with slope less 15° in background
zone; temperate steppe, alpine steppe, alpine meadow steppe. farmland with slope less than 15° in middle-ground zone or 15°
to 30° in background zone. The areas except for grade-one, grade-two and grade-three belong to the fourth grade landscape
protection. Most of the construction sites for this railway section are located in the third and fourth grade landscape protection
zones with smaller ecological and visual impact on the landscapes. Furthermore, the recovery of landscape after the railway
construction is relative faster in the third and fourth grade landscape protection zones.

Key words: Qinghai-Tibet Railway; landscape scenic beauty; landscape threshold; landscape quality; landscape sensibility

level; Remote Sensing (RS); Geographical Information System (GIS)
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Table 1 Scenic beauty of the landscape along the Qinghai-Tibet Railway. based on expert judgment
. . Adjacent . . Total Landscape
Landscape types Landform Vegetation  Water Color Scarcity . .
scenery score quality rating
Alpine ice and snow 5 1 0 5 5 6 22 I
Temperate steppe 2 2 0 3 3 3 13 m
Alpine steppe 2 X 0 3 3 3 13 Il
Alpine meadow steppe 2 3 0 3 3 3 14 Il
Alpine meadow 2 4 0 4 4 4 18 I
Alpine swamp meadow 1 4 1 4 4 4 18 I
River and valley 2 1 4 4 4 4 19 1
Lake 1 1 5 5 4 5 21 1
Alpine shrub 3 5 0 4 4 4 20 I
( ) Sand dune 1 1 0 1 3 1 7 IV
Gobi 1 1 0 2 2 1 7 N
Farmland 1 3 0 3 3 2 12 I
Human settlements 1 1 0 3 3 3 11 N
2.2.2 s
L2l ’ ’ ’
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Table 2 The main landscape types and their environmental character along Qinghai-Tibet Railway
Nature indices Impact indices
Landscape types
H(m) R(mm) rovy%)  SWDI SOVS ST(cm)  NPP (kg/hm?) SCOEI RC
® 4500~6200 300~800 0~2 0.07 0~1 0~10 0~10 0. 90 0.2
® 3500~4300 300~400 15~45 0. 44 5~15 5~10 1320~2800 0. 30 0.6
4300~5200 100~300 10~50 0. 37 5~10 5~20 850~2650 0. 35 0.5
® 4300~5200 300~400 20~40 0.42 8~12 10~30 750~2720 0. 40 0.4
© 4000~5200 300~500 70~90 0. 37 6~14 20~50 950~2350 0. 50 0.3
© 3700~5100 300~600 0~15 0.22 — — 50~1000 0.45 0.3
@ 3800~5000 300~600 0~2 0.15 10~100 0.75 0.1
®  4000~5100 300~600 80~90 0. 50 9~16 20~50 850~3500 0. 85 0.1
© 4000~5000 300~500 30~50 0.53 8§~20 20~40 750~1800 0. 45 0.5
© 3500~4000 200~400 10~95 0.48 10~15 10~30 7500~15000 0. 30 0.4
@ 0. 07 0. 08 0.10 0. 05 0. 05 0. 07 0. 08 0. 25 0. 25

(DAlpine ice and snow; @) Temperate steppe; @3)Alpine steppe; ) Alpine meadow steppe; 3 Alpine meadow ;

River and valley; ®Lake;

. Vegetation coverage ; SWDI ; Shanon-Winner

©)Alpine swamp meadow; (7)

©Alpine shrub; (0Farmland; (DWeightness;H : ,Height above sea level ; R: ,Rainfall ; POV ;

,Shanon- Winner diversity index;SOV.S ; 1m? ,Saturation of vegetation

species in 1m?;S7': ,topsoil thickness; NPP . , The net primary productivity ; SCOEI ,Sensitivity
coefficient to engineering impact; RC'; ,Rehabilitation ability coefficient
A N o b
. ’ . 9
’ ’ H ’ ’
9’ . ’ o
3
Table 3 Fragile degree and landscape threshold of the main landscape types along Qinghai-Tibet Railway
Landscape Alpine ice Temperate Alpine  Alpine meadow  Alpine Alpine swamp River and Alpine
Lake Farmland
types and snow steppe steppe steppe meadow meadow valley shrub
. 0. 858 0.262 0.413 0.421 0.411 0.670 0. 586 0. 830 0. 314 0.237
Fragile degree
Judge of Extremely Light Moderate Moderate Moderate Extremely Very Extremely Moderate Light
frangibility fragile fragile fragile fragile fragile fragile fragile fragile fragile fragile
0.142 0.738 0. 587 0.579 0. 589 0. 330 0.414 0.170 0. 686 0.763
Landscape threshold
The grade of I N il il il I I I i N
landscape threshold
2.2.3 s . ; s
[35]
p=10r N P (2)
P \ Do “ b . ,
A.B.C.D 4 C 4,
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Table 4 Classes of landscape quality along Qinghai-Tibet Railway

Landscape quality Landscape types
N . . . . ( . .
A ) Alpine ice and snow. lake, river, alpine shrub, alpine swamp meadow. special human

settlements and the other landscape types

B Alpine meadow
c . . . Temperate steppe, alpine steppe, alpine
meadow steppe, farm
D . ( ) . Gobi, sand-dunes,human settlements
2.3
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0.5m.0.5~3~5.0m 5.0m [38.39] Fig. 1 Landscape sensitivity levels according to visibility along part

of Qinghai-Tibet Railway
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Table 5 The matrix of classes of visual quality objectives
Visual sensitivity levels
I I It 4
Rating of
landscape
protection Foreground Middleground Background Foreground Middleground Background —Foreground Middleground Background — Not visible
zone zone zone zone zone zone zone zone zone zone
A I 1 I I 1 1 I 1 1 1
B I 1 I I 1 I I I i )i}
Lands,cape C I I 1 I I il 1 il N N
quality
D I I I I It I It v I\ v
<15° 5 <15°
15°~30° N N N 5 <15°
N 15°~30° N N ( ) .
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