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Abstract: In recent decades, the Qinghai Tibet Plateau ( QTP ) has experienced a rapid urban expansion, which has
brought serious threats to the local ecology and environment. Location factors (e.g. topography, transportation and river,
etc.) will affect the spatial pattern of urban expansion, and then change its impact on regional ecology and environment.
Therefore, it is of great significance to understand the characteristics of the location factors of urban expansion for the
protection of the ecology and environment on the QTP. In this study, we analyzed the impact of location factors on the urban
expansion of the QTP at multiscale, that is, the whole region, the biome and the ecoregion. First, based on the long-term
urban land dataset, we analyzed the urban expansion of the QTP. Second, the random forest model was used to analyze the

location factors of urban expansion on the QTP. We found that the QTP experienced rapid urban expansion during 1990—
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2020. The urban land area of the whole plateau increased from 277.4 km’ to 974.9 km®, an increase of 2.5 times. Elevation
was the most important location factor affecting the urban expansion of the QTP, and its importance was 30.1%. However,
the importance of elevation to urban expansion declined from 1990 to 2020. In contrast, the railway factor was the location
factor with the largest change in importance to urban expansion, increasing its importance by a factor of 3.9 from 2.15% to
10.56%. The study also found that the construction of the railway not only promoted the urban development of the QTP , but
also affected nearly a third of the endangered species in the region. Therefore, in the future urban development process of
the QTP , attention should be paid not only to the role of railways in driving urban expansion, but also to reducing the

impact of railways on surrounding biodiversity, so as to promote regional sustainable development.

Key Words: Qinghai Tibet Plateau; location factors; random forest; urban expansion; biodiversity
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974.9 km* #K T 697.5 km* MK T 2.5 i, SAEWREX A (L 5 R ATE XY T P R AR oK, IZREIX
WY AN 467.5 km?, 54X IR P R SRR 67.0% ., 7 L b5 5 FE AE X rb 0 4R i T D\ ) 2B S
XY R AE K, Ry 244.3 km®, 5 Ll B R EAEEX P R B AR 52.3% (£ 1. %22 K 3),

R11990—2020 FERWE RS HEAT LY R
Table 1 The urban expansion in Qinghai Tibet Plateau from 1990 to 2020

IR T T B km? W R AREL

HEYITEIX Urban area Urban expansion index
Biomes 1090 5020 1990—2020 B FIBARFE L

Uk i P A TR BRI 1990 2020 1990 2020
MGS 173.49 640.98 284.21 44.20 139.08 0.006 0.016 0.88 2.92
TBMF 42.89 122.11 25.09 36.50 17.63 0.137 0.146 2.63 3.86
DXS 31.71 78.56 22.84 6.48 17.53 0.009 0.014 0.56 1.12
TCF 27.12 116.92 40.84 5.04 43.92 0.008 0.041 0.44 2.15
TSMBF 1.12 7.51 3.35 0.04 3.01 0.013 0.082 0.10 0.79
TSCF 0.81 2.23 0.48 0.09 0.85 0.045 0.113 0.19 0.50
TGSS 0.28 6.59 5.44 0.12 0.74 0.012 0.017 0.06 0.38
41X Whole region 277.43 974.91 382.23 92.48 222.77 0.009 0.021 1.46 4.20

RPEEERE T ARRE M AEWREX 53500 MGS.: 1113 % 5 AN AR X Montane grasslands and shrublands ; TBMF ; Y545 i - 0R 32 pRBE IX
Temperate broadleaf and mixed forests; DXS : e Fl T 2 HEMBEIX. Deserts and xeric shrublands ; TCF ; #i&7# £1 K Temperate conifer forests ; TSMBF ; #
H A I HBRBEIX. Tropical and subtropical moist broadleaf forests ; TSCF ; #4H W 4 £ H-#BE X Tropical and subtropical coniferous forests ;
TGSS ; JHF H JFEFIFHEAREIX. Temperate grasslands, savannas and shrublands

Fz2 1990—2020 £ ILhEFEFEMBRZESXEHY BitiE

Table 2 The urban expansion of each ecoregions in the montane grassland and shrubland biome from 1990 to 2020

IR T T B km? W AL

HERKX Urban area Urban expansion index
Ecoregion 1090 5020 1990—2020 B B O UNI TN

Uk i A A Tk BRI 1990 2020 1990 2020
STSM 97.54 341.80 154.40 29.63 60.23 0.018 0.039 1.13 3.37
YTAS 36.64 111.24 50.57 4.52 19.52 0.033 0.117 0.98 3.20
CTPAS 16.74 92.48 51.16 3.87 20.97 0.003 0.007 0.20 1.14
TPASM 16.55 76.41 32.29 3.87 23.69 0.006 0.020 0.27 1.22
KWTPAS 2.04 8.07 1.92 0.11 4.00 0.006 0.018 0.11 0.39
EHASM 1.16 1.94 0.22 0.03 0.53 0.001 0.002 0.01 0.05
WHASM 0.94 3.95 0.70 0.07 2.24 0.004 0.014 0.07 0.25
PADT 0.27 2.04 1.29 0.09 0.39 0.001 0.001 0.02 0.05
NHASM 0.08 1.29 0.33 0 0.88 0.001 0.008 0.01 0.11
QMSM 0.06 0.26 0.08 0 0.12 0.001 0.001 0.01 0.01
HKAM 0.03 0.05 0.01 0 0.01 0.001 0.001 0.01 0.02
NTPQMAS 0 0.02 0.02 0 0 0 0.001 0 0.01

KRG GEE 12 RRIGALSIX ;500028 STSM . 5 75 B AR A 42 25 X Southeast Tibet shrublands and meadows ; YTAS : € i A V1. 52 5%
JFAEAS X Yarlung Tsangpo arid steppe ; CTPAS ; 77 98 5 J5 1 i ZE H A2 A5 X Central Tibetan Plateau alpine steppe ; TPASM ;7 7 = Ji 1= € 7 A i ]
A Z X Tibetan Plateau alpine shrublands and meadows; KWTPAS : 1 Wi B -7 j 155 J52 VG 35 = 2E #1 )51 A2 25 X Karakoram-west Tibetan Plateau alpine
steppe ; EHASM ; B SR 2R g L A ) A A X Eastern Himalayan alpine shrub and meadows; WHASM . = T R T S v L A R A AR A X
Western Himalayan alpine shrub and Meadows ; PADT : 12K /K {5 FEFE IR I & A2 45 [X. Pamir alpine desert and tundra; NHASM ; 5 T A P63 = 1L
NFA A X Northwestern Himalayan alpine shrub and meadows ; QMSM : £33 111 3 755 111 %04 A= &5 X, Qilian Mountains subalpine meadows ; HKAM ; EfJ
BEEA R IR A A2 ZS X Hindu Kush alpine meadow ; NTPQMAS : 7 8 i1 J 6 8- B € 1L & Z€ 57 I 4= 25 X North Tibetan Plateau-Kunlun Mountains

alpine desert
TR ST R R LU R F XA R A, 382.2 km?, T R S IR AY 54.8% .,
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Fig.3 The urban expansion on the Qinghai Tibet Plateau from 1990 to 2020
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32.81%, BNk BEES 2 HE R ) 5 XA R R B EE MR Z, 23050008 19.39% ,14.98% F1 10.77% ., i
e R R IR T R A BB T 10%, A AEWRE X s R R 5 e T R e R T R A R
PR ZE b Ll R SRR A X S R B B e K, IR R R M 31.93% , BT rpuc
FEES MBS FI BE ( TEEME4 R 21.63% 13.229% F1 11.14% . Bk F& 3 B FA) i 45 R 25 i F M/ T 10%
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M EENER 2, 90 22.29% 13.36% 12.25%F1 11.92% . 3% & Fl i 2 Z i BB/ N T 10% (8 5) .

MGS 21.63 1322 11.14 9.73 6.89 5.48 =T 35.0

TBMF | 2899 21.16 14.06 1336 10.21 8.71 3.51

TCF [28.61 24.84 452 1464 1676 8.65 1.98

DXS | 2786 2325 485 1549 11.67 1123 575

TSMBF |2329 2259 1382 12.03 22.01 5.54 0.72

PR A%

TGSS [ 2256 1727 1691 1506 14.63 1142 215

TSCF | 2091 1845 1887 1589 1834 1039 0.05
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Fig.4 The importance of location factors of urban expansion in different biomes from 1990 to 2020
PR 4R E0FR 7 DA AEIREIX s 23 51 MGS ;113 55 J5UR#E AEE X montane grasslands and shrublands ; TBMF ; i i I 1 1R 52 MR IX
Temperate broadleaf and mixed forests; TCF ; Jii 7 &1 ' #k Temperate conifer forests; DXS ; 3t % Fll T 5 #E M BE X Deserts and xeric shrublands;
TSMBF ; A5 I PR3 77 I AREE X Tropical and subtropical moist broadleaf forests; TGSS ; I 25 JFUFITE ABEIX. Temperate grasslands, savannas
and shrublands ; TSCF ; $7 T #AF 4 - ARAE X, Tropical and subtropical coniferous forests

FEANEY AT, M AR AR X IR R e R XA 2, KR b FEIR T B AR e K 1
NG R MR E NN 30.62% 55 E A XA R Z R BT OO RS O 19.67% ., FEERR
TR R AR R TR B R 32.03% F1 25.21% (181 6) o FES T4 R 10 AR f5 R A L il o JE
DA R e R X ek R R 0 % AR A P SRR — o Tl 7 SR AR X A B R 40 BN 32.04% ,29.25% 1 25.78% , 1L
O RANFY RAT EEM R A XA 2R (B 7)o 7 L 0 S5 AR DX Tl 7 1 AR e o 1) 77 o TR A
) A AR X e R e R TR 0 % TR ORI P R AR =R el T AR Y M 4 R 27.07% . 31.33% FI
27.43% , [AIFEX R R R N R R XA R (E8) .

3.3 WY R AR X A N A AR

R AT IR T J  E S AR 1990—2020 4F M [RI /N, 4 IXORUBE | i AR SR Y 1990—2000 4F 1Y
35.10% 98/ 5 2010—2020 4F19 31.06% . TEAPIREX RE I, Mt 2l 2 B N iy, b 1l &
JECRTHE IR DX (1) o R BRI/ N 22, R 35.77 %0k /N3 31.46% (3% 3) , 7E Ll Hb 5 JFURTE N AE W B X | 4%
AR EREEMER/NT 1.72%—5.49% , b 24P DR 5 i B 5 K A B A e T A e AR 2R XY
AR EAEI/N 4.04% (1 9) , B ST & PR T R S A 3k Tl - I AR R W A R I R X R
FR A = R 7 e SR T R ) BRI FH LE AR/ . FR T 55 %o v SO A 4 R b ) DR A T
JH T MBI AZ B SR, T A SR ANWTIG S X — e R b S SO T A WA R T Ak b X
KR

http ; //www.ecologica.cn



17 1 THE A T RO T R AR A XL Y R —— T REALARAR A 2 R by 6991

CTPAS 2229 1336 1225 1192  6.05 @ 3.54
YTAS 2405 1501 1113 687 851  3.99
STSM 20.82 13.68 947 10.64 989 538
TPASM [2895 2029 1346 1402 1127 632 5.69
KWTPAS (2631 1733 789 2531 9.11 971 434
WHASM | 24.08 20.81 12.73 20.01 1201 872 1.64
o i E i i i i
i = ® &= &= ® =
g £ £ g
- B £ B
+ ¥ S =
£ = = =

=

=

- 35.0

PR E L%

5 1990—2020 FLMEFEMEMBFR ARRESREHT BEERACEENEE S

Fig.5 The importance of location factors of urban expansion in different ecoregions of montane grasslands and shrublands from 1990

to 2020
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Fig.6 The importance of location factors in different urban expansion modes on the Tibetan Plateau
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Fig.7 The importance of location factors in different urban expansion modes on montane grasslands and shrublands
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Fig.8 The importance of location factors in different urban expansion modes on southeast Tibet shrublands and meadows

®3 EEMIAKBMEENERSEATT RNEERY

Table 3 Importance of elevation and distance to railways for urban expansion in Qinghai Tibet Plateau

[X A7 PR 2 A Importance of location factors/%

AR —
Biomes i Bt O B
1990—2020 4 2010—2020 4F- 1990—2000 4F- 2010—2020 4F-
MGS 35.77 31.46 3.26 9.88
TBMF 31.05 28.10 0 18.87
DXS 27.99 26.71 6.93 14.71
TCF 30.83 27.72 14.42 19.72
TSMBF 19.20 24.26 17.33 18.94
TSCF 21.78 19.20 0.84 16.40
TGSS 23.49 20.23 0 20.22
42X Whole region 35.10 31.06 2.15 10.56
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Fig.9 Changes in the importance of location factors for urban expansion on the Qinghai Tibet Plateau from 1990 to 2020
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