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Abstract; The rapid economic development and the continuous intensification of human activities causing various ecological
and environmental problems, have posed a serious threat to sustainable development of city. For the optimization of the
ecological environment of urban agglomeration, it is of great help to explore the changes of the land use of urban
agglomeration, the characteristics of how its ecological carrying capacity changes, and its ecological sensitivity. These three
factors above could be used as an important basis when it comes to improve the land use management of urban
agglomerations. This study takes urban agglomeration in the northern slope of Tianshan Mountains as the research area,

analyzes its land use change from 2000 to 2020 based on land use data, and uses the Ecological Footprint model to measure
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the ecological footprint and ecological carrying capacity of the study area. Combined with five ecological sensitivity factors
including vegetation coverage, slope, population density, land use type, and elevation, a multi-factor comprehensive
ecological sensitivity evaluation was carried out on urban agglomeration in the northern slope of Tianshan Mountains. The
results show that from 2000 to 2020, the transfer of construction land and cultivated land within the agglomeration was
relatively large, increasing by 107.79% and 46.45% respectively, and that the area of forest land and water area have
gradually decreased. These factors reflected that during the time urban agglomeration in the northern slope of Tianshan
Mountains was in the stage of rapid urbanization, where the continuous expansion of urban built-up areas posed a certain
threat to some ecological production land. In such context, the per capita ecological footprint of the urban agglomeration has
generally shown an upward trend, the ecological deficit of biological resources still existed, and the ecological surplus of
other resources ( mainly energy) has shown a shrinking trend. The highly-sensitive area of ecological sensitivity were mainly
distributed in the surrounding areas of the cities, covering the area of 11.21% of the urban agglomeration, meanwhile the
moderately-sensitive areas surrounded the highly-sensitive areas, accounting for 35.18% of the target area. For the future
development of urban agglomeration in the northern slope of Tianshan Mountains, it is necessary to conduct an evaluation of
regional ecological sensitivity, and propose different protection and utilization strategies for different ecologically sensitive
zones. In the meantime, advantages of each city in the region shall be fully considered to promote the rational use of land

resources and to improve the development ecologically, socially and economically.

Key Words: urban agglomeration in the northern slope of Tianshan Mountains; land use change; ecological footprint;

ecological carrying capacity; ecological sensitivity analysis
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Fig.1 Schematic diagram of urban agglomeration in the northern slope of Tianshan Mountains
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Table 1 Ecological sensitivity index classification standard

WA T B P R R R rh BE U B8 ¢

Evaluation factor Mildly sensitive Low sensitive Moderately sensitive Highly sensitive

MR 5 NDVI <0 0—0.12 0.12—0.25 0.25—1

i RE Slope/(°) 0—5 5—15 15—25 >25

N FZ5JE The population density >20 11—20 6—10 0—5

F R 2T Land use I FH Hb/ #E1 FH th HEHs L M 7K 5k

12 Elevation/m >2600 1300—2600 500—1300 <500

TR Assignment 1 3 5 7

NDVI; JH—AEAEBEFE L Normalized difference vegetation indes
2 ASHBEHEERETFIE
Table 2 Ecological sensitivity judgment matrix and factor weights
FEGE T OB i BN TS i e
Evaluation factor NDVI Slope . Land use Elevation Weight
density

FERE 5 B NDVI 1 7 5 3 173 0.2964
Y5 Slope 1/7 1 1 1/3 1/5 0.0595
N A% £ The population density 1/5 1 1 1/3 173 0.0749
T3 HIZE A Land use /3 3 3 1 /5 0.1357
A2 Elevation 3 5 3 5 1 0.4335

3 HBREHS

31 AR

WA 2 FT7R, 2000 4F % 1L A3 308 v B A 4 1) 28 380 LR R R b oA 32 (1 54.79% ), Rk O B (
32.07%) , 1M E] 2020 4, K ACIE 3T HEATS L AF] FH b Ay 325 FH b SIS H80 | M) FH b R 5 L 3] A G A e EL I
AW 50 53.99% F1 30.42% T Ax FHHLZE TR rbv b FH b R 35 FH B RR R 0, Bitb e AR 2000 415
2020 AEAHEINEE R 7131.81km* , ARALR Ky 46.45% ; #1314 A8 £ i 14K e B o, B9 N 1762.12km* , 28 fk
SRIRF 107.79% ., MR K ST FH bR AR RIS 10 PN T Rl s e K, 43 302 49.659% F1 47.52% (3% 3) .

BEA R AL KA Wb i DFSE DX A A BT AR o LS 1Y 0.84%%1) 1.75%

F3 2000—2020 £XR b HEH TR LA AETN

Table 3 Land use change of urban agglomeration in the northern s30lope of Tianshan Mountains from 2000 to 2020

A F bR A Bt it 8 ) K3 H5 A
Year Land use types Cropland Forest Grassland Waterbody Built-up land Unused land
2000 TRy km? 15353.21 5156.14 62204.01 3336.10 1634.77 106273.05
2005 TRy km? 16432.88 5170.48 61286.84 3334.64 1817.91 105914.25
2010 T/ km? 21347.89 2742.33 57875.41 1834.01 2347.14 107814.31
2015 TRy km? 20545.52 2596.48 59196.74 1765.44 3085.32 104780.68
2020 TRy km? 22485.02 2596.09 59020.78 1750.82 3396.88 104718.49
2000—2005 T RVE b/ km? 1079.67 14.34 -917.16 -1.46 183.14 -358.80
A/ % 7.03 0.28 -1.47 -0.04 11.20 -0.34
2005—2010 T LB/ km? 4915.01 -2428.15 -3411.44 -1500.62 529.23 1900.06
AEALR/ % 29.91 -46.96 -5.57 -45.00 29.11 1.79
2010—2015 T RVE b/ km? 1197.63 -145.85 1321.33 -68.57 738.19 -3033.63
AR % 5.61 -5.32 2.28 -3.74 31.45 -2.81
2015—2020 RSk B/ km? -60.50 -0.40 -175.96 -14.62 311.56 -62.19
AEALR/ % -0.27 -0.02 -0.30 -0.83 10.10 -0.06
2000—2020 T i/ km 7131.81 -2560.05 -3183.23 -1585.28 1762.12 -1554.56
AR/ % 46.45 -49.65 -5.12 -47.52 107.79 -1.46
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Fig.2 Land use of Urban Agglomeration in the Northern Slope of Tianshan Mountains from 2000 to 2020
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Table 4 Land use transfer matrix of Urban Agglomeration in the Northern Slope of Tianshan Mountains from 2000 to 2020

- s 2T F Hhith R At K3 A FH
Land use types Grassland Cropland Built-up land Forest Waterbody Unused land
il Grassland 44235.71 5838.64 841.87 842.38 279.75 10163.21
Bt Cropland 1150.74 13286.37 788.48 29.49 42.09 56.04
U A Built-up land 94.82 358.39 1016.50 2.17 3.39 159.49
M Forest 2521.01 640.08 61.60 1668.73 33.64 230.80
7K Waterbody 425.66 52.01 16.78 0.77 1052.83 1786.42
FAFHHL Unused land 10584.21 2309.40 671.65 52.29 338.41 92305.33

3.2 S EB ST KRN
321 AESEBHT

HER S 40 A Al K 1l b 3 8 T B A N 3 2R S 2 3 AN 2000—2015 4F % B T, B 2000 4F B
6.7980hm*/ A3 K & 2015 1Y 14.7862hm*/ A, 4E ¥ 1 KR 3K 7.83% , 7E 2015 4F 5| 2020 4F s K =
15.3317hm*/ N, AbA B IR SR A0 2 iy b 9% U050 T R SR B8, MK 2000 4F 1 4.6381hm*/ A3 K % 2015 4E 1
11.5675hm*/ A, 5] 2020 4F N 2234 % 13.1083hm*/ N, B THRABIR A S, 18 b A re i 2 ik Sk B 7, i
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Fig.3 The chord diagram of land use transfer in urban agglomeration in the northern slope of Tianshan Mountains from 2000 to 2020
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£ 5 RldegE TR 2000—2020 £ AHEFTETEES AHESREEAFH/ (hm>/N)
Table 5 Analysis of per capita ecological footprint and per capita ecological carrying capacity of urban agglomeration in the northern slope of

Tianshan Mountains from 2000 to 2020

ARSI K P AW oK HoAh B 5K
Ecological footprint account Biological resource account Other resource account
+ R FH 25 biis:) b s:i) il 7K, Ak A RE i A H
Land use types Cropland Forest Grassland Waterbody Fossil energy land Built-up land
2000 A¥ EF 1.2971 0.0290 0.8331 0.0007 3.2185 1.4197
A¥EC 0.7374 0.0300 0.5957 0.0007 5.4889 2.4558
NBIERBAR -0.5597 0.0010 -0.2374 -0.0001 2.2704 1.0361
2005 AH) EF 1.2598 0.0624 0.7875 0.0008 5.2268 2.1303
A EC 0.7162 0.0325 0.5631 0.0007 8.9213 3.6770
NBERBAR -0.5436 -0.0299 -0.2244 -0.0001 3.6945 1.5467
2010 A EF 2.2568 0.2620 0.7810 0.0007 5.2193 0.6331
A EC 1.2830 0.0741 0.5585 0.0006 8.9013 1.0797
PN S -0.9739 -0.1879 -0.2225 -0.0001 3.6819 0.4466
2015 A EF 2.2722 0.1494 0.7963 0.0008 10.1489 1.4186
A¥EC 1.2917 0.0782 0.5694 0.0007 17.3083 2.4194
NBIERBAR -0.9805 -0.0712 -0.2269 -0.0001 7.1594 1.0008
2020 A¥] EF 1.4728 0.0515 0.6987 0.0004 9.8210 3.2873
A EC 1.1755 0.0268 0.4996 0.0003 16.0910 2.9774
NPERBA -0.2973 -0.0247 -0.1991 0.0000 6.2700 -0.3099

EF. A= 25 2 ik Ecological footprint; EC. 5 &K S Ecological carrying capacity ; AR AT EC B 4015 12% 4 4 ZRE A5 3 i FR
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Table 6 Comprehensive evaluation result of ecological sensitivity of the urban agglomeration on Urban Agglomeration in the Northern Slope of
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Fig.4 Profit and loss of biological resources and other resources

Tianshan Mountains

BAHUR R U i JEE AU o LU
Mildly sensitive Low sensitive Moderately sensitive Highly sensitive
T Area/km’ 18195 85418 67982 21659
LLHE Proportion/% 9.42 44.20 35.18 11.21
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Fig.6 Radar map of ecological footprint and ecological carrying capacity of major cities in urban agglomeration in the northern slope of
Tianshan Mountains
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Fig.7 The relationship between per capita ecological footprint and per capita GDP of urban agglomeration in the northern slope of
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