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The relationship between the plane form of urban built-up area and
urban thermal environment: A case study of Xi'an city

YU Hanxue ,LL1 Hongying
(School of Achitecture, Chang’an University, Xi'an 710061, China)

Abstract; With the rapid development of urbanization in China, the changes of urban subsurface properties caused
by the expansion of construction land have increasingly serious negative impacts on the urban thermal environment.
This paper aims to investigate the correlation between built-up area morphology and urban thermal environment,
and takes the six districts of Xi'an City as the research object, extracts the boundaries of the built-up area from
2002-2021 based on Landsat remote sensing images and derives the quantitative parameters of its morphology, and
at the same time, calculates the indicators of the corresponding year's surface temperature through the inversion of
the surface temperature, and then conducts the correlation analysis between the two. The results show that the
maximum value of surface temperature has a highly significant correlation with the area and perimeter of the built-
up area, and the mathematical model is established by curve fitting for the two groups of data and the specific
functional equations are derived, which can be used as a reference for the optimal design of the urban thermal envi-
ronment.

Key words: built-up area plane form; urban thermal environment; surface temperature; mono-window algorithm
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Fig. 1 Xi'an City six district map
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Tab. 1 The data source
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Fig. 2 Schematic diagram of a typical year of built-up area

development in the six districts of Xi'an city
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Tab.2 Planform parameters of built-up areas in six districts of Xi'an City
/4 T A /km? J K/ km KB TEARFE £ &% SUR R34 o A A 25
2002 176. 67 63. 60 0. 764 5.236 0.58 1. 586 1. 131
2003 194. 50 71. 84 0.710 5.637 0. 50 1. 603 1.222
2004 211. 37 75.70 0.702 5.698 0. 49 1.598 1.212
2005 221.76 69. 56 0.783 5.111 0.61 1.553 1. 202
2006 249.15 77.04 0. 749 5. 341 0. 56 1. 557 1. 207
2008 272.56 78.09 0.773 5.176 0. 60 1. 537 1. 210
2009 282.93 85. 09 0.723 5.536 0.52 1. 557 1. 227
2010 314. 74 89. 65 0.723 5.530 0.52 1. 547 1.217
2011 329. 82 90. 88 0. 730 5. 476 0.53 1. 539 1. 229
2013 339. 26 94. 51 0.712 5.615 0.51 1. 545 1. 216
2014 424. 87 108. 32 0. 696 5.751 0. 48 1.533 1. 226
2015 437.59 120. 56 0. 634 6. 307 0. 40 1. 560 1. 251
2016 538. 88 140. 81 0.603 6.638 0. 36 1.558 1. 214
2019 620. 12 183. 05 0. 497 8. 044 0. 25 1. 605 1.196
2021 722.27 200. 60 0. 490 8.168 0. 24 1. 596 1. 182
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Fig. 3 Preprocessing of remote sensing imagery in 2005 process
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Tab.3 The data source
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Fig. 4 Schematic diagram of typical years of surface

temperature in six districts of Xi'an City
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Tab. 4 Land surface temperature related parameters

g Mo AR /K

/ME L IN LI P {E Ji ZH i 2
2002 297. 969 320. 208 309. 089 123. 643 11. 120
2003 296. 741 318. 475 307. 608 118. 092 10. 867
2004 293. 431 314.288 303. 860 108. 754 10. 429
2005 298. 392 323. 961 311.177 163. 443 12.785
2006 292. 972 322.513 307.743 218.168 14.771
2008 292.219 320.5 306. 360 199. 954 14. 141
2009 297. 607 323.013 310. 310 161. 366 12.703
2010 297.288 323. 314 310. 301 169. 338 13.013
2011 297. 196 325. 453 311.325 199. 615 14. 129
2013 299. 04 323.548 311. 294 150. 161 12. 254
2014 293. 811 327. 829 310. 820 289. 306 17. 009
2015 294. 909 331. 317 313.113 331. 386 18. 204
2016 301. 41 330. 918 316. 164 217. 681 14. 754
2019 297.119 334. 851 315. 985 355. 926 18. 866
2021 296. 949 329.015 312. 982 257. 057 16. 033
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Tab. 5 Correlation analysis between surface temperature values and planform parameter values in six districts of Xi'an city
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Tab. 6 Power function model parameters
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