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A study of spatio-temporal changes of thermal landscape pattern based on a

multifractal model: a case study of Zhengzhou City
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Abstract; Multifractal analysis has been more commonly used than fractal analysis to give a more precise characterization
and a multi-scale analysis of non-linear phenomena. Multifractal analysis can also be used to analyze processes having a
greater number of parameters. The objective of this study was to use a multifractal model to quantitatively describe the

texture structure, spatio-temporal features, and relationship between regional temperature and Normalized Difference
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Vegetation Index ( NDVI) at different invariant intervals for the urban thermal environment field in the Zhengzhou
metropolitan area. We used Landsat TM images for three different periods. The results were calculated for the entire area as

follows: (1) the difference between the maximum value «__ and minimum value of the singularity index « . decreased from

0.6716 10 0.6419; (2) . and «

max min

of the singularity index decreased from 1.4644 and 2.136 to 1.4304 and 2.0723,
respectively; (3) the singularity value of the background a(f, ) decreased from 2.0111 to 2.0083; and (4) the fractal
), f(a,_ ) increased from 0.2354 and 1.4877 to 0.3412 and 1.734,

min max

max

dimension of the maximum and minimum value f( «
respectively. These results show that with the economic development and progression of urbanization in the past 20 years,
the information contained in the texture of the thermal field in the Zhengzhou metropolitan area constantly decreased, and its
structure and maximum and minimum texture values became simpler and larger, respectively. For selected locations, we
observed that urban areas have fluctuated on a small scale with respect to the amplitude of texture, and the largest fractal
dimensions of the maximum and minimum values of texture are well distributed at different scales with high clustering
properties. Contrasting results were observed for water areas. Furthermore, there were smaller «,,, and D, values for older
urban districts than those reported for newly developed areas. The relationship between the multifractal parameters and
regional temperature statistics were clearly linear, with a stronger mean value than the standard deviation, and the order of
variation was as follows; water areas, agricultural land, suburbs, and urban area. In addition, the singularity index of the
influence of the relationship between regional temperature and the NDVI was evaluated by obtaining a three scale-invariant
segmentation field using a concentration-area model based on a 2011 image. The results showed that the regional average
value of land surface temperature ( LST) , composed of patches of edge pixels, is sensitive to the singularity index, and the
contribution of the singularity index to the background value is positive, which can provide some guidance for the scaling

transformation of thermal images.

Key Words; multifractal ; thermal environment field ; landscape pattern; texture; concentration-area model
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Table 1 Statistics of grade area of LST (Land Surface Temperature) within the period from 1988—2011

S 1988 4f 2000 4F 2011 4
LST grades T km? H 4t/ % TR km? 3 H % TR km? H AL/ %
Area Percentage Area Percentage Area Percentage
fiIR Low temperature 19.6743 1.92% 2.3076 0.22% 3.8619 0.38%
BARIE Medium-low temperature 117.2743 11.43% 22.1220 2.16% 8.7444 0.85%
WHIR Sub-medium temperature 354.4513 34.55% 72.5229 7.07% 56.5497 5.51%
FiE Medium temperature 271.9332 26.51% 179.9388 17.54% 194.9553 19.01%
YR Sub-high temperature 214.6834 20.93% 389.5733 37.98% 449.7633 43.85%
i High temperature 47.5670 4.64% 279.1854 27.22% 303.0993 29.55%
H#E5IR Very high temperature 0.2599 0.03% 80.1450 7.81% 8.7534 0.85%
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Fig.2 Grade maps of Zhengzhou thermal field from 1988—2011
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Fig.3 Mutifractal parameters of Zhengzhou thermal field within a period from 1988 to 2011
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Table 2 Statistics of multifratcal parameters for 3 period thermal images

AEGy

Year D i Do AD Qi Opay Ac floy,)  fley,) Af Dy D, D, (S )
1988 1.6016  2.0775  0.4759 1.4644 2.136 0.6716  0.2354  1.4877 -1.2523 2 1.9838  1.9556 2.0111
2000 1.5532 2.0673  0.5141 1.4319  2.1135  0.6816  0.3641 1.6011  -1.237 2 1.9796  1.9389 2.012
2011 1.5548  2.0419  0.4871 1.4304 2.0723  0.6419 0.3412 1.734  -1.3928 2 1.9837  1.9467 2.0083
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Table 3  Statistics of multifratcal parameters for different sample zones

[X 5 Region D, Do AD A i Ay Aa flein)  fle,) Af Dy D, D, (fra)

y armlan . R . . R § . . -0. R . .
A& 1 Farmland 1 1.9654  2.0209  0.0555  1.9358  2.0369  0.1011 1.664 1.8587 0.1947 2 1.9974  1.9946 2.0025
A& 2 Farmland 2 1.9693  2.0174  0.0481  1.9422  2.0305 0.0883  1.6935 1.8852 -0.1917 2 1.9977  1.9953 2.0022
A& 3 Farmland 3 1.9534  2.0291  0.0757 1.919  2.0496  0.1306 1.605 1.8223  -0.2173 2 1.996 1.9918 2.0037
A 4 Farmland 4 1.96 2.022 0.062 1.9236  2.0383  0.1147  1.5902  1.8576 -0.2674 2 1.9971 1.994 2.0027
K3 1 Water area 1 1.9469  2.0308  0.0839  1.9063  2.0522  0.1459  1.5353  1.8148 -0.2795 2 1.9957  1.9911 2.004
K3 2 Water area 2 19646 2.0239  0.0593  1.9366  2.0418  0.1052  1.6807  1.8424 -0.1617 2 1.997 1.9939 2.0029
K38 3 Water area 3 1.9497  2.0302  0.0805  1.9095  2.0523  0.1428  1.5414 1.807  -0.2656 2 1.996 1.9918 2.0038
MilX 1 Urban area 1~ 1.9739  2.0175  0.0436 1.953  2.0307 0.0777 1.7615  1.8833 -0.1218 2 1.9978  1.9955 2.0021
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MilX 4 Urban area 4~ 1.9797  2.0141  0.0344 19636  2.025  0.0614 1.8162 19039 -0.0877 2 1.9983  1.9965 2.0017
MilX 5 Urban area 5 1.9763  2.0144  0.0381  1.9555  2.0256  0.0701  1.7643  1.9016 -0.1373 2 1.9982  1.9963 2.0017
AR 1 Suburb 1 1.9792  2.015 0.0358 1.9628  2.0269  0.0641  1.8131  1.8943 -0.0812 2 1.9982  1.9964 2.0017
IEZB 2 Suburb 2 1.9706  2.0166  0.046 1.9441  2.0292  0.0851  1.7005 1.889  -0.1885 2 1.9979  1.9956 2.002
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Fig.6 Relation between average temperature defined on boxes and multifractal parameters
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