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The thermal environment landscape pattern and typical urban landscapes effect
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Abstract; Study on thermal environment and thermal effect is one of the most important topics in city climate and
environment researches. The paper integrates some theories of ecology landscape, geostatistics technology and spatial
analysis technology of GIS into the research on thermal environment issues, and explores the thermal landscape pattern, the
thermal effect of parks landscape and road corridors in Beijing.

As retrieving land surface temperature (LST) and analysis of its distribution is of great efficiency to research thermal
environmental problems of earth surface, two ASTER imageries are used for the LST retrieval by TES algorithm. Fitting of
the whole day’s continuous ground temperature with meteorological observations data at the same date when the satellite
transit using sinusoidal function is utilized, and the following interpolation generates ground temperature at satellite transit
time to verify the retrieved LST. The overall temperature accuracy is less than 0.5°C.

Basing on the LST variable, the thermal landscape pattern is studied by calculating landscape pattern indices under
different grid size in Fragstats software. Considering the scale effect of thermal landscape heterogeneous pattern, the largest
sampling scales are determined by the semi-variant function. The results show that the largest sampling scale is 8§18.392m
and 778.520m in the urban scene and the suburb scene, respectively. Suburban thermal landscape patches are continuous,

while the urban thermal landscape patches are relatively dispersed. This illustrates that thermal landscape has a close
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relationship with built-up levels of urban development and construction. With the increase of sampling particle size, the
patch density and contagion index show a downward trend, and the average patch area increases exponentially, while the
diversity index changes little. Except the diversity index, the other three indices vary with different grain size. In addition,
the great importance of choosing appropriate resolution should be noted for the thermal landscape studies.

Studies have shown that large area of vegetation cover and water can relieve and regulate the thermal environment.
What's more, the urban parks is the assemblage of green space and water bodies. Therefore, park is undoubtedly the city’s
‘cold island’. In contrast, due to the physical properties and heat emissions from vehicles, road corridor is the relative
heat strip’. For studying thermal environment effect which is of great significance for urban planning, park and road
landscape are chosen for the study of thermal environment effect, by constructing the models between landscapes patches
characteristics and the corresponding average LST, and by calculating the LST varies in the buffer zones of landscapes
themselves. The thermal environment effect analysis draws the conclusion that generally the average LST decreases with the
increase of area, perimeter of park, and the decrease of ratio of perimeter to area. In areas further away from the parks, the
LST raised, and the raising trend slowed down. Specifically, the average LST increase is 0. 5366°C from the 0 —90m buffer
zone to 90 — 180m buffer zone outside the park, while the one is 0.3258°C from the 90 — 180m buffer zone to the 180 —
270m buffer zone. As road density increases, the average of LST increases and standard deviation of LST decreases
significantly. The correlation coefficient between the road density ranks and LST of roads was 0.8021. The average LST of
the buffer zone decreased slightly with distance from the road centerline. Therefore, more attention is ought to paid to the
rational distribution of urban roads and the landscape park for the sake of easing the implication of urban heat environment

pressure.
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Table 1 Test of accuracy for the retrieval LST

rysy SR =T A o R E 5 PR B A AR (L I
Station LST Interpolation result by trinomial fitting Interpolation result by sine function fitting
F£ A Fengtai 28.31 32.91 28.76
£ Huairou 28.91 32.22 29.13
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Table 2 Statistic data of the semi-variance function
5, Region A/ m YesfE B SELiE HEHE kA H/ 2 A %
i Major range Nugget Partial sill sill Partial_sill/sill

3§ X, Urban 818.392 0.7039 3.1806 3.8845 81.88
AR IX. Suburb 778.520 0.1971 1.2500 1.4471 86.38
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Table 3 Statistic result of park landscape patches in Beijing City

5 B oA M Tl %
Item Sum Max Min Mean Std.

T FH Area/m? 26205145.34 4267113. 60 46010.21 623932.03 862129.73
A PE Perimeter/m 147948.76 14982.26 964.58 3522.59 2788.93
J& K1 Shape complexity index — 0.023328 0.003171 0. 009669 0.004735
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Table 4 The models between the three landscape index of park and LST
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Item Function Function expression R?

T FR-RBE Area-LST LR y = -0.0118x + 34.106 0.2229
X B R y = -1.169In(x) + 37.444 0. 3537
e R y = 37.68x % %% 0. 3409
FRBREL y = 34.053¢ 0004 0.2175

JAK-IREE Perimeter-LST LM% y = —0.0004x + 34.693 0.2352
X B R y = —1.8258In(x) + 47.86 0.3018
e R y = 51. 6155 %% 0. 2890
Eik L y = 34.66e1¥107% 0. 2266

JRAR TR Lo B R RREL y = 303.97x + 30.456 0. 3825

Shape complexity index-LST B PR y = 2.8017In(x) + 46.699 0. 3840
TR R y = 49.985x0. 0854 0.3732
HEEREL y = 30.488¢> 188 0. 3656
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BT RET R B . N 0—90m K X B >90—180m ¢ np X i BT+ = 0. 5366C , T >90—180m 2%
BPIXE] > 180—270m ZEap X IR BETHR 0.3258°C , FHEBH LXK .
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Fig. 4 LST and buffer zones in the outline of Beijing City
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Table 5 The statistic information of road density and the corresponding average LST

BB A B B PR/ C TR BE bR 22/ C
Rank of road density Road density Average LST of road Std. of LST
1 0—3.45 34.5576 3.2530
2 >3.45—23.73 35.0939 2.7092
3 >23.73—44.00 34.8415 2.7893
4 >44.00—64.28 35.0773 3.2324
5 >64.28—84.56 35.8344 2.8094
6 >84.56—104.83 36.1172 2.4828
7 >104.83—125.11 36.1675 2.2714
8 >125.11—145.38 35.6132 2.4042
9 >145.38—165. 66 35.4562 2.5225
10 >165.66—176. 56 36.9082 1.5225
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Table 6 Statistic data of the LST in ring road buffer zone
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Fig. 6 The regression analysis between the road density ranks
and corresponding LST
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(1) FIF ASTER 5245 %3 % Al TES 583k 5 & OB R R , R IE 3% R B & R I R 36 (B 5
FIZE SR AT, & IR Z/NTF 0.5C KEHHE .
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778.520m, RRIX AFAS ) SOMBESIESE , T 3R DX 1) 8 ) SOMBE SR X M e . X WU B T A W5 WK
RIBEFRBAEERRIR . BEERLE B IN, BEHRE BTN G FE AR H0E T R, P B AR 2 0P X
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>90—180m Z& wp X iR EEFH 1 0. 5366°C , i >90—180m & wf X F| > 180—270m & wh X IR B T+ 15 0. 3258C , Ft

(4) ST Hp B T8 B JRRE SR WL AP B I S0 3R B, T B4 T S5 R S T P 3R B 2 B IE AR, MR R K
IRE 0.8021, R BEE 18 B B3 I, SE BV HIR B BT R A 22 B R BEE R BP0, E P IX
PP SR BE A T R, (AR AL

H UG, 2 e S50 T B 9 551 7 T IR T AR S T BRSO N, y TH AN B0, FE A R R B P, IO 85028 T8 el
HIBER IR/ TERES B, HF-6 BRI SR 710 % e HL R I PR 8t o

References :

[ 1] Oak T R. The heat island of the urban boundary layer; characteristics, causes and effects, in wind climate in cities // Cermak J E ed. NATO ASI
Series. Dordrecht; Kluwer Academic Publishers, 1995 . 81-107.

[2] OwenTW, Gillies R R, Carlson T N. An assessment of satellite remotely-sensed land cover parameters in quantitatively describing the climatic
effect of urbanization. International Journal of Remote Sensing, 1998, 19(9) : 1663-1681.

[3] XuXD, Tang X. An Introduction of Environmental Meteorology Under Urbanization Background. Beijing: Meteorological Press, 2002 62-80.

[4] ChenY H. Research on Patterns, Process, Simulation and Effect of Urban Spatial Thermal Environment Using Remote Sensing Image. Beijing:
Science Press, 2004 :85-95.

[5] Yue W Z. Study on Urban Landscape Pattern and Its Thermal Environment Effect Based on Remote Sensing Image. Beijing: Science Press,2008
105-136.

[6] XuLH, Yue WZ. A study on thermal environment effect of urban park landscape. Acta Ecologica Sinica, 2008, 28(4) ; 1702-1710.

[7] JCP, Liu WD, Xuan C Y. Impact of urban growth on the heat island in Beijing. Chinese Journal of Geophysics, 2006, 49(01) :69-77.

[ 8] Gong A D. Study on Remote Sensing Retrieval of Summertime Urban Spatial Thermal Environment Based on Landsat-TM Data in Beijing. Beijing:
Beijing Normal University, 2005 ;5-8.

[9] QinZ H, Kamieli A, Berliner P. A mono-window algorithm for retrieving land surface temperature from Landsat TM data and its application to the
Israel- Egypt border region. International Journal of Remote Sensing, 2001, 22(18) : 3719-3746.

[10] Qin Z H, Zhang M H, Kamieli A, Berliner P. Mono-window algorithm for retrieving land surface temperature from Landsat TM6 data. Acta
Geographica Sinica, 2001, 56(4) :456-466.

[11] Jiménez-Munoz J C, Sobrino J A. A generalized single channel method for retrieving land surface temperature from remote sensing data. Journal of
Geophysical Research, 2003, 108(D22) ; 1688.

[12] Wan Z, Dozier J. A Generalized Split-window Algorithm for Retrieving Land-surface Temperature from Space. IEEE Transactions on Geoscience
and Remote Sensing, 1996, 34 . 892-905.

[13] Mao K B, Qin Z H, Shi J C. Retrieval of land surface temperature of Shandong Peninsula using MODIS image and split window algorithm. Journal
of China University of Mining & Technology, 2005 ,34 (1) :46-50.

[14] Gillespie A, Rokugawa S, Matsunaga T, Cothem J S, Hook S, Kahle A B. A temperature and emissivity separation algorithm for Advanced
Spaceborne Thermal Emission and Reflection Radiometer (ASTER) images. IEEE Transactions on Geoscience and Remote Sensing, 1998, 36
(4): 1113-1126.

[15] Mao K B, Tang HJ, Chen Z X, Qiu Y B, Qin Z H, Li M C. A split-window algorithm for retrieving land-surface temperature from ASTER data.
Remote Sensing Information, 2006, (05) :7-11.

[16] Gao M F, Qin Z H. The validation of Chinese land surface temperature products retrieved from moderate resolution imaging spectroratiometer data.
Remote Sensing for Land & Resources, 2006, (03) :15-18.

[17] Forman R T T, Godron M. Landscape Ecology. New York: John Wiley & Sons, 1986.

[18] WuJ G. Landscape Ecology. Beijing: Higher Education Press, 2000 104-105.

[19] Xiao DN, Bu R C, Li X Z. Spatial ecology and landscape heterogeneity. Acta Ecologica Sinica, 1997, 17(5) ; 453-461.

http ://www. ecologica. cn



3500 B Ox ¥ R 30 %

[20] Zhang Z G. Principles and Techniques of Spatial Analysis on Ecology. Beijing: Science press, 2007 ; 154-164.
[21] Wang T X, Chen S L, Ma Y, Chen Z Q. Comparison on scale effect of urban heat island defined by brightness temperature and land surface
temperature. Geography and Geo-Information Science,2007(6) :73-77.

S E 3k

[3] #HH1E, % WMTEFERL¥50E. Jua. KRR, 2002: 62-80.

(4] Brzad. s WSS s BT (Rl B 5 5 ) . Jbat . Bl i ik, 2004 .85-95.

[5] m3cE. HETBBSGGRMRTT SR B AR RTSE. bt Bl di ik, 2008:105-136.

[6] %, H3CH. WA EEMMPAIRERN. A% ,2008, 28(4) : 1702-1710.

(7] Z5, XHR, FRE. JEaORH LR ER AT 5 IS mmr . thERY B4, 2006, 49(1) :69-77.

[8] HFUHE. BT LANDSAT T™M G IIL ntR i 28 M MFF BB IRAFIE. Jba0 JEHUME R, 2005.5-8.

[10] ® &3k, Zhang M H, Kamieli A, Berliner P. Fiifiih T & TM6 %83 55 b 22 05 B U BA BT 35 vk, s BH2A4R, 2001,56 (4) :456-466.
[13] B3, F&SE, . I MODIS SEA4RIE 1 B AR 1 5 bR BE . PO LK% 244, 2005,34(1) :46-50.

[15] B3, BHER, BRibd, BE S, AR, Z0E. — M ASTER $obi b SRR BE 085 21 8. BIRME B, 2006, (5).7-11.
[16] M43y, BASE. = MODIS iR B = M . [+ WUk, 2006, (3) :15-18.

(18] EpaM. FMASZE—R I8 RESER. Jbat. HEEF €L, 2000: 104-105.

[19] HHE7T, i€, £HFL. ASZEIES SRR ABFW, 1997, 17(5) : 453-461.

[20] sKiGHE. AEBFEESHRESEOR. L. Bzl 2007 154-164.

[21] FEXRE, BRI, DM, FRER. SRS R R IR #8 RERN A LS. 8 5 3fE B A ,2007(6) :73-77.

http ://www. ecologica. cn



	13a117.pdf
	13a118.pdf
	13a119.jpg
	13a120.jpg
	13a121.pdf
	13a122.pdf
	13a123.jpg
	13a124.pdf
	13a125.pdf
	13a126.pdf

