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Abstract; The rapid urbanization process has greatly changed the spatial pattern of cities, especially artificial facilities. As
an important municipal infrastructure, urban road systems occupy more than 1/4 of the built-up area. It supports an open
space for material flow, energy flow and information flow, and its developing speed and distribution are far ahead of other
urban infrastructure. Urban roads are also a kind of typical impervious surface. Compared with natural green space, the
building materials like cement and asphalt make urban road system a different thermal characteristic, and in terms of spatial
distribution, those traits may eventually result in the significant impact on the pattern of urban thermal environment. Many
studies involved in urban underlying surfaces and their relationship with urban heat island (UHI), while the relationship
between the spatial structure of urban roads and UHI has not been reported. More information about the interactive impact
between the spatial structure of urban roads and urban environment needed to be quantitatively assessed during the process

of rapid urbanization, which could provide some scientific guidance for urban infrastructure planning and management
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toward a sound and eco-friendly development.

In this paper, through field survey (by using Laser distance meters and GPS to collect valid information from different
sections of 238 roads within the study area) and high resolution remote sensing data ( Quick Bird data source) recognition
based on the object-oriented method, a spatial database of urban roads within 5" ring road Beijing was established, which
included the length, width and intersection nodes of different classes of urban roads. A thermal infrared inversion of Landsat
TM was conducted for retrieving LST and NDVI, which are the two common indicators to characterize thermal environment
and vegetation information. Then a correlation analysis between the road system characteristics and LST and NDVI was
carried out.

and NDVI in

mean mean

The results showed that there was a significant correlation among parameters of road system, LST

larger grids (4%4). Meanwhile, LST , and NDVI , were related with parameters of road net in moderate grids (8x8, 16x

min

16). In terms of small grid (32x32), besides the mean and maximum value of LST and NDVI, the correlations were

and NDVI

max max ¥

observed between certain road indicators and LST
The total length of roads is the best variable described the change of LST and NDVI among all the parameters. When
the number of nodes was weighted for area, the correlation coefficients with NDVI in 8x8 and 32x32 grids were increased.

which

At all levels of analysis grids, all four road indicators presented a significantly negative correlation with NDVI__ |
implied that the area of urban road green space was too small to play an important roles on the intensity and spatial
distribution of NDVI. The factual of linkages among various spatial attributes of urban road networks to the intensity,
quantity,, and distribution of LST and NDVI may help develop a new approach to quickly identify the overall UHI spatial

patterns and further study the relations between urban thermal environments and human activities.

Key Words: urban road network ;spatial pattern characteristics ; LST ; NDVI
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Table 1 Statistical survey of different road types within Beijing 5™ ring road

iR Sl i T T8 285 K B8 B/ m SLPEFE/m

Road types Cross sectional structure and width Total width

#115] Hutongs 4.73 + 0.99m 4.73 £ 0.99

% Branch roads 2.79 + 1.18p 7.11 £ 1.94m 12.54 £ 3.13

KT8 Secondary roads 4.01 = 1.20p 15.6 £ 4.53m 23.61 = 4.39

F T8 Arterial roads 3.97 + 1.00p 5.75 £ 1.54d 2.60 + 1.27g 13.04 + 3.02m 3.46 + 1.38g 48.13 £ 6.71

P B Expressways 453 +1.05p  11.62 = 2.56d 291 + 1.12g 16.36 = 2.78m  3.09 = 1.31¢g 67.57 £ 9.43
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Table 2 Normal distribution test for different road types ( Shapiro-

Wilk)
B IR geitht A R
Road types Statistic df Sig.
P B Expressways 0.978 32 0.745
FF3H Arterial roads 0.980 53 0.530
KT8 Secondary roads 0.978 75 0.212
% Branch roads 0.960 44 0.127
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Table 3 Net node compositions at different intersections in the studied area

ek B T wF i B
Expressways Arterial roads Secondary roads Branch roads A3t
YT Y T EEY T Y T SEY T Y T SREY TSP S
3-node 4-node 3-node 4-node 3-node 4-node 3-node 4-node
P B Expressways 34 24 58
FT3E Arterial roads 51 124 49 100 324
W T8 Secondary roads 134 111 170 301 159 185 1060
X% Branch roads 414 79 820 304 932 737 1405 793 5484
A1t Total 635 337 1039 705 1091 922 1405 793 6927
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Fig.1 Spatial distribution of area weighted nodes in the studied area
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Table 4 Correlation analysis between four kind of road features and LST/NDVI at different analytical units

SN e NS SRS P IH [ 4 B T BUINALE 45 S5
Road length Road area Road nodes Area weighted nodes
LST NDVI LST NDVI LST NDVI LST NDVI
4x4(16) P Mean  0.514" - 0.748"" 0.461 - 0.661°* 0.446 - 0.720°* 0.437 - 0.705"
Bk Max - 038 - 0.400 - 0.343 - 0.307 - 0.464 - 0.459 - 0.455 - 0.425
52/I Min 0.02 - 0377 0.172 - 0.375 - 0.029 - 0.453 0.014 - 0.465
8x8 Mean 0535 - 0.714* 0.491°* - 0.653"" 04477  -0.667"" 0.4447* - 0.667""
(64) Max - 0.109 - 0.504"" - 0.083 - 0456°* - 0.221 -0.533"  -0213 - 0.539"
Min 0.211 - 0.391* 0279 - 0.380"" 0.191 - 0.391 0.210 - 0.409 "
16x16 Mean 0.506** - 0.667*" 0.427°* - 0.566"" 0.426"* - 0.616"" 0417°* - 0.613""
(256) Max 0.038 - 0.552"" 0.027 - 0453** - 0.080 - 0.58°* - 0.08 - 0.578"
Min 0.334%* - 0.426* 0.299 " 0.398 " 0.325%* - 0.392"" 0.326"* - 0.408""
32x32 Mean 0.426™" - 0.576*" 0.345"" - 0.466"" 0.366"" - 0.533"" 0.362°* - 0.534""
(1024) Max 0.101** - 0.505*" 0.101*" - 0.363** 0.017 - 0.537" 0.017 - 0.522"
Min 0.433** - 0.385"" 0.309"* - 0.365" 0.433"* - 0.342"" 0.416"* - 0.363""

w FRMFEME B ZEKTEN P < 0.05; « = FRHIEMEREKFE N P <0.01

16X 16 [AE 5 H7H, 4 TR A8 4R34 5 LST,,..
LST, . SE30A & 35 A G , %t F LST,,, , ek 8x
8 AR AH I AT 45 R —3, X T LST,, RN . 18
KB > INALSS S8 > 8 B4 5 > T8 I R,
LST,, 5458 B bRk £ A G, X T NDVI.,
IS 4x4 8x8 MIAE AN o r & R — 8, X F
NDVI,, FRI Ny - B FEEE S8 > AL sS4k > TE (K
BE > EEKIER, ST NDVI . R BB KE >
RUGHE 25 S8 > AR > 18 s S8

32x32 Mg A MR, A T R AR 5 NDVI &2
PR S 2 ORI OC A R B 45 A B R A & s Bk
5 LST,, L AHGESN, B i B bR 5 LST &
PR B A DG, XFF LST,,, 1 LST,,, IEAH &
PR R B IKRERBON KT = B >
JALZS S8 > B BETA, XF T NDVI,,,, TAAH G
TN TR > IIALSS S8 > Rk Gs SR > i
BRI, XFF NDVI, FRIN . T8 PR AS 8 > Ik
R > BRSO > KA, X NDVL, R .
EPEACRE > B > AL S > B RS SEL
3.42 [A]l—B&MFEIR S LST NDVI AHCHE S

B2 o3BT D0 A% 9 4 70N, 4 T3 B R AR5 LST 1Y
IEAHSEFR B S5 NDVI Y S AH S35 B0 #i kA, 76
Ax4 IS A3 BT R T S B AH S Sk 4 RO AT AR T
il FEAFESAT AT BB B S LST,,, &

NDVI,.. FUAHCPE #58 TH Tl B bn, KT
RIRE T A E R 5 LST,  FF7E i #5 E A e,
Bl AT PRAR 9 47 /N, 45 T B8 AR 35 5 ST, &
P EIEA &, H LST,, 1 16x16 5 32x32 RA% 43
M 5 4% 100 8 B 46 br B B E E M e, X T
LST,,. . AXAE 32x32 53 A% T 5538 BEAS B | 38 6 1
TP bR S AR DG . 7 8x8 F| 32x32 =/~
BT RIAS T 4 TOE B4 AR 5 NDVI, (NDVI,,
NDVI,.. 22 I 23 09 07RO 78 4 x4 53 B I A%
T, 4 TE KI5 F5 5 NDVI FEPLHAR 0 25 10 ke 56
PR, BRI RO T NDVI . R 6P 7E A 8] 43 4
K& 2 T AR INASGE B 25 i B

4 HR5H

I T T % 2R I B A A B R R 28 3
BN A A S A 2o A v X NI i R s DDA G
WFFE LAAG T TR0 3R X W55 X, 43 B 1 30 11 3 B 9
K& 23 [ RFAE, I DA 1l 5 305 B2 FFRE B i 2500 A i ki
FHFEAR AT, K 18 55 1 T 2 (B R AE 55 9 2 1447 A G
PEATHT, 25 S 3 WA T 3 B B X RRAE A 4 P AS [R] 43
Mreed O R 34778 5 1ST B NDVI 4§ 22 48 b 10 #H 5%
P, B 7E A X B K M4 BT B 0R, 5LST,, K&
NDVI,,. F 5GP 3 FEA XA/ N 4 8 1, T
DA R E B B8 Ar 5 LST, M NDVI, AUEE & | i
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TEHREEyMred R  BeR A LST,,,, NDVI,, Ah, if Al
ABERE 1Y) fie/ MBS b . 5 T8 B B 14 28 Te) 4
bk, AR AR BT T BLE R K S LST K&
NDVI 25 [A]AH 5 P fi i, 1030 3 45 A A I 4% &5 45
PR bR AN A 8L 5 LST,, IIE R,

Il T b R R IR T 28 )2 AR T A Ly 2
M T A E R R, H AR T R R
JE I RUN S NS FABE HAK R i 5T LR AR R
A AL A8 SRR T AR A T R AT K R e R
Pt b ¥ R A ST A 2 ) AR DL RS A R LA
ST T AR BT | A S b A R A R B B A AR
A A — AP T A 50 A D 8 B A T A
% R G 25 [ RFAE A5 20 BT LST  NDVI 53 55 S H:
23 [A) 53 A A SR

AN, T BTG B9 L ) A 45 S 2R I FgT
DX 3k 22 () 5 R PR e % R = I B 2 ik, S ] —
(ol A SR VAT T 2B AT AN I o e O AN B8
5 A M BRI IR B B O kAT A A Y A
W], BRI ZS (A 4HAE 5 NDVI AYHE S Bs | 7E45 0 bT
W& T B 23 [ 8 b 5 NDVI B W 8 35 17
AHSEIEZR | [R) s A1, 2 Y i o My e 5 M 38 AN
AELAXT NDVI A5 BE K oA b= A e K m v
I T A I AR e O A G I R T R AR K
2011 AFFE AR X 30k 11 38 e B R R T AR il ik E) T
294443 km 1 5213.22 km*'* | P i K AL S5
W I R IR g J e A 25 A8 B 3l Tl 42 el AL
SRR A 3 A LA R HE TR 34 T, 3 i 22 38 % A 5%
IS H g5 ], 1B B A S IR A AR 2
SEAARE R R () Db SR A S S PR 2 R 3T H 3%
Hh P A A5 P05 T ) o AR S AR A 2 LY
M SR 38 T 535K P IO P T Ay i ik s 18 T 2 Y
A AR IR ) 4 TR B A e 5 5, R il — 20 ik
AR S R e R T G B AR g R L S B R e R fk
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