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Refined analysis of urban surface temperature based on optical fiber temperature

measurement technology
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Abstract: The spatial configuration of the urban landscape is highly correlated with the heat island effect. By studying the
land surface temperature (LST) of different underlying surfaces with high spatial and temporal resolution, we can grasp the
temporal and spatial characteristics of the urban thermal environment more accurately. The optical fiber temperature sensing
system has the advantages of real-time and high measurement accuracy and immunity to electromagnetic interference, and
can monitor the LST in real time and continuously. In a park in Tongzhou, Beijing, four periods with solar radiation were
selected, and the LST of various types of underlying surfaces was recorded in four consecutive hours with 1-minute time
interval and 1-meter space interval, and the total length was 100m. By analyzing the changes of LST of different underlying
surface, it’s proved that this distributed optical fiber temperature measurement system can effectively identify temporal and
spatial variability of LST on a small scale, distinguish between permeable and impervious grounds, monitor the heating rate
of the surface temperature of asphalt road, and evaluate the cooling effect of shading on LST. At the same time, data
obtained by this monitoring mode enables autocorrelation analysis of LST spatial sequence. . The results verified that the LST

spatial sequence still has autocorrelation on a small scale, and the closer the distance, the higher the correlation level.
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Simultaneously, it is confirmed by this practice that the optical fiber temperature measurement technology can be effectively

applied to the observation and research of small-scale urban thermal environment.

Key Words: land surface temperature; optical fiber sensing; urban thermal environment; autocorrelation
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Fig.1 Optical temperature measurement principle
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Table 1 Underlying surface details

FaE )‘Lgif{v Ejﬁ/m HZIRAS Surface conditions
Type of Underlying surface Optl(‘,a.].flber BEAL/ AR I TR/ AL
position Hardened/non-hardened Shading Dry/moist
£k4th Green space 0—I12 E| T4 A T
Wit S Asphalt road 12—25.8 ik, 7 T4
TFIER BT Tree pit 25.8—28.2 Atk & biTalis
KT Cement floor 28.2—31.5 ik 7 T4
TR Tree pit 31.5—35 3021 B i
F /N Stone path 35—36.6 fifift ¥ i
HEAA Bush 36.6—42 JeREfL A 4
A Stone steps 42—47.1 fgif ¥ T
£i4th Green space 47.1—58.7 E|STEA B T
2k Green space 58.7—62.2 AR AL P R
A Bush 62.2—77.1 Aefififk G T4
#7KF% /N Permeable brick road 77.1—79.3 fififl & THR
2 Green space 79.3—92.1 E[2TEd J& T
KA /INE Permeable brick road 92.1—94.4 ik A T
FFIERIT Tree pit 94.4—97.7 [T i T
Vit D% Asphalt road 97.7—100 ik, ¥ T

1.3 b H SRR A

DNl 5 A7 b st T M XA T BRI & X EEBE N (116.57°E, 39.78°N) , M4k = B 10.97 K, WUl
BFIE]SA 2017 4F 6 J1 29 H 10:40—14 .40 BF[E1 B, AR 454 H @ M85 (116.63°E, 39.92°N; gk = B 43.3
K ) W A B | 224 A M e R AR 33.4°C , R 23.2°C , KRR Z o, MR 1—2 S, IR (] B N A %R o
AV R B R XL A B AN R 2, B 0K F TS SR AT R L

R2 BMERHENLSE

Table 2 Monitoring data of Tongzhou meteorological station

Wzt H I ] B¢ Time period

Monitoring indicator 10:00—11:00 11:00—12:00 12:00—13:00 13:00—14:00 14.00—15:00
HJUEEE Average temperature/°C 31.4 28.2 30.1 28.4 27.2
B RGE Average wind speed(m/s) 1.1 1 3.5 3.2 1.2
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underlying surfaces in each time period
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Table 3 Average land surface temperature of different underlying surfaces

Ry AR W ] B Monitoring period
Photos in situ Type of underlying surface 10:40—11:40 11:40—12.40 12:40—13:40 13:40—14 .40

L b, 30.67 31.68 30.19 30.73
Wi H 36.32 41.16 39.29 40.75
ATER ST 30.08 30.49 30.94 32.04

K e Hb T 31.69 31.62 31.29 32.51
1ML 30.76 31.4 30.05 30.63
Fapr N 31.95 34.67 31.82 31.79
HEAR 30.99 31.48 29.78 29.96
Valries]ny 32 33.54 32.07 32.29
g3l 30.07 30.6 29.44 29.83

3] 35.44 37.86 34.47 35.11
HEAR I 35.78 38.17 35.37 36.24
BIKTE /N 38.33 41.81 39.57 40.86

3l 34.62 36.95 35.08 35.7

KN 33.58 34.5 34.61 35.71
TR 33.48 34.21 34.06 34.69
58 Wi I 36.41 37.71 36.46 36.74

2.4 MR A MPE T
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(0, B2 TR RE | IR ST MR I E 25 18] F AR SR RO 4518 22 2R A B DXRUBE A 0 DX P B /N RUJE

http ; //www.ecologica.cn



8 S % 39 &

40.00
O NSk
- O 1B
30.00 t ~ M W K JeHE
O f7iEM B
© O AN
B 2000 [ -
g O H#EARM
& B HREH
S 1000 | O G
=
% O &k
° H H B kM
s T | | H )} H O Bk
% O %
-10.00 } ] O BwKEE/N
| . O fFi
[ T e 2
2000 L 10:40—11:40 11:40—12:40 12:40—13:40 13:40—14:40

W5 3015 4] B Monitoring period

E4 ZEERARTEESHES TRELERBETELE

Fig.4 The temperature change rate between different underlying surfaces
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Table 4 Autocorrelation analysis of land surface temperature

FER E RS R e TSE- 4581 Box-Lijung Statistic
Lag Autocorrelation Std. Error® {8 Value A df W EPE Sig.
1 0.951 0.099 93.170 1 0.000
2 0.842 0.098 166.943 2 0.000
3 0.720 0.098 221.398 3 0.000
4 0.603 0.097 260.056 4 0.000
5 0.489 0.097 285.719 5 0.000
6 0.370 0.096 300.547 6 0.000
7 0.243 0.095 307.048 7 0.000
8 0.117 0.095 308.566 8 0.000
9 -0.001 0.094 308.566 9 0.000
10 -0.101 0.094 309.720 10 0.000
11 -0.173 0.093 313.166 11 0.000
12 -0.214 0.093 318.457 12 0.000
13 -0.228 0.092 324.567 13 0.000
14 -0.228 0.092 330.747 14 0.000
15 -0.222 0.091 336.649 15 0.000
16 -0.208 0.091 341.926 16 0.000

a. (BUE MRS RN A7 (R A ) 5 b, BETH0E R O7IE UE
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Fig.5 Autocorrelation test of land surface temperature
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