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Spatial and temporal changes to urban surface thermal landscape patterns. a case

study of Changchun City

TANG Ze'*, ZHENG Haifeng' , REN Zhibin', CUI Mingxing', HE Xingyuan' *
1 Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, China
2 University of Chinese Academy of Sciences, Betjing 100049, China

Abstract: Urban expansion has caused many more environmental problems to emerge. In particular, the urban thermal
environment issue, which has mainly been caused by the concentration of populations in downtown areas, has caused an
increase in heat emissions. Today, it poses potential threats to factors that affect urban sustainable development, such as
urban air quality and public health. Therefore, a considerable amount of research has focused on urban thermal issues. In
this study, three Landsat ETM + image data sets (2006, 2010 and 2014) were used to derive urban land surface
temperature ( LST) during the summer. The analysis was based on Qin’s mono-window algorithm. The impervious surface
area (ISA) percentage and the amount of land covered by vegetation (FV) in Changchun City were obtained from the data
using the linear spectral mixture model. A thermal landscape dynamic degree (TLDD) index was proposed for the first time
which was based on the land use dynamic degree (LUDD) concept. Then, TLDD was used to describe the spatial and
temporal changes to the urban surface thermal landscape pattern in Changchun City. Finally, the relationships between LST

and the ISA and FV percentage were investigated in order to determine the effects of the different underlying surfaces on
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temperature. The results showed that the urban thermal environment in Changchun City declined between 2006 and 2014.
The average land surface temperature was 34.14°C in 2006 and 35.3°C in 2014, which meant that the annual rise in land
surface temperature was 0.15°C. This may increase energy consumption and lead to a cycle of environmental decline. The
urban thermal landscape has changed very rapidly, especially in low-temperature patches, which means that human activity
has been high. The total thermal landscape dynamic degree (TTLDD) reached 52.46% between 2010 and 2014 as against
45.39% between 2006 and 2010. This suggested that there was a greater change in LST between 2010 and 2014 than
between 2006 and 2010, which may have negatively affected land surface thermal properties. The area and number of high
temperature patches increased and expanded from downtown towards the suburbs, which has caused thermal landscape
fragmentation. Large changes to the urban thermal landscape occurred in the low temperature patches and this aggravated the
thermal environmental problem. The thermal distribution for Changchun City showed that, the thermal center was not located
in downtown area, but was centered near the Dongda Bridge and the Xixin Economic and Technological Development Zone
where many industrial companies were to be found. The results obtained by the regression models for ISA and LST, and FV
and LST showed that LST would increase by 0.06—0.07°C with each one percentage point increase in ISA, and decrease by
0.07—0.08°C with each one percentage point increase in FV. This suggests that the influence of the area covered by
vegetation on LST was much stronger than the influence of ISA on LST. The conclusions in this paper will have guiding

significance on urban land use and heat island mitigation.

Key Words: Land surface thermal landscape; spatial pattern; TLDD; ISA percentage; FV
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Fig.1 The study area of Changchun City
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Table 1 Meteorological parameters when images were acquired

4y KRAFEERREE /C PN PO

Year Atmosphere average temperature Atmospheric transmittance
2006 24 0.79

2010 28 0.5

2014 27 0.84

®2 BRESIELTE

Table 2 The image normalization equations for each subject image

Y Year [ )5 75 #2 The regression equation R?
2006 LST=0.9068x1.ST+5.4505 0.9304
2010 LST=0.8483%x1.ST+3.3584 0.8596
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Fig.2 The thermal distribution of Changchun City
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Table 3 Dynamic degree of thermal landscape

i i W R L fer il R e L

\ =] g
) itk Sub-medium Medium Sub-high High Ultra-high o
Year Low temperature Total
temperature temperature temperature temperature temperature
2006—2010 91.81 55.47 66.61 62.04 61.05 71.70 45.39
2010—2014 83.76 65.07 73.20 66.93 68.02 71.18 52.64

M 3 TR HK, 2006 4 2 2014 4F[H] , £ 300 SR BEHe 2 [a) A B AR 400 26 i AUV S K, 2006 4R &
2010 AF[A] AR IR IR R R R IR B B S BN 91.81% .55.47% ,66.61% .62.04% |
61.05% .71.70% ., fRIRBHEHR A B2 B A B 5K, & T H T 37 SR 9 BE k| Ud BRI 30 B 1 FH e 25 (1] 43 A ¥
LA A3 B A i A 25 R R A i JRIB 2006 4E 2 2010 4E KBTI R BEHL 25 G ShAS N 45.39% , #4
NEMABE K, A RIEFBES &L T R ER R, 2010 42 2014 48] AR bR s o i
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Fig.4 The percentage of impervious surface area of Changchun City
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Table 4 The regression models of ISA and LST, Fv and LST, LST and ISA and Fv
HhZRIR 5 AN 35 /K I 55 BE R

MR 5 AR i K MR IR R A A R e ot = o
. N - - PR [EVEY -S|
G PR LRI RN LR
. . The multiply linear regression R
Year The regression models of The regression models of dels bet ST and ISA
ISA and LST Fv and LST mode’s peiween Ietan
and Fv
LST = 0. 04591SA - 0. 0364Fv +
LST=0.0711SA+31.357 .. LST=-0.0763Fv+37.809 s 0. 043915 0. 0364k s
2006 (n=101) 0.986 " (n=101) -0.988""  33.8384 0.998*"
(n=3600)
LST = 0. 0517ISA - 0. 0417F
LST=0.0731SA+30.533 v LST=-0.0702Fv+36.353 e S 0. 051715 0. 0417k + e
2010 (n=101) 0.989° (n=101) -0.953 32.8832 0.999
(n=3600)
= 0. SA - 0. 0363
LST=0.0611SA+32.033 ve LST=-0.0811Fv+36.353 e LST = 0. 0454154 = 0. 0363Fv + s
2014 (n=101) 0.957" (n=101) -0.97*"  33.9507 0.999 **
(n=3600)
# % FRTE 0.01 P T 2 B FEPEAE G
x5 FEKEOREHBEZXESHREEXRNSTEIN
Table 5 The regression models of ISA and LST, Fv and LST at different levels of ISA and Fv
Rk MR E 5 R i3 K T a5 B 4R Kbt
f e TR . e MR S R el
Year e The regression models of ISA . The regression models of Fv and LST
%ISA Fv
and LST
2006 0—30 LST=0.12271SA+30.515 0.951*" 0—30  LST = -0.0745Fv+ 37.618 0.975"*
70—100 LST=0.06161SA+32.221 0.995** 70—100 LST = -0.1054Fv+ 40.085 0.999 **
2010 0—30 LST=0.12011SA+30.955 0.929 " 0—30  LST= -0.0768Fv + 36.653 0.991 "
70—100 LST=0.10141SA+28.297 0.995"* 70—100 LST = -0.1054Fv + 40.085 0.998 **
2014 0—30 LST=0.1333ISA+30.791 0.979 ** 0—30  LST = -0.0726Fv + 37.485 0.998 **
70—100 LST=0.06631SA+31.384 0.989 ** 70—100 LST = -0.1284Fv + 41.625 0.998 *~

s FRRAE 0.01 KR 5L 3 A ¢
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IN—IKJE UL B B IX A A L, v S RO A A T I & 45 Gl SR TR T R b IX . KEFET RGO TR
FATF BT PB4 0 DA B PG 3 2 3 AR 2 X, X 5 ko S X o T S AR 3 T 3 T 43 A s R O F
FARA 2,

B IR T 5K, T A A S0 Je B AR A, Ui A5 A9 1 ) T A4 5% 0 A7 R 45 21 38 0 T i
YR Al e T P T v, AR TR, e e DX 38 9 T B A XA — B 258 L Dai S8 AR
SRR S A A RIS AR SCRHE TR T AT SO S AR AR T S A iR AR LA 45
W BEE T K K T M SRR B, i 3T 24 BE A 2006 AEY 34.14°C L FH5] 2014 4F1 35.33°C
AT 0.15°C . R RSN T BEH T AR 38 0, I S B0 AT DX 1) RB X 4 i ) e 34, 2 DX AR ek i [ 4
AN TR EE b AT ORI B B A R SR B SR AR T MR A M AL

PEAN  ARSCAESE T 2 bR Sh S A, QBT T b4 T 30 ) SO s S B 8K, A B 30 oW S5 sl 45
FIIT ) SR B AR, 430 SR 1A e 30 ) 50045 T B A 0 D B iR i AR fL R AR B Al LR R
AR BT 2006—2014 4 (8], I I 55 2 Ry 28 4 B oA i) 0 0 ek B 46 20, o3 PR IR AR b ek 25 4 A8 Ak ik 2 LA
O HARIRBESER N A Y L AR AR EE IR, K AF T 2006—2010 4F #4750 SR B A FE R 45.39%,
2010—2014 4F24 52.64% , 7 5 OWABAR A AL T R RIZL, 3R T4 B 52 244k

AN 7K TH] 5 P FIVRE B 7 i ™ EE R M A MR I T A . Ui A G S X BT T AR I 5 Ak b
FRE S5 A E K56 R R, S 3R 2 R I B 3RIR 8 5 R 98 15 5 10 AH G 5
T iR 5 RSB K AR SEE T MR A2 S A SR T i R T 9T & IR K T (A 0 0.1, bR i
BE EF1.2°C L B John Rogan % AMF5E Massachusetts Hi [X 3b 2 i 55 i M o ik & PRRS 478 55 R 5
FEAR 10% , IR ETH0.7°C ™, Xu S8 A 1117 3 I8 BE AR5 & BUAFREAIR 109 AN 7K A, 380 10%
AR Bl 7 35 R BE SRR I L TR 2.9°C Y ARSCIFgE & B, KR T LR IR 5 R B K T &t B B IE A G G &R
SRR 7 R A R UM SRS R AN K T 55 AR 0 1% , M 3R E T T 0.06—0.07°C A 4 7 16 SR A3 14 i
1% , #bF T FE T B 0.07—0.08°C. , A9l 7 55 5 1788 A XoF 1 36 Y B 149 52 W) 510 - A 385 /K 1 %o i1 6 9L B8 B 5], I
A BERRAR 1% AN KT 55 52, 50 19 AP 25 %, R L TR 0.08—0.09°C , BEIR AR T HL 4l BRI AN 1%
K TR AR S o e 7 T (RSO , U PR 25 TR AN 28 /K T RS R e 7 5 R LA A I B IRAE Y, X A IR T - e
FIFHFLRIEEHE T — & 148 FARYE . (02 A SO H IR 2510 S B X 52 2R 1) v 45 8 i 1K 5% At 443 5 1l IX LA R
Hoth 277 1518 IS A R it — 2 AR

4 Zig

ARSCGE 3 W ETM + 38 BG5S A5 B 5 1T AR R 1Y M 2 IR 2 73 A 18], AEER AT ) SO0 %S 8] 4341
ZJE B I SO A B, 43T T AR R TR SOULAR SR 1 B B AL RRIE . O is M GIE 43
S AR AR BRI 30 TIT AN /K T 5 B R B w R T R A SO S R Z e R, HRILIT S,

(1) 10 483k KA i b RIS B3R T 9 5K 2 90 Ak R 3 b 37 34 T B2 AR 41 K 0.15°C, i ik DX 3k
I RBIX A R, 0T S LA A S I A

(2) ANiF K T 5 5 FAB B T R e kT b R B M BB R [FIBRRAIS 1% AN B K A, B0 1% 18
B w5 R KR T LRI B T B 0.08—0.09C 5
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(3) 38 i ETM+3 B A5 A AR i B 2 R 7 0 T b 28 A ) S ARG Jy P 2 TS AR AR ) A 28T B
(4) AR SCHR H Y FRT ) B0 75 B e o 1 DA M e A 7 55025 1L 38 208 G L B A A A i B 8 ) A 3 s
bR, E BB LR 575 B MR UL IE A s (A e A% AN A L A ) i e, E B8 20 LAY B Tt A AR Y S PR 2 o

Bt A A SCBRS ol (o] 4TTHIE S KRR RV SR M B BT 5 B B (0 S ) 50 1
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