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The cooling effect of Guangzhou City parks to surrounding environments
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Abstract ; Thermal infrared ( TIR) remote sensing techniques have been used over urban areas and applied in urban climate
and heat environmental studies for more than 30 years, mainly for analyzing land surface temperature ( LST) distribution,
difference and their relationship with city development and surface energy fluxes. The rapidly expanding urban areas of the
world form an environmental challenge for the 21st century that requires both new analytic approaches and new sources of
data and information. In developing countries, however, remote sensing may provide large-scale, fast and repeated
observations of urban growth and environmental conditions that are usually not available from other sources or with high
cost. Because of the rapid urbanization, large numbers of the natural surfaces in the city have been replaced by artificial
surfaces. This has resulted in undesirable thermal impacts on city meteorological and ecological environment-Urban Heat
Island ( UHI) , especially bringing lots of negative effect to the health of human beings and living environments. Some
studies have showed that the green land and water areas ( mainly in city parks), can just diminish UHI effect on
temperature and increase air moisture through the photosynthesis, transpiration and evapotranspiration of vegetation around
urban parks. In this paper, 17 Guangzhou City parks were selected as the case areas and the temperature information was
inversed from Landsat TM remote sensing data. After analyzing the temperature distribution patterns surrounding the 17
parks using field investigation, buffer area analysis and cubic polynomial fitting method, we find that the temperature
differences between the surrounding sites and boundaries of park rise with the distances further away from the park

boundaries. However, the temperature accretion rate is step-down at the same time. The shape of the temperature
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increasing curve is similar to a cubic polynomial through the origin of coordinates ( R* > 0.84). The maximum cooling
range model of city parks in Guangzhou was built. The maximum cooling ranges are from 14 —432m; and the maximum
cooling values of temperature are at about 1.9 —4.3K. What is more, the average temperature decreasing range around
parks has a positive relationship with the green area of parks, and the fitted curve is similar to that of a logarithmic. For
those parks that the water-covered-rates are larger than 50% , their temperature cooling effects are always more remarkable.
For those parks that the length-width-rates are more than or equal to 2, the temperature cooling effects are also more
obvious, even if their park areas are smaller than others. From the viewpoint of the cooling effect of parks to their
surrounding environment in Guangzhou, the optimal values of planned green land should be between about 4200 m” and
540000 m’. Therefore, the park area and distance from boundary of a park played the significant role in changing the effect
of UHI. This study is the first quantitative research on the temperature distributions of main parks’ surroundings in
Guangzhou City, which may be of the directive significance to the ecology planning ( especially city parks) of large cities
like Guangzhou City. It also provides a reference and theory basis for other cities to design and plan the city parks in the

world.
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Table 1 Detailed information about the 17 Guangzhou city parks
Nl 44 FR Park name JJ& X District T Area/m? Nl 44 FR Park name T J& IX. District T Area/m?
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Fig. 1 Situation of the study area
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Fig. 2 Remote sensing imageries of the study area
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Table 2 Bands of the TM data and their main functions

BB Bk 25 (] A HER FEEH
Band Wavelength/ pm Spatial resolution/m Main functions
1 0.42—0.52 30 WA, X IR P AR/ AR
2 0.52—0.6 30 7K R IF B Rt 2 £ S S 3R
3 0.63—0. 69 30 KRR RS A TSR TR
4 0.76—0.90 30 VALY R AR
5 1.55—1.75 30 WY SRR EHNEE
6 10.4—12.5 120 T AP , 2 I H AR 7 P
7 2.08—2.35 30 B A 3 SR A TR
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Table 3 Third degree polynomials between AT and L of Guangzhou 17 parks

max

UNTEA S R/ €2 R
Park name Third degree polynomial

PREUNT AT = 0.00000004 L* — 0.00002891 L2 + 0. 00654245 L 0. 99995
b RAR/N T AT = 0.0000008 L* - 0.0003555 I* + 0.0522654 L 0.93127
¥l AT = 0.0000000006 L> —0. 0000129451 I + 0.0106795196 L 0.95510
b A i e o AT = 0.00000002 L* - 0.00003437 L? + 0.01621691 L 0. 98302
T BN el AT = 0.00000004 L* — 0.00004501 L* + 0.01539346 L 0. 84559
BT AT = 0.0000002 L* - 0.0001251 I* + 0.0295655 L 0.97068
AW el AT = 0.00000002 L* - 0.00003083 L? + 0. 01699873 L 0. 94060
VWA AT = 0.00000008 L* - 0.00009138 L? + 0. 03366551 L 0. 98062
REWIA b AT = 0.00000004 L* - 0.00005308 L? + 0.01923840 L 0. 94659
HAEAH AT = 0.00000318 L* - 0.00093370 L? + 0. 09075730 L 0.99674
R AT = 0.00000607 L* — 0.00148800 L* + 0.11819578 L 0.95764
[N AT = 0.00000571 I* - 0.00146860 L? + 0. 11682446 L 0. 96035
ARAHE AT = 0.00000385 L*> — 0.00102211 L* + 0.08699625 L 0.99241
22 N AT = 0.00000084 L* - 0.00039011 L2 + 0. 06513672 L 0. 99655
STt S R AV N | AT = 0.00002548 L — 0.00092660 L* + 0.05265462 L 0. 99999
AR AT = 0.00000030 L* - 0.00025402 L? + 0. 07075465 L 0. 98729
YN | AT = 0.00000175 L* - 0. 00064839 L? + 0. 07295970 L 0. 93500
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T AR N ZREBIABATR S, B HRAEA, A HERH L, M AT, AR

2
I =—b—«3/(ll) -3ac (12)

max

3 2 )
AT, _2b +(2b —6a§3a«2/b —3ac —9abc (13)

BRI, L, F AT, BT B =S 2R R I a b R . TR, ASCHAAR(12) . (13) ,3F
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Fig. 5 Fitting curves between AT and L of Guangzhou 17 parks
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Table 4 Average L, and average AT, of the 17 parks

-4 L, Average L, /m -3 AT, Average AT, /K
5 EMRSLbRE 5 RS bRE
— o y-w KFER2E/m . FIFEHRE/m
N A e BB/ ARHSE/m g e B/
Park name . . . Root mean Expression . N Root mean
Expression expression derived derived val expression derived
derive d v alue me an d image square error erived value anx an d 1mage squa.re €error
Lo Ly
PPN 250.10 11.00 3.12 2.61 0.32 0.37
BRI A 194.15 11.05 1.62 2.12 0.20 0.21
Y 336.29 9.49 3.89 2.66 0.09 0.12
b A i et b o A | 162.67 7.76 3.47 1.99 0.19 0.22
7R X E B 228.22 9.17 4.50 2.45 0.18 0.22
/N 299.21 8.64 1.56 2.00 0.19 0.22
AL 23 432.16 8.03 3.92 3.16 0.17 0.19
Z5 VA 343.35 6.77 1.92 3.89 0.17 0.19
EAA 2] 376.01 11.09 2.20 3.78 0.21 0.25
HAENRE 14.86 5.88 3.41 2.91 0.25 0.26
HRAR 100. 65 10.42 1.16 3.08 0.16 0.16
[V T 98.3 9.08 2.48 2.94 0.21 0.24
AR 109.6 7.01 3.78 2.45 0.09 0.11
o 3 Fl 344.9 10.49 2.80 3.01 0.11 0.13
ot S A VRN | 46.4 8.76 3.89 1.89 0.22 0.23
R 355.7 10.14 1.04 4.24 0.13 0.16
[N 165.2 6.78 3.64 2.46 0.17 0.19

3.3 AR REIRACR LA R IR E B R T A

v AT 4
mE4TUR S, BMAEHTYHREREE 2
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RIPIBEB A Z M 418m, MRS A 1—2K 922 22 !
3, FRASCLRA AT 17 A HRAE S BN : K R *&a i i
BUKPRBT & o S A ST 5 H L K E S 2 !
BT ﬁ/\lilﬂﬁilziﬁ.lﬁ%{ﬂﬁ’ﬂl’]*ﬁﬁl Lo DA BOF B SR IR 0 Lo g
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I R N R AR UNT D WS & T - 2251 3182 6 ATSLKHE R SRR

Fig. 6 Fitting curve model between AT and L
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Table 5 Characters of the 17 city parks
SHBTR.  gUBIH O KKEB KK KIWE gy THATmavK

giﬁi /m? /% /m? /% Length-width Average I, Average
Grean area Grean rate Water area Water rate rate o AT
FA 510177 71.02 76848.2 10.70 1.20 250. 10 2.61
BRITA B 232023.6 85.39 6941.3 2.55 1.54 194.15 2.12
Y 283781.5 77.47 18828.9 5.14 2.86 336.29 2.66
B W12 e e et e B | 108128 80. 40 950.6 0.71 1.63 162.67 1.99
TR BB 127679 65.17 10496 4.92 2.67 228.22 2.45
BT A 638756.4 69. 59 42689.2 4.65 1.01 299.21 2.00
TRAEW 2 B 308445.2 46. 80 286793. 1 43.52 3.22 432.16 3.16
Fs RN T 116238.5 39.26 128889.2 43.53 2.74 343.35 3.89
f RN 1383588.7 79. 80 226303 13.05 1.25 376.01 3.78
HAEA 3245.3 80. 60 0 0.00 1.71 14.86 2.91
KA 41848.7 79.94 1958.5 3.74 1.56 100.65 3.08
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