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Abstract. Climate change is the most serious problem we face in the 21st century. Accompanied by the rapid expansion of
cities worldwide, the phenomenon of urban heat islands has become a critical environmental issue in many large cities,
since it is associated with a warmer climate. An exposure to higher temperatures can result in a spectrum of outcomes in the
realms of human health and well-being. These outcomes range from mild discomfort to life-threatening medical conditions.
Fortunately, trees and vegetation in the urban environment help to cool urban climates. This occurs through shading and
evapotranspiration. Although there have been numerous studies on microclimate-adjusting effects of urban green spaces, few
of these studies quantify the economic value of air temperature reduction provided by these spaces. This is especially true for
cities suffering from the heat island effect. Urban heat island conditions have been observed for more than half a century in
the city of Beijing. The area affected by this heat island rapidly expanded from 111 km® in 1987 to 292 km® in 2009, and
the percentage of heat island to built-up area increased sharply from 11% to 27% . Therefore, it is very important for city
managers to estimate and achieve economic benefits of the cooling effect of green spaces. Based on a number of empirical
studies and inventory data concerning urban green spaces in Beijing (2009 ), this study estimates the economic effects of
the city’s green space on air temperature reduction through evapotranspiration. The results show that green areas in Beijing

could reduce the temperature by 0. 8—4.8°C. As a consequence, urban green spaces totaling 6. 1x10* hm® in built-up
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areas of the city could absorb 4.61x10" J of heat via evapotranspiration during summer. The average heat absorbed by these
spaces could reach 8.4x10% J-hm™d™", which corresponds to the cooling effect of ten 1000-W air conditioners. According
to the price for residential electricity, the summer temperature reduction from the urban green spaces could save 641 million
RMB of the cost of electric energy consumption per year. This figure is based on annual average savings reaching 1. 05
RMB/m” for urban green area with temperature reduction. In addition, the temperature reduction effects of urban green
spaces varied with type and location. The amount of heat absorption of protected green zones was significantly less than
those of public, roadside, affiliated, and productive green spaces. Average values of air temperature reduction per unit area
of green space in Dongcheng District, Xicheng District, Miyun County, and Yanqing County were significantly higher than
those of the districts of Pinggu, Fengtai and Shijingshan. These cooling effect variations may be related to differences in
area and structure of urban green spaces. Therefore, evidence is provided to support the commitment of resources to urban
green infrastructure enhancements. Furthermore, such evidence conveys the importance of the structural characteristics of
green land. Urban foresters, ecologists, and landscape planners should take advantage of this type of data to plan, design
and manage green spaces in heat island areas. In this way, communities can realize energy savings, and cities and urban

neighborhoods can be made more livable.

Key Words: urban green space; air temperature reduction; valuation; Beijing City
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Table 1 Areas and percentages of different types of compositions of urban green areas in Beijing
; e ; " — Ir-HE-Ti -
4y ik HEA ik Pl Pt T X
Structure Tree Shrub Grass Tree-Shrub ~ Tree-Grass ~ Shrub-Grass ’ C i Water
srass
T Area/ (10% m?) 115.39 1.36 13.88 76.54 16.91 18.81 367.48 6.57
LA Ratio/ % 18.70 0.22 2.25 12.41 2.74 3.05 59.56 1.06

# B R A LT bl Ak I A iR gt i

AR 1 2 TR (1 S5 R L IR T, A Tl g b, i g e 0 (66 gt b v 1) 7 -V - B 25 40 PGB B0 o 38 A=
7 BT - S AR LU B 349% TR AP Ak AR AT A 3, FR-HE-RE L B A 219% (% 2) s AT
X B Y A SRR TR, ZR I P I DX A S % 2= EL I AEE D B g A i DX el v, -0 - R 25 4 1 i o5 L A97)
B0 Qi s, 1T A IX 5 6 DRI S5 L DX X B et oy ) - - B g T R LG 1), R LR 3

R2 IAETARGUMEB P ERAMLEB) %

Table 2 Percentages of different types of compositions of urban green areas in Beijing

ARl FrA A LX) Ir-lE Ir-Hi R Tr-TE -1
Type Tree Shrub Grass Tree-Shrub Tree-Grass  Shrub-Grass Tree-Shrub-Grass
4\ BEl 441 Public green space 6.73 0.10 0.92 7.99 1.03 0.17 83.06
B B4k Roadside green space 5.83 0.35 9.21 5.83 1.32 11.94 65.52
[t J& 4k b Affiliated green space 5.04 0.08 0.71 15.75 5.91 2.38 70.13
B - Protective green space 57.25 0.02 0.02 18. 68 2.92 0.12 20.98
A =23 Productive green space 30.17 4.95 0.00 28.78 0.48 1.55 34.06
# HidfioR | LT b Ak i I A i e i
£33 TRAREEMXEHMERNERF ARG %
Table 3 Percentages of different types of compositions of urban green spaces in different regions of Beijing

< 5 A A i P Fr ot -2 T2
District/ County Tree Shrub Grass Tree-Shrub ~ Tree-Grass ~ Shrub-Grass Tree-Shrub-Grass
ZRIRIX Dongcheng District 3.22 0.20 0.22 3.84 0.66 0.23 91.62
PEIRIX Xicheng District 1.20 0.05 9.12 2.55 0.59 0.61 85.88
#PBAX. Chaoyang District 14.03 0.11 0.38 22.49 2.22 0.06 60.70
F 5 X Fengtai District 43.27 0.00 0.01 11.02 4.82 0.69 40.19
£ 511X Shijingshan District 37.93 0.00 0.01 13.54 3.54 0.13 44.85
W3E X Haidian District 36.93 0.30 0.02 5.59 0.31 2.17 54.69
["13k ¥4 X Mentougou District 1.41 0.05 0.25 44.47 0.01 0.59 53.22
J 11X Fangshan District 15.39 1.73 0.02 29.77 2.90 0.85 49.33
it M X. Tongzhou District 18.36 0.06 0.02 6.76 0.49 20.38 53.92
M5 L IX. Shunyi District 6.76 0.31 13.26 3.26 10.79 4.56 61.07
EF-IX. Changping District 7.38 0.11 0.02 17.99 1.75 7.31 65.44
K2%X Daxing District 0.19 0.00 7.66 0.46 3.48 5.14 83.08
M IX Huairou District 8.51 0.21 0.24 14.59 1.27 0.35 74.83
A IX Pinggu District 14.85 0.07 23.62 5.56 3.31 0.46 52.13
% 2z E Miyun County 0.40 0.00 0.14 6.72 0.29 0.03 92.42
FEPRE Yanging County 2.43 0.00 0.02 5.99 0.19 0.03 91.33

# B R A LT el Ak o A iR gt it
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V=0.278 x 10°° x TQ X p (3)

Ko, VoAb R A X SRR E (JT/a) ,p AR R (0.5 J0/kWh)
3 GERSW
3.1 ORI[RIZR IR S (H L

H AT, AEAC I X T K S M R R R ) S Bl i, b an R £ 55 (1983 ) 2Rt 3a K 2= 22 N &
B, U IE TR LS A M B I SR ZL L R 1) 3508 1.3 ¢ fEdb skl K2 e i, 1 3 Rbk
BB (—BRERA) IRIEZETTIE 1.91—2.76 C (CEE R 2.34 C) M R Bz ARGk bbb 5007 JE e fE
X - -F R Gt H S Y SR EAIG 4. 8 °C, FE-RE RIS BT ER 20 51 R 1.3 C 10,9 °C ) iiAE JT 35 55\ el
W, S TEH A L, FERRE AR 0. 3—1.5 C CFIMH 0.8 C) AT 37 (ERE AR A AT 4 ) IR EEAR
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Table 4 The effects of reducing temperature and absorbing heat of different types of urban green spaces in Beijing

GHu A 0328 4 2 SRR/ C P (108 J-hm™2-d 1)
Type Measurement field Max temperature Absorbed heat' thl."ough
reduction evapolranspiration
T* K Tree ARBTIE , AL sl R 2= A FE 2.34M19) 7.04
L Grass JEAE X 2k, Jb 50 FE 0.9[2] 2.71
UNTES S 0| Al 2l 0.8 2.41
F-HMH 0.85 2.56
F* - Tree-Shrub AR, AL aTIE g 1.3018] 3.92
T8, A 5 55 =N 1.9021) 5.73
FHMHE 1.6 4.83
T Shrub-Grass b5y FE R AE X 1.3020] 3.92
Ir-HE-H sty X 4,820 14.47
Tree-Shrub-Grass TH b, b5 PG PO IR 2.6 2] 7.84
F-HMH 3.7 11.16

3.2 ZEMBW A
3.2.1 BRI SE

AN [R5 46) e 1l 114 2 18 WG FARE 1R At sl DX A7 T R il 2% P T B it 2. 56 x10° J - hm ™ d ™, Skl
(FETRA B Ml T FNE - EOE I () 2K 4. 59%10° J-hm > d™", S52CRTWFoT 45 52 ( Bl 2. 19%10° J-
hm ™ d™ Figgih 4. 48%10° J-hm > d ™) FAZr ™, Ua I PPA o A Hh R T A S bt 2% 05 W AV RE 7 2 B0 X P&
2009 FAL T X SRHLTEFL 6. 1 J7 hm® A Lo 5 ZE 25 A 4. 61 x 10" ), P38 - bt 2t b A ORI 4
8.4 12 J, HI24F 10 &5 1000W 23 JH A RFIRAE
3.2.2  [RIZEH S Hb Y A TR W A

AN R b 2 AT, 2 el 2o b R B i ¢ b 3 2 o VR R P B, 40 310 1. 48 %10 J F1.25%107 ], —
H TR I TR R B BRI W AR 1) 59% 5 By 7453 1L R T B ok s B 7 2% s T AR RO 2 L 141 0. 9% 107
Vi A i B = BRI A /N U 0. 9%10™ T, R S ZE IR 19 1. 95% (&l 1) . X EZ SR 280 St
FITETARAT G o AR, B I AR A H 25 S WA RE 1R, /A el S iy 5 B S 5 s, 43 3K 9. 41x10° J - hm ™ d ™
FOX10® J-hm™d™, IMi A5 7™ 5 iy FI1H [ 4 bt 2 2 P flR W FAVRE ) 230, 43000 8. 36X 10° J-hm ™ d ™" F1 8. 12x10°
Johm 2 d™ Bii4P 2 b B o7 TR R B FAIK , AR 6. 79%10° J-hm > d ™ (& 1) o AT UL, A6 50 i IX 57 47143 1l B 2 [
TR AT RE I A T HA IS A S i | 5 SR R | A\ el 2 b | B I o 3th R GE JH6 2 tb F 7 - - B85 U 9] B A
P, A S b 1 7 - HE - TR RR LU BB T[99 4 i -V - L AN 7 21% (38 2) , Ui B b T b DX 7 7 4
T B — 2D A S M 25 ) BT T - - R AR L A1
3.2 ZRIBRRIRME

AL ZE S0 | LUE R A 2% AU d X Skt 52 R AN ELH 6. 4 4270, PR SR R IR A 1
4 1.05 Jo/m’, BEAORFE 5 PH DX R E X Sk b 2 =B A S i K, 30k 1.36 4250 1.03 {278, —
FH B SRR 38% ; HKCH B IX I SCIX 2 5 KRR S X kit 195 2 B SE A RISk 8 X 2 b
HERERNEBL, BT 1T (B 2), ARSI 2 5 AR X B LB ¢, Ao, 5t s i gk
W BN A, RIRIX VIR X DL S = B JE R BRIV 22 X S 5 i, T P-4 X A 5t Ll XA 5 X8R
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