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Abstract: Variations of urban heat island (UHI) intensity and its relationships with total suspended particulate (TSP) levels in developed areas of Guangzhou from 1985 to 2005 were studied in this paper. The results showed that annual mean UHI intensity ranged from 0.20 to 2.10 ℃, and was increasingly severe with the improvement of urbanization of Guangzhou in recent decades. Due to the effect of large scale weather background, monsoon circulation and rainfall, monthly mean UHI intensity had an obvious seasonal pattern, which presented “U” shape with a kurtosis at both sides and the minimum in July. According to daily data at 02:00, 08:00, 14:00 and 20:00 from 1959 to 2005, the maximum intensity appeared at 08:00 and the minimum at 14:00. Daily minimum temperature had taken on a trend of stable growth, with a mean UHI intensity of 1.09 ℃ during 1985 and 2005. On the whole, TSP levels showed a decreasing tendency since 1994. However, TSP levels exceeded the limit of 0.200 mg/m3 for State Ambient Air Quality Standard (GB 3095-1996) especially during 1982 and 1998. Based on the linear trend, it was showed that UHI intensity was significantly negatively correlated with TSP levels in developed areas of Guangzhou, with a negative correlation coefficient of -0.676. Although TSP will reflect sunlight to space, decrease the sunshine duration and have a cooling effect in urban area, the UHI effect in Guangzhou is a result of a balance between the atmospheric heating and TSP cooling.
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It is expected that about 65% of the world’s population by 2025[1], or 80% by 2050[2] will live in and around urban areas. Rapid urbanization, population growth and industrialization triggered the profound change to urban environment of mega cities around the world, especially in Asia[3-5]. Urban heat island (UHI) effect and total suspended particulates (TSP) pollution are the production of human activities, which have exerted severe ecological stresses on citizen living conditions and life support ecosystems. 

UHI, a climatic environmental issue as results of anthropogenic modifications of land uses, intensive use of energy, and its consequent generation of waste heat, describes urban and suburban temperature that are 2 to 8 ℃ hotter than nearby rural areas[6-7]. TSP are particulates with aerodynamic diameters smaller than 100 μm, which are emitted into the air from sources such as vehicles, industries or other human activities including construction work, mining and quarrying, and can affect the amenity value of our environment. TSP is the prominent pollutant in the ambient environment of main cities in China[8-9], several times as the limit of ambient air quality standards for World Health Organization[10]. Large particles may cause nuisance effects such as soiling of property, while smaller particles such as PM10 or PM2.5 have significant adverse effects on human heath and urban atmospheric environment[11-14]. World Bank Group estimated that China would have to pay 390 billion dollars for diseases caused by coal combustion pollution by 2020 if the present consumption rate is maintained until then, which would be about 13% of GDP value at that time[15].
UHI effect can impact communities by increasing peak energy demand for maintaining comfort level, air conditioning costs, and in final accelerating TSP formation in urban district. On the other hand, TSP can produce a pseudo-greenhouse effect, absorbing and reradiating long-wave radiation and inhibiting radiative surface cooling[16], enhancing the intensity of UHI[17-20]. Increasing TSP levels, however, were reported to contribute to the effect of the cooling[21-23]. TSP levels were negatively correlated with UHI intensity in Dar es Salaam, Tanzania[17], Shenyang and Changsha, China[24-25]. Therefore, the relationship between TSP level and UHI intensity was unclear at present[2]. However, it is crucial importance for urban planning and management to understand and master their relationship[26]. Thus, we focused on the variations of UHI and its possible relationships with TSP in developed areas of Guangzhou, China. This research will be clearly important for further TSP pollution control and UHI mitigation strategies, as well as urban planning on the regional scale.
1  Methods

1.1  Study Area
Guangzhou (22°26′—23°56′N, 112°57′—114°13′E.), capital of Guangdong province, is located in southeast of Guangdong province, north margin of the Pearl River Delta area. It adjoins the South China Sea, closes to Hong Kong and Macao. Guangzhou is the most important political, economic and cultural center in South China. The Guangzhou municipality comprises ten administrative districts and two rural counties in 2005, covering an area of 7,434 square kilometers including 3,718.5 square kilometers developed areas and a population of over 7 million[27]. It has a typical south subtropical marine climate with annual mean temperature of 20~22 ℃, the average relative humidity at 77%, rainfall of 1600 to 2600 mm, and a frost-free period of 345 days.
1.2  Data acquisition and processing
The continuous temperature data between 1951 and 2005 were obtained from Guangzhou Meteorological Satellite Ground Stations (113°19′ E, 23°08′ N) and Conghua Meteorological Bureau (113°38′ E, 23°38′ N), including annual, monthly and daily mean temperatures. Guangzhou Meteorological Satellite Ground Stations located at Tianhe district before 1996. With the rapid urbanization of Guangzhou especially in recent decades, Guangzhou Meteorological Satellite Ground Stations has been surrounded by building ‘forest’, in fact, this area has become a typical urban area of Guangzhou. Thus, it was moved from Tianhe district to rural Wushan in 1996, 10 km far away from urban core. Temperature data after 1996 were revised according to Fan et al. (2005), who suggested that 0.92 ℃[28] should be added to compensate the difference due to the transference of the Guangzhou Meteorological Satellite Station after 1996. The UHI intensity is computed based on the difference of annual, monthly and daily mean temperatures between Guangzhou Meteorological Satellite Ground Stations and Conghua Meteorological Bureau. Arithmetic mean of observed data of four times, 02:00, 08:00, 14:00 and 20:00 every day at Beijing Standard Time was obtained as daily mean temperature. Monthly arithmetic mean temperature was obtained by daily mean per month. Annual mean temperature was also obtained just as mentioned before. TSP data were from Guangzhou Environmental Monitoring Station, can also be available at official web site of Ministry of  Environmental Protection of the people’s Republic of China: http://www.sdinfo.net.cn/.
The correlations between TSP level and UHI intensity was determined by Regression Analysis. All statistical analyses were performed by Excel and SPSS 11.5 software package for windows (SPSS Inc., USA).
2  Results
2.1  Variation of annual mean temperature in Guangzhou, 1951-2005
Variations of temperature of Guangzhou during 1951-2005 and its rural Conghua during 1959-2005 were shown in Fig.1. Annual mean temperature showed an upward trend in Guangzhou and in Conghua respectively. During 1959 and 1996, annual mean temperature varied from 21.3~23.0 ℃ on average in Guangzhou with a total annual mean temperature of 22.5 ℃, while 20.7~22.7 ℃ with a total annual mean of 22.0 ℃ in Conghua. Among the recent decades, annual mean temperature in 1980’s was bigger than that in 1960’s and 1970’s, implying that the pace, depth, and magnitude of urbanization was obviously accelerated during this period. The warming rate of 0.27℃/10a has been evidently larger than 0.17 ℃/10a[29] reported in IPCC (2001). Compared to annual mean temperature of 21.9 ℃ in 1959, annual mean temperature in 2005 has increased with a magnitude of 1.83 ℃ in Guangzhou, and only 0.40 ℃ in Conghua city.
2.2  Variations of UHI intensity in Guangzhou, 1959-2005
2.2.1  Variations of annual mean UHI intensity in Guangzhou, 1959-2005
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Fig. 1  Variations of annual mean temperature in Guangzhou and its suburb, Conghua
Variations of annual mean UHI intensity in Guangzhou during 1959 and 2005 were showed in Fig.2. It suggested that, annual UHI intensity kept an increasing trend during 1959-2005, varying from 0.20~2.10 ℃ on average, with an annual mean of 0.57 ℃. Annual mean UHI intensity was obviously higher than reported data by Weng and Yang (2004)[30], which may be due to the fact that Chenchun station (as a measured standard) was near the urban centre. Annual mean UHI intensity has experienced an accelerated development at a rate of 0.529 ℃/10 a (y = 0.0529x+0.2982; R =0.941) since the 1980s, a few times of the 0.11 ℃/10 a in Tianjin during 1964 and 2003[31] and other areas[32].
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Fig. 2  Variations of annual mean UHI intensity in Guangzhou, 1959-2005

2.2.2  Variations of monthly mean UHI intensity in Guangzhou, 1959-2005.
Variations of monthly mean UHI intensity in Guangzhou during 1959 and 2005 were showed in Fig.3. It can be seen that the monthly UHI intensity in Guangzhou ranged from 0.06 ℃ to 1.12 ℃ on average. The maximum of UHI intensity, 1.12 ℃ was observed in November, following by 1.09 ℃ in December, 0.95 ℃ in January and 0.82 ℃ in October. The UHI intensity is lower during April and September than in other months, the minimum value (0.06 ℃) was observed in July. It can also be seen from Fig.3 that, monthly variation of UHI intensity presented “U” shape with a kurtosis at both sides and the minimum in July. The conclusion reported in this investigation was not in accordance with the data from Weng and Yang (2004)[30], who found that the minimum of UHI intensity appeared in February and March.
Annual and monthly variations of UHI intensity in Guangzhou are partially related to the large scale weather background, monsoon circulation and rainfall. Guangzhou has a typical subtropical marine climate, which is influenced more by the East Asian Monsoon than by the Indian monsoon circulation. Nearly 81.3% of the rainfall occurs between April and September with the highest rainfall in spring. Owing to the influence of monsoon circulation, wind direction had seasonal characteristics, i.e. southeasterly wind in summer and autumn, northerly wind in winter and spring. Alternation of Asian monsoon is prominent characteristic of climate in Guangzhou. Monsoon transition from summer to winter usually occurred in September and vice versa in April. Wet deposition occurs frequently from clean and humid southeasterly shoreward wind from the oceans (South China Sea and Tropical Pacific). Monthly mean rainfall is negatively correlated to the monthly mean UHI intensity, with a correlation coefficient of -0.775.
2.2.3  Variations of daily mean UHI intensity in Guangzhou, 1959-2005
Based on four times data at 02:00, 08:00, 14:00 and 20:00 every day during 1959 and 2005, daily mean UHI intensity in Guangzhou was showed in Table 1. Daily mean UHI intensity was highest (1.26 ℃) at 08:00, followed by 0.98 ℃ at 02:00, 0.67 ℃ at 20:00 and 0.37 ℃ at 14:00. It can also be found that, mean UHI intensity at 02:00, 08:00, 14:00 and 20:00 kept an increasing trend at different extent with the most rapid increase at 02:00, followed by 08:00, 20:00 and 14:00. Mean UHI intensity at daily minimum temperature also kept an increasing trend, with a mean UHI intensity of 1.09 ℃. Rapid urbanization, population growth and industrialization contribute to the increasing UHI intensity at minimum temperature in Guangzhou.
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Fig. 3  Variations of mean UHI intensity and 
rainfall in Guangzhou, 1959-2005

2.3  Variations of annual mean TSP levels in Guangzhou, 1981-2005
Variations of annual mean TSP levels in Guangzhou during 1985-2005 were showed in Fig. 4. It can be seen that three kurtosis, 0.288 mg/m3 in 1988, 0.306 mg/m3 in 1994 and 0.178 mg/m3 in 2003 and 2004 were observed. During 1982 and 1994, kurtoses periodically appeared at a frequency of 8 years, with an increasing trend. After 1994, annual mean TSP levels kept a downtrend from 0.306 mg/m3 in 1994 to 0.150 mg/m3 in 2001, while annual mean TSP levels were increased slightly during 2001 and 2005. Annual mean TSP levels exceeded the limits of 0.200 mg/m3 for State Ambient Air Quality Standard (GB 3095-1996) during 1982 and 1998, even exceeded tertiary standard limits of 0.300 mg/m3 in 1994 (0.306 mg/m3). Statistics results showed that TSP was the prominent pollutant in the ambient air environment of Guangzhou city, which accounted for nearly 62% of statistical days[8].
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Fig. 4  Variations of annual mean TSP levels and UHI 

intensity in Guangzhou, 1985-2005
2.4  Regression analyses between UHI intensity and TSP level in developed areas of Guangzhou, 1985-2005
Table 1  Mean UHI intensity at 02:00, 08:00, 14:00 and
20:00 in Guangzhou, 1960-2005
	UHI/℃
	02:00
	08:00
	14:00
	20:00
	Max.
	Min.
	Mean

	1960-1969
	0.41
	0.91
	0.04
	0.17
	-0.05
	0.18
	0.39

	1970-1979
	0.51
	0.78
	0.04
	0.31
	-0.05
	0.67
	0.41

	1980-1989
	0.80
	0.98
	0.26
	0.45
	0.19
	0.94
	0.62

	1990-1999
	1.29
	1.40
	0.47
	0.94
	0.34
	1.54
	1.02

	2000-2005
	1.87
	2.23
	1.02
	1.47
	0.90
	2.12
	1.64

	Mean
	0.98
	1.26
	0.37
	0.67
	0.27
	1.09
	0.82


Regression analyses between UHI intensity and TSP level in developed areas of Guangzhou during 1985-2005 was showed in Table 2. Regression analysis showed absolute values of correlation coefficients was 0.676, which was greater than 0.549(r0.01，19;P＜0.01). Data obtained from t test showed regression coefficient was significant at the level of 0.001(∣t∣=3.995﹥t0.001，19=3.883). Based on the results from this research, UHI intensity was significantly negative correlated with TSP level under the likelihood of 99%. The regression equation is Y = -5.3823X+2.3413, R2 =0.4565(Y means UHI intensity; X means TSP level, p＜0.001).
Table 2  Regression analyses between UHI intensity and TSP level in Guangzhou, 1985-2005
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig
	Correlations

	
	B
	Std Error
	Beta
	
	
	Zero-order
	Partial
	Part

	1
	(Constant)
	0.322
	0.025
	
	12.730
	0.000
	
	
	

	
	UHI
	-0.085
	0.021
	-0.676
	-3.995
	0.001
	-0.676
	-0.676
	-0.676


3  Discussions
Guangzhou is experiencing rapid urbanization and industrialization, which have exerted severe ecological stresses on citizen living conditions and life support ecosystems. Under the background of global climate warming and quick urbanization, UHI intensity is increasing at a rate of 0.529 ℃/10 a during 1985 and 2005 in Guangzhou. Although TSP concentration has shown a downward trend in recent years, TSP, as the prominent pollutant in ambient air in Guangzhou, is still serious due to the influence of energy consumption structure[8]. In recent decades there are very high fine particle concentrations in ambient atmospheric environment in urban Guangzhou, obviously increasing haze weather and resulting in the deterioration of visibility[33-35]. From the beginning of the 1980’s the visibility dramatically deteriorated with increasing fine particle concentration, with half of PM10 surpassing the limits for national second graded standard, meanwhile, all values of PM2.5 rise above the day-mean limits for American national standard[36]. Those suspended particulates gather as a dust dome and have significant regional climate effects, such as absorbing and back-scattering incoming solar radiation, decreasing the solar radiation that reaches the urban area’s surface due to the increase in cloud amount. Several kinds of particulate will provide the nucleus, which can improve the condensation process of moisture, led to a highly low-cloud and fog frequency, and change the optical characteristics of cloud. As a result, suspended particulate can cool the surface of the urban area. The cooling potential of suspended particulate generally increases with increasing concentration of TSP, especially of fine particle. It is reported that high concentration of suspended particulate due to Pinatubo volcano eruption during mid-June of 1991 is responsible for the decrease of the global average temperature at an extent of 0.5 ℃[37]. Due to the same reason, a series of climatic cooling appeared in the summer of 1992 over almost all parts of China[38-39]. Although suspended particulate will reflect sunlight to space, decrease the sunshine duration and have a cooling effect in urban area, the UHI effect in Guangzhou is a result of a balance between the atmospheric heating and suspended particulate cooling. Our conclusion is consistent with the results by Deng et al., who show that the suspended particulate can cause climate cooling in Shanghai city[40].
Plants in urban district are exposed to higher UHI intensity and higher TSP levels than plants in rural areas, which have detrimental or beneficial effects on urban plant growth. However, urban green coverage with multiple structures and ecological function has been proved to play an important role in UHI intensity mitigation and TSP pollution prevention. Therefore, much more research is necessary to probe into the potential effects of green coverage on UHI intensity mitigation and TSP pollution prevention. To regulate urban environmental quality and improving of citizen health, it is of crucial to strengthen the maintenance and management of existing urban plant and new afforestation, and continue to foster community efforts in greening through voluntary programs. In general, solving these ever-increasing problems which seriously endanger our civilization requires the united efforts of scientists and field researchers of many branches.
Acknowledgements: The authors would like to thank Professor Liu Qiang and Sun Xi-lan for their kind help of revising the language of the paper and improving the quality of this manuscript. The work was partially supported by the National Natural Science Foundation of China (No.30670385), and Key Project of Chinese Education Ministry (No.704037) and the Special Invited Professor Foundation of Guangdong Province.
References:
[1] SCHELL L M, ULIJASZEK S J. Urbanism, Health and human biology in industrialized countries[M]. Cambridge University Press, Cambridge, 1999.
[2] CRUTZEN P J. New direction: The growing urban heat and pollution “island” effect —impact on the chemistry and climate[J]. Atmospheric Environment, 2004, 38(21): 3539-3540.
[3] ARNFIELD A J. Two decades of urban climate research: A review of turbulence, exchanges of energy and water, and the urban heat island[J]. International Journal of Climatology, 2003, 23(1): 1-26.
[4] KALNAY E, CAI M. Impact of urbanization and land-use change on climate[J]. Nature, 2003, 423: 528-531.
[5] PICKETT S T A, CADENASSO M L, GROVE J M, et al. Urban ecological systems: Linking terrestrial ecology, physical, and socioeconomic components of metropolitan areas[J]. Annual Review of Ecology and Systematics, 2001, 32: 127-157.
[6] OKE T R. Boundary layer climates, Second Edition[M]. London: Methuen and Co., 1987: 435.
[7] World Meteorological Organization. Urban climatology and its applications with special regard to tropical areas[C]. Proceedings of the Technical Conference Organized by the World Meteorological Organization, Mexcio, 26-30 November 1984: 534.
[8] ZHOU K, YE Y H, LIU Q, et al. Evaluation of Ambient Air Quality in Guangzhou, China[J]. Journal of Environmental Sciences, 2007, 19(4): 432-437.
[9] LI X J. Origin of urban environment pollution and administrable measure[J]. Journal of Xi’an Engineering University, 2002, 24: 32-35.
[10] World Health Organization (WHO). Country Cooperation Strategy: WHO China Strategic Priorities for 2004-2008[M]. Beijing, 2002: 34.
[11] ARDITSOGLOU A, SAMARA C. Levels of total suspended particulate matter and major trace elements in Kosovo: a source identification and apportionment study[J]. Chemosphere, 2005, 59: 669-678.
[12] DNANY H, OSCAR B, GERARD H, et al. PM10 and PM2.5 concentrations in Central and Eastern Europe: results from the CESAR study[J]. Atmospheric Environment, 2001, 35(15): 2757-2771.
[13] PANYACOSIT L. A review of particulate matter and health: focus on developing countries. Interim Report IR-00-005[M], 2000.
[14] SPENGLER J D, WILSON R. Health effects of exposure to low levels of particulate matter[J]. Environemt International, 1997, 23(4): 587-589.

[15] WANG Y Z. Study on key issues related to future energy price reform[J]. Price Theory and Practice, 2005, 10: 7-11.

[16] MENON S, HANSEN J, NAZARENKO L, et al. Climate effects of black carbon aerosols in China and India[J]. Science, 2002, 297: 2250-2253.

[17] JONSSON P, BENNET C, ELIASSON I, et al. Suspended particulate matter and its relations to the urban climate in Dar es Salaam, Tanzania[J]. Atmospheric Environment, 2004, 38(25): 4175-4181.

[18] TRAVIS D J, CARLETON A M, Lauritsen R G. Contrails reduce daily temperature range[J]. Nature, 2002, 418: 601.

[19] YOSHIKADO H, TSUCHIDA M. High levels of winter air pollution under the influence of the urban heat island along the shore of Tokyo bay[J]. Journal of Applied Meteorology, 1996, 35(10): 1804-1813.

[20] LI Z H, TANG B, REN Q F. A study on the effects of the heat and wet island in the city of Chongqing during wintertime[J]. Acta Geographica Sinica, 1993, 48(4): 358-366.

[21] CHEN L X, ZHU W Q, ZHOU X J, et al. Characteristics of the Heat island effect in Shanghai and its possible mechanism[J]. Advances in Atmospheric Sciences, 2003, 20: 991-1001.

[22] PENNER J E, CUBASCH U, DAI X, 2001. in Climate Change 2001: Impacts, Adaptation, and Vulnerability. Intergovernmental Panel on Climate Change, Working Group Ⅱ: The Scientific Basis[M]. Houghton J T, et al., Eds. Cambridge Univ. Press, Cambridge, UK, 2001: 289-348.

[23] SANG J G, LIU H P, LIU H Z, et al. Observational and numerical studies of wintertime urban boundary layer[J]. Journal of Wind Engineering & Industrial Aerodynamics, 2000, 87: 243-258.

[24] CAO J, ZENG G M, SHI L, et al. Coupling relationship between the urban Heat-Island and the total suspended particles pollution in Changsha city based on remote sensing and GIS[J]. Ecology and Environment, 2007, 16(1): 12-17.

[25] ZHANG Y H, LI F Y, LIU M. Variation of urban heat island and its relationship with TSP in Shenyang[J]. Environmental Protection Science, 2004, 30(122): 1-3.

[26] PENG S L, YE Y H. The influence of urban heat island on urban planning[J]. Acta Scientiarum Naturalium Universitatis Sunyatseni, 2007, 46: 59-63.

[27] Guangzhou Statistical Bureau. 2006. Guangzhou Statistical Yearbook[M]. Guangzhou Statistical Bureau Press, Guangzhou, 2006. http://www.guangzhou.gov.cn/
[28] FAN S J, DONG J, GUO L L, et al. A study on the urbanization effect on the temperature of Guangzhou city[J]. Journal of tropical meteorology, 2005, 21(6): 623-627.

[29] Intergovermental Panel on Climate Change (IPCC,). The Science of Climate Change.Summary for policymakers and Technical Summary of Working Group One[M]. Cambridge University Press, 2001: 98-101.

[30] WENG Q H, YANG S H. Managing the adverse thermal effects of urban development in a densely populated Chinese city[J]. Journal of Environmental Management, 2004, 70(2): 145-156.

[31] HAN S Q, GUO J, HUANG S L, et al. Study on the evolution of urban heat island in Tianjin city[J]. Ecology and Environment, 2007, 16: 280-284.

[32] LI Q, ZHANG H, LIU X, et al. Urban heat island effect on annual mean temperature during the last 50 years in China[J]. Theoretical and Applied Climatology, 2004, 79(3-4): 165-174.

[33] ANDREAE M O, SCHMID O, YANG H, et al. Optical properties and chemical composition of the atmospheric aerosol in urban Guangzhou, China[J]. Atmospheric Environment, 2008, doi: 10.1016/j. atmosenv. 2008.01.030

[34] LIU S, HU M, SLANINA S, et al. Size distribution and source analysis of ionic compositions of aerosols in polluted periods at Xinken in Pearl River Delta (PRD) of China[J]. Atmospheric Environment, 2007, doi:10.1016/j.atmosenv.2007.12.035

[35] WU D, TIE X X, LI C C, et al. An extremely low visibility event over the Guangzhou region: A case study[J]. Atmospheric Environment, 2005, 39(35): 6558-6577.
[36] WU D, DENG X J, BI X Y et al. Study on the visibility reduction caused by atmospheric haze in Guangzhou area[J]. Journal of Tropical Meteorology, 2007, 13: 77-80.

[37] FU P J, WANG S H. The Hot discussion about climate change: The climate effects of aerosols[J]. Advance in Earth Sciences, 1998, 13: 387-392.

[38] State Environmental protection Administration of China, National Ambient Air Quality Standard (NAAQS, GB3095-1996) [EB/OL]. Available at http://www.zhb.gov.cn
[39] DENG R R, TIAN G L, WANG X M, et al. Quantitative remote

sensing for synthetic aerosol and its application in Shanghai district. SPIE’s Third International Asia-Pacific Environmental Remote Sensing Symposium[C]. July 2002, Hangzhou, China, 2002: 125-129.

广州市城市热岛时间变化特征及与大气总悬浮颗粒物关系的研究
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摘要：文章研究了1985—2005年期间广州市城市热岛强度时间变化及与大气总悬浮颗粒物浓度的关系。结果表明，由于经济的快速增长和城市化进程不断加快，广州市城市热岛效应十分明显，年平均热岛强度在0.20~2.10 ℃之间波动。受季风等大范围气候背景及降雨的影响，月平均热岛强度具有明显的季节变化特征，总体上呈“U”字形变化，其中7月份热岛强度最低，11月份最高。不同时次（02:00, 08:00, 14:00和20:00）的热岛强度以08:00时最高, 而以14:00最低。最低温度下的热岛强度呈现出稳定增长的趋势（平均值为1.09 ℃），显示出广州近地面平均气温上升以最低温度最为明显。自1994年之后广州市大气总悬浮颗粒物水平呈现出明显的下降趋势，然而1982年到1998年期间仍然超过了国家大气质量二级标准所规定的浓度限值0.200 mg/m3。研究还表明，广州城市年平均热岛强度与年平均大气总悬浮颗粒物浓度之间存在显著的负相关，负相关系数为-0.676。尽管市区大气总悬浮颗粒物可以反射太阳辐射，降低日照时间，最终产生致冷效应，但是广州城市热岛效应是全球气候变暖下的大气增温和悬浮颗粒物降温之间平衡作用的结果。
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