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1. Introduction
The urbanization has led to many issues in cities, and these problems have been becoming more and more serious due to
their effects on thermal comfort and environment, people’s health and resource degradation. Global Warming and Urban Heat

Island (UHI) have become main problems all of the world, and the environmental degradation results in not only the increase
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of energy consumption in cities but also healthy problem of people.

In this study, the impact of urban planning on urban climate in Wuhan

city was studied (Fig. 1). Wuhan is a typical city in humid subtropical

climate city, China, and is the capital of Hubei Province, People's Republic *%
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of China, located at 113°41’-115°05' East, 29°58'-31°22' North. Because of SIS i{lkm
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its hot summer weather, Wuhan is commonly known as one of the Three Hike 45.%75 . 3
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Furnaces of China, along with Nanjing and Chongging. Spring and autumn
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are generally mild, while winter is cold with occasional snow. The monthly ™
24-hour average temperature ranges from 3.7°C in January to 28.7°C in July. Fig. 1 Location of Wuhan
Annual precipitation totals 1269 millimeters, mainly from May to July; the annual mean temperature is 16.63°C, the frost-free
period lasts 211 to 272 days and the annual sunlight duration is 1810 to 2100 hours. Extreme temperatures have ranged from
—18.1°Cto 42.0°C.

In recent years, owing to rapid urbanization in developing countries and the various environmental problems in urban
areas, such as air pollution, heat islands, and energy consumption, the urban outdoor environment has received considerable

attention over the years. Many studies on urban climate have been carried out, such as field measurement, simulation and wind

tunnel experiment, etc. Accompanying with the development of simulation techniques, many researches regarding to
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simulation combined with wind velocity, air temperature, humidity and radiation were carried out.

Most studies of microphysics and boundary-layer schemes have been confined to coastal cities and northwest areas with
few considering the Humid Subtropical Climate city in China.

Zhou (Huangzhong University of Science and Technology) researched on 3 scenarios with different water areas in
built-up zone of Wuhan in summer period. But it only considered the land use conditions changed (water area change), did not
consider the impact of urbanization (building density, green area ratio) on urban climate.

Overall, the following two aspects were studied in this thesis:

1) appropriate microphysics and boundary-layer schemes for use in the WRF model for simulating the urban climate in
Wuhan city, China.

2) the influence of building density and green area ratio on urban climate (air temperature, wind velocity, heat island).

2. Thesis structure
The thesis is divided into five chapters.

Chapter 1: The introduction of research background (global warming and urban heat island), previous research on urban heat
island, urban canopy model and green coverage ratio, the objectives and the structure of the thesis are given in
Chapter 1.

Chapter 2: Chapter 2 aims at researching the appropriate schemes of microphysics and boundary-layer in WRF model for
simulating the urban climate in humid subtropical climate city. Firstly, a field measurement was carried out in
Wuhan, and the air temperature and relative humidity were recorded above building canopy layer. Secondly, the
near-surface air temperatures (2 m), relative humidity (2 m) and wind velocities (10 m) from simulated data and
observed data at two meteorological observatories were compared.

Chapter 3: The purpose is to explore the effect of different building densities on the urban climate in Wuhan city. In order to
achieve this goal, 15 cases were designed with different building densities. Then, the effects of different building
densities on urban climate were discussed through air temperature, wind velocity.

Chapter 4: The purpose is to explore the effect of different green area ratio on the urban climate in Wuhan city. In order to
achieve this goal, 12 cases were designed with different green area ratio. The effects of different green area ratio on
urban climate were discussed through air temperature, wind velocity.

Chapter 5: Conclusions of the thesis are highlighted and future works are discussed in Chapter 5.

3. Conclusions and future work
(1) The suitability of the microphysics and boundary-layer schemes in the WRF model for simulating urban climate in

Wuhan was examined and the following conclusions were drawn:

— 636 —



1)  Simulated resulis from four different combinations of microphysics and boundary-layer schemes (WSM3-MYJ, WSM3-YSU,
WSM6-MYJ, and WSM6-YSU) were compared with field measurement results. The measured and simulated data were
consistent with regard to trend. The results indicated that the WWSM6-YSU model showed the best agreement with the

measured data obtained in Wuhan city.
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3) In the residential zone, the air temperature decreases
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building density equals to 40%, the air temperature

Fig. 4 The relationship of green area ratio and air
increases with building density (Fig. 3).

temperature in industrial zone
4) In industrial zone, the turning point is 50%, when
green area ratio equals to 20% and 30%. When green area ratio equals to 40%, the turning point is 40% (Fig. 4).

(3) The impact of green area ratio on urban climate in Wuhan city was discussed, and the following conclusions can be

drawn:
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1) Different green area ratio has less effect on air temperature and wind velocity during the daytime, and more effect in
the nighttime.

In business zone, whatever building density equals 20%, 30%, 40%, and 50%, the air temperature reaches maximum
when green area ratio equals 30%. Before the green area ratio equals 30%, the air temperature increases with the green area
ratio; after the green area ratio equals 30%, air temperature decreases when the green area ratio increases.

In residential zones, whatever building density equals 20%, 30%, 40%, and 50%, the air temperature reaches maximum
when the green area ratio equals 30%. It is the same as air temperature in business zones.

In industrial zones, when building density equals 20%, and 30%, the air temperature reaches maximum when the green
area ratio equals 30%. But when green area ratio equals 40%, the air temperature shows different change.

2)  The changes in wind velocity are greater than temperature.

In business zone, when building density equals 20%, and 40%, the wind velocity decreases when the green area ratio
increases. But when building density equals 30%, and 50%, wind velocity reaches maximum when the green area ratio equals
30%.

In residential zones, when building density equals 40%, and 50%, the wind velocity decreases when green area ratio
increases. When building density equals 20%, wind velocity reaches maximum when the green area ratio equals 30%. But
when building density equals 30%, the wind velacity shows large change; it increases when the green area ratio increases.

In industrial zones, whatever building density equals 20%, 30%, 40%, and 50%, the wind velocity reaches maximum
when the green area ratio equals 30%.

(4) This study focuses on the influence of building density and green area ratio on air temperature and wind velocity in
humid subtropical climate city. The study about adapting for the impacts of inevitable UHI will not stop. The future study of
research on influence of urbanization and urban climate are as follows:

a) Other humid subtropical climate city. Wuhan city is the typical humid subtropical climate city in China, but what
about the other humid subtropical climate cities, such as Malaysia, Philippines and so on. Studies on other humid subtropical
climate cities are also needed.

b) Heat balance and urban heat island influence. This study only focuses on the air temperature and wind velocity, and
did not discuss the heat balance, urban heat island influence and others, but these are very important in the urban climate, so,
heat balance and urban heat island influence are also needed to research.

¢) The applicability of the UCM currently implemented in WRF for simulating the different building density
green area ratio. In chapter 4, the conclusions mean that the present UCM implemented in WRF is not suitable for simulating
the different green area ratio. What the reason that can not suitable, how to improve it, how to improve the accuracy of

simulation, there are also the important issue should be research in the future study.
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