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Abstract
Taking a sunny day with high temperature in the coastal city of Dalian in July 2013 as the research background,

the WRF model was used to implement the urban climate numerical simulation. The results showed that the sea
breeze and mountain massif had a significant alleviated effect on the UHI ( urban heated island ); the center of
UHI is located in golden triangle area of Ganjingzi District with the maximum UHI intensity reaching 5.6℃ .
Compared the simulation results with the data of meteorological station and the in situ observation, the paper finds
that their change trend was consistent and the deviation was within the acceptable range. The correspondent
overall planning strategies were also analyzed for the city.
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1. Introduction
In recent years, it has gradually become one of the hot spots in research by means of using WRF model to

analyze the local climate characteristics, based on which improvement planning and management strategies for
urban climate is put forward. WRF (Weather Research and Forecasting Model), which is jointly developed by the
National Centers for Environmental Prediction (NCEP), the National Center for Atmospheric Research (NCAR) etc.
research institutions in 2000. WRF has many advantages and has been widely used in the research of urban
climate. WRF model has many parameterization schemes to describe the complex climate phenomena in urban
environment. Coupled with Noah land surface model, urban canopy model (such as UCM, BEP and BEM model),
and even with the finer scale CFD model, WRF model is able to give a detailed description of urban morphology,
building information and anthropogenic heating etc, which provide more realism to understand and evaluate the
urban climate. Many researchers have implemented high resolution urban database to study urban climate, such
as Ashish Sharma used 1km resolution of geographic data to conduct the research of Chicago urban climate;
Meng Weiguang used updated GIS land use data and urban canopy model to make the numerical experiments of
a hot weather days in Guangzhou; Chuan et al. used MODIS satellite 1km resolution land use data to conduct an
analysis of UHI effect of Taipei city.

Figure 1. The expansion of Dalian city

Dalian is a typical coastal mountainous city, located in the southern tip of Liaodong Peninsula in northern part of
China. Dalian is characterized by good natural condition, appropriate temperature and the hot tourist city in
Northern China. After the New China, Dalian has experienced three major expansions in the direction mainly to
development District in the northeast, high-tech District in the southwest and Ganjinzi District in the northwest. The
geometry center of the entire city is shifting northward from the original Zhongshan District. All previous city
expansions is developing along the tortuous coastline, coupled with more mountainous regions, so urban built-up
areas has formed complex and intertwined relationship with coastline and mountains. Over the past 60 years,
urban area of Dalian has gradually expanded from 50 square kilometers (in 1950) to 500 square kilometers (in
2013).
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Because of the development and utilization of urban land with high strength, central urban area is in the
morphological characteristics with high rise and high intensity construction. In the past fifty years, the annual air
temperature of the central area of the city has gradually increased; the wind speed has reduced; and air pollution
has gradually aggravated. According to the environmental monitoring data, the number of excellent air quality in
Dalian in 2013 is only 79 days. It has become a top priority to using the scientific tool to analyze the climate impact
of the urban expansion in Dalian and put forward the corresponding planning strategies. This paper has used
WRF to stimulate characteristics of urban temperature and wind field on a typical summer day of Dalian and
compared with the data of weather station and the in situ observation, thus providing a train of thought to
understand the characteristics of urban climate and propose the planning strategies.

2. Basic Information of Dalian City
Dalian faces the Yellow Sea on the east and the Bohai Sea on the west, belongs to the cold zone oceanic

monsoon climate. Northerly wind is the dominant wind in winter with average wind speed of 5.0 m/s and south
leaning southwest wind is the dominant wind in summer with average wind speed 4.0m/s(Figure 2). The annual
temperature is ranging from -16.8℃ to 37℃ and annual average temperature is 11.19℃ . Dalian City is
mountainous and the terrain is relatively complex. Its region has the extension segment of Changbai Mountains
and the highest altitude in the western mountain of the main urban area is about 360m and in the eastern
mountain approximately 240m(Figure 3).

Figure 2 Wind Rose Diagram of Dalian City Figure 3 Topographic Maps of Dalian City

Figure 4 Land Use Map of the coarse domain

3. Simulation Conditions Settings
Climate numerical simulation in this study has used the model of WRFV3.6 version. Simulation is to take central

districts of Dalian as the main object and coordinates of simulation center points are N38.923°, E121.647°. It
adopts three nested domains with grid points of coarse domain of 60 x 60 and the grid size 2.7km x 2.7km; grid
points of second domain of 81x 81 and grid size 0.9km x 0.9km; the grid points of inner domain of 105 x 105 and
the grid size 0.3km x 0.3km. The simulation domain is basically covered most of the urban built-up areas, in which
the third domain covers the central areas of Zhongshan district and Xigang District(Figure 4).

The adopted meteorological data is NCEP FNL Operational Global Analysis data on 1-degree by 1-degree grids.
With the standard of typical weather day as reference, we select a high temperature, clear and sunny and south
wind day from July 6, 2013 at 8 a.m. ~ July 7, 2013 at 8 a.m., totaling 25 hours as the time period of simulation.
The physical model used in this study is as follows:

Thompson graupel scheme for microphysics ; Rapid Radiative Transfer Model for longwave radiation; Goddard

http://www.meteo.fr/icuc9/


ICUC9 - 9th International Conference on Urban Climate jointly with 12th Symposium on the Urban Environment

Shortwave scheme for shortwave radiation; Monin-Obukhov (Janjic Eta) Similarity scheme for surface layer
physics; Noah Land-Surface Model for land surface; Mellor-Yamada-Janjic (Eta) Turbulence Kinetic Energy (TKE)
for planetary boundary layer physics.

4. Simulation Results and Data Analysis

4.1 Simulation Results

Temperature field above 2m of the ground results showed that from July, 6 at 8 a.m. to July, 6 at 12 a.m., the
temperature was gradually rising with the highest temperature reaching 30.3℃; at 13 p.m. the temperature began
to drop with the lowest temperature of 22.5℃ at night on July, 7 at 5 a.m. On July, 7 at 6 a.m. the temperature
started to rise and up to 25.2℃ at 8 a.m.

The change process of temperature field during simulation period shows that sea breeze has an obvious cooling
effect on land and the city. Air temperature near southern sea was 5-10℃ lower and the south wind bled the cold
air to city, forming isotherm parallel to the shoreline. The deeper into the land the higher the temperature is. Due to
the cooling effect of sea breeze, temperature near the coastline is about 5℃ lower than that in the central area of
the city. Affected by the south east wind, centers of urban heated island shifted downstream. Located in the
northern part of the main urban area, sea surface air temperature near Dalian Bay was greatly affected by
upstream wind in direction of the city than its surrounding sea surface(Figure 5).

Figure 5 The Innermost Temperature filed(12 a.m. on July, 6 on the left, 20 p.m. On the right)

Figure 6 Temperature Cross Section Variation with Time Figure 7 The Innermost Wind Field at 10 m at 11
a.m. on July, 6

The change process of cross section of temperature field above 2m of the ground displayed that there was a
strong urban heated island effect in the central area of Dalian(Figure 6). Therein, UHI intensity on the daylight on
July, 6 was much stronger with the maximum UHI intensity of 5.6℃, which occurred on July, 6 at 13 p.m. On July,
6, after 15 p.m. UHI intensity dropped significantly and the minimum urban heat island intensity at night was 0.5℃,
which took place on July, 7, at 6 a.m. At night the cooling rate of mountains was faster than urban build-up areas.
For example on July, 6 at 20 p.m. the temperature filed showed that the mountain temperature was 3℃ lower
than that of urban build-up area, which provided a good cold source for the overall urban.
Wind direction during simulation period was south east wind(Figure 7). Wind speed of central area of the city in

the daylight on July, 6 was about 0.5m/s~1.5m/s. The minimum wind speed was 0.5m/s, which occurred at 8 a.m.
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on July, 6. Because wind speed in the daylight on July, 7 was relatively low, correspondingly urban center UHI
intensity was higher. After July, 6 at 15 p.m. wind speed continued to decline while after July 7 at 2 a.m. wind
speed began to strengthen with the maximum of 3.0m/s, happened on July 7, at 8 a.m.

4.2 A Comparison Analysis between Simulation Results and Observation Data

In order to verify the accuracy of simulation results of WRF, we made a comparison analysis between WRF data
and data of meteorological station and filed observation. We made a field observation from July 6, 2013 to July 7,
2013 and carried out an artificial continuous field observation in Zhongshan District of Dalian from 8 a.m. to 18
p.m., recording a group of meteorological parameters every hour. Night observation after 18 p.m. was completed
by instruments placed at the scene. In addition, a weather station was also set up on the roof of architectural
school of Dalian University of Technology(DLUT station) for simultaneous observation (Figure 8).

Table 1 Results of Meteorological Station and Field Observation

Date 2013-07-06～07-07

Temperature(℃) 21.6～30.4
Relative Humidity 66.0%～90.4%

Weather Sunny
Wind Direction SE

Wind Speed（m/s） 0～2.19

Figure 8 In situ Observation in Zhongshan District (left) and Meteorological Station (right) in DLUT

Figure 9 Comparison between Simulation and Observations (Temperature on the left, Wind Speed on the right)

By comparing the simulation results of WRF temperature field with results of field observation and
meteorological station, it can be found that their change trends were basically consistent. The maximum deviation
of temperature field observation and simulation value was 2.2℃ and the minimum was 0.1℃ with average
derivation of 0.9℃(Figure 9). Simulation result of wind speed was fundamentally consistent with observed data of
the field and meteorological station with maximum derivation of 1.0m/s and minimum derivation of 0m/s and
average derivation of 0.3m/s(Figure 9). For cities with this large scale, the accuracy of these simulation results is
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very ideal and it has high credibility to analyze the city temperature field and change rules of wind field.

4. Conclusions
By adopting WRF to simulate the climate of Dalian city, the obtained results were consistent with the observed

results. If using simulation results of WRF to summarize the temperature field of the overall city and change rules
of wind and temperature field, combined with terrain analysis, land use and urban planning and management
policy etc, it can draw the urban climate map and improve strategies to improve urban wind and thermal
environment, mitigate urban heat island effect and air pollution.

During the simulation period, when wind speed is low, the city has strong urban heat island effect with its
intensity amounting to 5.6℃. The center of heat island is located in the northwest of the city, where is the golden
triangle area of Ganjingzi District. Therefore, Dalian urban planning should make full use of resources of sea
breeze in the Yellow Sea to provide clean and cool air to the city in summer, such as plan landscape belt along the
river, construct low density areas etc., regarding them as the ventilation path to guide clean and fresh air of the
sea surface into the interior of the city and help to relieve the heat island effect and atmospheric pollution.

The mountain has a good effect on alleviating urban heat island. Because the mountain greening is relatively
good and temperature will drop with the increasing of altitude, a certain height of the mountain will form the
accumulation zone of cold air mass, providing mountain and valley breeze and cold air for the surroundings.
Urban planning should protect and utilize it by combining the mountain with green belts and parks, which is helpful
to separate urban heat island and avoid its spread and extension, and has a great role in improving urban
environment.
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