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Abstract modifies WRF-Chem to allow for the
updating of land use data sets, and the
method is demonstrated with data from the
MODerate resolution Imaging
Spectroradiometer (MODIS) in the mid-
2000s. The US Geological Survey (USGS)
and NASA's Terra and Aqua satellites'
(MODIS) land-cover maps are used to
analyse land-use data in order to
"simulations of the atmospheric and
chemical fields in these two regions during
the 1990s and investigate the influence of
urbanisation.

Direct, "This research looks at how land use
change affects pollution concentrations in
two rapidly developing areas of China: the
Yangtze River Delta and the Jing-Jin-Ji
(Beijing-Tianjin-Hebei) region, using both
direct and indirect feedbacks. Predictions of
air quality in rapidly developing areas
require more recent land use data. The US
Geological Survey's (USGS) Advanced
Very High Resolution Radiometer
(AVHRR) data from April 1992 to March
1993 at 1 km spatial resolution is used as
the default land use data collection in WRF-
Chem (Loveland et al., 2000). This study
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INTRODUCTION

China's "fast economic growth and population growth need rapid urbanisation (Li et al., 2012).
Built-up area in Beijing grew from 184 square kilometres in 1973 to 1210 square kilometres in
2005. (Mu et al., 2007). Maps of China's two largest cities (Beijing and Shanghai). Between
1992 and 2004, urban land grew more than ten to twentyfold, according to the data. And it's a
common occurrence in most Chinese cities (Chen et al., 2007).

There is also expected to be a rise in urban population of 2.3% each year in emerging nations
(United Nations, 2004). Between 1980 and 2010, China's urban population grew by 45
percentage points, from only 20 percent (Van De Poel et al., 2012). There are more than 20
million inhabitants in this city cluster according to China's sixth national census (2010). Urban
populations™ in emerging areas are expected to reach a total of 4 billion people by 2030.

1/06 | ZHANG JINYUE: PhD. Research Scholar in Engineering, Lincoln University College,
Malaysia.


http://www.ijmras.com/
mailto:yasmin@lincoln.edu.my

A STUDY ON THE EFFECTS OF URBANIZATION IN CHINA: OPTIMIZING WEATHER
RESEARCH AND FORECAST MODELS - CHEMISTRY

LITERATURE REVIEW

As China's "cities grow in size and population, air pollution is becoming a bigger problem. Air
pollution in China has reached crisis levels in the last several years, mostly as a result of
photochemical smog and pervasive haze (Zhao et al., 2013 and Tao et al., 2014). In the Greater
Beijing area, the maximum hourly PM2.5 surpassed 680 g/m3 (Wang et al., 2014). Air
pollution has been linked to a wide range of diseases, according to studies. Carbon monoxide
lowers the transport of oxygen to the body's organs and tissues, according to a study by Buka
et al. (2006). Increases in daily cardiorespiratory mortality and overall mortality have been
linked to increased ambient PM10 levels, according to Bascom et al. (1996). It's also linked to
respiratory diseases and death (Bell et al., 2004). Particulate matter and ozone, on the other
hand, have no health thresholds (Brunekreef et al., 2002).

The link between urbanisation and air quality in China needs to be better understood. Using a
fully linked Weather Research and Forecast Model with a Chemistry Module (WRF-Chem),
we investigate how urbanisation impacts air quality and the model's sensitivity to each
influence. Additionally, this study focuses on three important effects of urbanisation. Albedo
and surface roughness are among the physical characteristics that are affected by land-cover
change, which is analysed in the first study. Human activity also contributes to increased heat
generation. Thirdly, human emissions have a role. Optimal configurations are also advised to
improve model accuracy in" order to better anticipate pollution levels in China and reduce
long-term exposure for human health.

STATEMENT OF THE PROBLEM

China's economic "growth and population expansion are closely linked to urbanisation in the
country. Changes in land usage have an impact on the weather and the chemical composition
of the atmosphere. Using the WRF-Chem model, this research examines how land use change
in the Jing-Jin-Ji (Baijing-Tianjin-Hebei) and Yangtze River Delta (YRD) regions affects
weather and ozone concentrations. USGS and MODIS land cover data sets are used to track
land use change. Using monthly-average models, these two places suggest a maximum
temperature increase of 2.4 and 3.2 degrees Celsius, respectively, due to urbanisation. Wind
speed simulations indicate that YRD and JJJ will have a reduction (average 1.2 m/s) in daytime
wind speeds. Differences in dew point temperatures between JJJ and YRD reveal a dry impact
throughout both locations, with the greatest of -3 °C in JJJ. To put it another way: for daylight,
the PBL rises by 400 to 600 metres, whereas nocturnal rises are less than 100 metres.
Urbanization has resulted in an increase of 20 ppb in daytime 0zone concentrations in JJJ, while
the difference is just approximately 5 ppb in YRD. The mean errors in urban regions were
reduced by 14.2% and 35.6% compared to observations, while the mean errors in suburban
areas were reduced by 5.8% and 10.7% compared to updated land use information. China's
fast" urbanisation necessitates the use of updated land use data in air quality models. Land use
has the potential to have an impact as significant as a 20 percent increase in emissions.

Previous "research have shown that urbanisation has an influence on air quality modelling,
particularly for ozone concentrations.. New York City's urbanisation in the year 2050 modelled
by Cirerolo et al. (2007) boosted episode-average O3 levels by 1 to 5 ppb. According to Wang
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and colleagues, modifying land cover maps from the early 1990s to 2001 mimicked the effects
of urbanisation on two coastal locations in China, including the Yangtze River Delta (YRD).
According to data from March 2010, the average daily and overnight temperature increases for
the region were 0.06 degrees Celsius and 1.14 degrees Celsius, respectively, while surface
ozone levels rose 4.7% at night and 2.9% at daylight. Another research by Jiang et al. (2008)
concluded that in Houston, Texas, urbanisation will lead to an average 2°C rise in near-surface
temperature and a 6.2ppb rise in 0zone concentration by 2050.

Studies like the ones cited above show that land use change and urbanisation may have a major
influence on weather patterns and pollution levels. As a result of land use change, pollution
levels have been evaluated using the WRF-Chem™ fully coupled weather research and forecast
model.

. Objective of the Study

e To "measure the anthropogenic emission impact from urbanization in china™ by using
wrf- chem.

Research Questions

e How the "anthropogenic emission impact from urbanization in china™ by using wrf-
chem?

RESEARCH METHODOLOGY

The "MODIS data collection must be linked to WRF-Chem in order to evaluate the influence
of land cover changes on pollution predictions. WRF-Chem may be easily called from this
mapping of the MODIS data set to the USGS categorization. The United States Geological
Survey (USGS) provides statistics on land cover in 24 different categories. Noah Land Surface
Model has been included into WRF from Version 3.1, which enables for the use of MODIS
land-cover data. According to the International Geosphere—Biosphere Programme (IGBP),
there are 20 classes of land-use and land-cover types in the modified MODIS data, which
includes 11 classes of natural vegetation cover broken down by plant” type, three classes of
tundra, and three classes of developed and mosaic lands. We created a mapping bridge between
the 24-class USGS and the 20-class MODIS land cover data sets in order to update WRF-land
Chem's cover data.

RESEARCH DESIGN

Urbanization was studied using WRF-Chem Version 3.1 for both JJJ and YRD locations.
Three-nested domains were used in the simulations. Figure 2.2 depicts the three layered
domains established in the JJY simulated region. With a grid resolution of 81 kilometres, the
biggest domain included the majority of East Asia, including China, Japan, and parts of
Southeast Asia. The northeastern region of China was the focus of the second domain, which
had a grid resolution of 27 kilometres. With a resolution of 9 kilometres, this domain
encompassed the whole JJY region. It was 81X57, 49X49 and 55X55 horizontal grids,
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respectively. It's similar to how we built YRD, which" was made up of three layered domains
(Figure 2.2). With varied second and finer domain settings, the coarse domain was the same as
the JJJ's biggest. Domain 2 had a 27-kilometer resolution for the east central region of China,
whereas domain 3 was focused on Shanghai and had a 9-kilometer grid spanning the whole
YRD. The "81 X 57, 52 X 49, and 55 X 58 horizontal grid numbers were used. The model top
was set to 10 hPa in all domains, with the default 28 vertical layers. There were eta values of
1.00, 0.993, 0.983 and 0.97 on the lowest 10 complete levels. Physical systems employed in
this work include the Purdue Lin microphysics scheme™ (Lin et al., 1983), the Rapid Radiative
Transfer Model (RRTM) longwave radiation, the Goddard shortwave scheme, the Yonsei
University (YSU) surface layer scheme, and the Noah Land Surface Model (Hong et al., 2006).
(Chenetal., 2001). An urban canopy model (UCM) (Chenet al., 2011) was used for this study's
surface scheme. The chemical mechanism of the Carbon Bond (CBMZ) and MOSAIC with
four sections aerosol bins (Fast et al, 2006) were employed. "Meteorological data from the
National Center for Environmental Protection (NCEP) for every six hours was utilised as the
meteorological beginning and boundary conditions for this study. NASA's Intercontinental
Chemical Transport Experiment Phase B and the newest version of MEGAN (the Model of
Emissions of Gases™ and Aerosols from Nature) were utilised for both anthropogenic and
biogenic emissions, respectively. For the initial chemical state and lateral boundary conditions,
the MOZART-4 (Emmons et al., 2010) model is utilised (Emmons et al., 2010).

DATA ANALYSIS

As of now, there "are two approaches to include AH in the WRF-Chem model. The SLUCM
(Single Layer Urban Canopy Model) urban plan with the AH option is one possibility (Chen
et al., 2011). Two elements are used in this method: a preset diurnal pattern for each grid and
the urban fraction value for each one. The morning and afternoon peaks of this diurnal pattern
are evenly distributed throughout the day (Chen et al., 2011). SLUCM is an acronym for the
Single Layer Urban Canopy Model. The second approach is to use WRF-Chem to enter
anthropogenic emissions that you have created yourself. LUCY"™ (Large scale Urban
Consumption of EnergY Model) (Version 3.1) was our AH emission model for the second
approach. "There are differences in production depending on the season, the day of the week
and the location for this worldwide AH emission model produced by Sue Grimmond at King's
College London UK (Allen et al., 2011). A single afternoon peak value is produced by LUCY
to highlight the significant contribution of office buildings. Recent research have shown that
the diurnal pattern for mega cities formed into a single peak shape because of the minimal
fluctuations in LT (Local Time) 0700 to LT 1800" and the percentages of traffic section (only
about 10% to 15%).

CONCLUSION

For the purposes of this analysis, the "Both the meteorological and chemical impacts of
urbanisation were studied. Changing the land cover data led to an increase in the maximum 2-
m temperature in JJJ and YRD of 3.2 °C and 2.4 °C, respectively. Two areas had reduced wind
speeds throughout the day. For JJJ, the greatest slowing down occurred at night (1 m/s),
whereas the greatest quickening up occurred for YRD during the day (1.2 m/s). Lower dew
points led to drier weather in both urban and rural areas. During the JJJ (rainy seasons) and
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YRD "The biggest variation in dew point during the dry seasons was greater than 3°C and
2.4°C. Daytime PBL height increases were 400 metres (JJJ) and 600 metres (YRD), whereas
nighttime PBL height increases were 120 metres (JJJ) and 110 metres (YRD).

LIMITATIONS OF THE STUDY

It is also "conceivable to look at establishing more comprehensive emissions for particulate
pollutants. According to recent studies, PM2.5 concentrations may be underestimated (also
shown in this thesis). It might be due to a number of variables, including a lack of emission
inventory and chemical mechanisms. We combined CBMZ and MOSAIC in this thesis. The
process for Secondary Organic Aerosol (SOA) imitating™ ozone is not yet fully understood.
Future research might focus on improving and testing it in the Beijing region.
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