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Abstract
Evalualing urbanization is necessary lo make realistic representation of urban influence on local climate as well as fo

improve the living environment in urban area. One month numerical simulation has been conducted using NCAR/PSU
Mesoscale Model (MM5) during August 2003 to reproduce the local urbanized metearological fields in Tokai area. A newly
classified land cover to account for the heterogeneity of the urban area in Nagoya using LANDSAT +ETM satellite images,
a simple modification by including sky view factor and anthropogenic heat are introduced in MM5. Three different loca-
tions have been chosen in urban, suburban and rural area to investigate the land cover effect on near surface tempera-
ture and surface energy fluxes. These simulated data by the modified MMS5 with new land cover is validated through com-
parison with the JMA observation station in urban area. The sensilivity simulations using medified MMS5 prove cansider-
able improvement in the near surface temperature and surface energy fluxes in urban area due to urban parameteriza-
tion In MM5, Large temperalure difference between urban and rural areas has produced the heat island phenomenon al
the center of Nagoya city. Thus modified MM5 shows better interpretation of urbanization effect on local meteorology

because of urban parameterizalion and land cover classification.
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1. General introduction

Urbanization due o its rapid associated changes in land-
use patiern (Oke 1982) is worthy of special aftention,
because the Intergovernmental Panel on Climate Change
(IPCC 2001) report confirms the stronger evidence that
over the lasl 50 years global climate change is consider-
ably attribuled io human activities.

Climate in a particular area is substantially influenced by
urbanizalion, which defines the land cover characteristics
and changes in land-use pattem. Urban surfaces, gener-
ally have lower albedo and higher thermal heat capacity,
contain large amount of heal and are unable lo retain rain
water for evaporafion. The three dimensional sireel
canyons along high-rise buildings trap solar radiation at
day. Vehicles, industries, air-conditioning systems also
produce anihropogenic emissions of heal, water vapor
and pollutants in atmosphere (Kimura and Takahashi
1991), These alteralions influence the absorpfion of solar

tadiation, surface temperature, evaporation rate, storage.

of heat and turbulent wind production and drastically
transform the conditions of the near-surface aimosphere.
Consequently heat island phenomenon becomes an obvi-
ous outcome of climale change in urban area and shows
consistently higher temperatures compared to surround-
Ing rural aréas as illustrated in Figure 1.1. The effect of
heat island is strangest in the cily center where large pop-
ulation densely resides. Change in lemperature profile
along with other meteorological phenomena and high rate
of energy consumplions occur due 1o adverse effect of
urban heat island. Whereas in rural area the presence of
green surfaces and water body keep lower temperature
due to lower thermal heat capacily, presence of moisture
and higher latent heat flux.

The Tokai area is a sub-region of Chubu, Japan along
Pacific Ocean (Figure 1.2) having mixed land-use charac-
teristics with mountains and forests, seaside plain land
with populated commercial, Industrial and residential
areas. Nagoya is the biggest urban center in Tokai area in
respect of population and GDP, which has complex urban
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Figure 1.1; Schemalic of urbanization influence on climate and heal island eﬂecl

characleristics because of dense urban structures, high
traffic flow and highesl energy consumption. Nagoya has
a cenfral core with commercial zone of large spatial
extent beside the Nagoya casile surrounded by mixed
commercial-residential areas. Large residential areas of

xeric and mesic characteristics are encircled by mixed
commercial-residential zone and stretched to the other
side of river. This study has focused on urbanization in
Nagoya city and its influence on local climate.

Mesoscale atmospheric models are increasingly
employed to improve the understanding of processes
related to neighborhood scale climate, urban heat island
phenomena and mesoscale circulations caused by urban-
rural land cover differences. Those processes are strong-
ly influenced by the energy and mementum exchanges
between ihe atmosphere and the underlying surfaces.
Several studies have investigated the sensitivity of

mesoscale models to idealized land cover scenarios, in
parficular the abundance of vegeiation which was shown
to have a significant influence on the simulated near sur-
face temperalures (Taha 1996). This paper is based on
study where a classical mesoscale model is applied to
investigate the urbanization influence on climate of Tokai
area in terms of near surface lemperature and surface
energy fluxes by characterizing the urban and rural land
cover correctly.

1.1 Objectives

The main objective of the study was to investigate the
urbanization effect on local meteorological fields in Tokal

area using mesoscale model MM52. To accomplish this
goal, an urban paramelerization was adopted in MMS to
simulate metecrological figlds in planetary boundary layer
to produce satisfactorv result and when compared with
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Figure 1.2: a) Map of Japan. b} Map of Tokai area,

(Source: hipdiwwwnikkanran.ariplanglishilokal himi)
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observed meteorological database to give an accurale
interpretafion. The USGS 24-category global land cover
data does not represent the actual topography and land
use pattern in Tokai area. That is why, a new classification
of urban land-cover data was done based on high resolu-
lion sateliite images fo represent the complex land-use
paltern in Nagoya. One of the prime objeciives of this
research was o simulate the urban heat island phenom-
ena and measure ils intensity for understanding the
urbanization impact on local climate.

2. Methodology
2.1 PSUINCAR mesoscale model MM5

The Fifth-Generation Penn-State/NCAR mesoscale
model MM5 {Dudhia 1993), the latest in series is a numer-
ical meteorological mode! designed to simulate and pre-
dict mesoscale and regional scale atmospheric circula-
tion, The MM5 model is supperted by several auxiliary
programs i.e. TERRAIN, REGRID, INTERPF and MM5
which are referred lo collectively as the MMS modeling
system. Since MM5 is a regional model, it requires an ini-
tial condition as well as laleral boundary condition to run.
To produce lateral boundary condition for a model run,
one needs gridded dala to cover the entire time period
that the modet is integrated.

2.1.1 Dynamic equations and physics options of
MM5

The basic equations of MM5 are based on equations from
Anthes and Wamer (1978), which include pressure,
momentum, thermodynamics, advection, and divergence
terms. In addition to the dynamic equations that govem
the basic variables, schemes and paramelerizations for
almospheric radiation, planetary boundary layer, mois-
ture, etc are used to quanlify additional grid scale and
sub-grid scale metearological processes.

2.1.2 Land-cover data

A global land usefcover data-base classified according to
the 24-calegory USGS land/cover system is provided with
MM5. USGS global elevation data with the resolulion 30
sec, USGS 25-calegory vegetation data of global cover-
age with the resolution 30 sec for land-use and land-water
mask, were used as input to the TERRAIN program of
MMS modeling system. These data contain values of dif-
ferent surface physical parameters such as albedo, emis-
sivity, moisture availability, roughness length and thermal
inertia during summer and winter seasons.

2.2 Classification of land-cover

In USGS 24-category land-cover/vegetation dataset lhe
extent of the Nagoya city area is not well represented. A
single type of urban land-cover is used in this land-use
dataset to represent the entire complex urban area. To
make & better represeniation of complex urban area of
Nagoya in the input land-cover dataset for the mesoscale
simulation by MMS, a classification system was adopted 1o
classify Landsal fhematic image dala and thus incomporat-
ed into the USGS 24-category land-cover datasel. A super-
vised classification process was implemented here using
simplified maximum |ikelihood method.

A Geo-Cover Landsat ETM+ data with 30m resolution has
been required lo completely cover the Aichi area focusing
Nagoya cily (acquired on December 08, 2000) as the base-
line dataset for generation of an initial land cover classifica-
tion. The study area as shown in Figure 2.1, a subset of
2160x2160 pixels covering same area to the innermost
modeling domain (1km grid resolution) selected for TER-
RAIN program, has been transformed into GeoTIFF format
which comprises of urbanized, undisturbed and agricultur-
al regions. These different types of land-uses have distinct
lexture that can be used as input into classification algo-
rithms. Urban areas typically have significant fexture result-
ing from building and slreet grids.

A freely available software Multispec (EPurdue Research
Foundation) was used in this study to classify the land-
cover datasel. Mullispec is a processing system for inter-
aclively analyzing Earth observational multi-spectral
: .

Figure 2.1: LANDSAT ETM+ image of Nagoya and surround-
ing area acquired on December 08, 2000 acquired from the
Global Land cover facility data cenler.

ilindex.
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Figure 2.2: New 10-category land use/cover data
of Nagoya and surrounding area al 1km resalu-
tion by implementing maximum likelihood classifi-
cation process in Multispec.

image data such as that produced by the Landsat series
of Earth satellites.

Figure 2.2 shows the newly classified land use map of
Nagoya and surrounding area comprising new 10 land-
use classes at 1kmx1km horizontal grid resalution. In the
technique for classifying mullispectral data, the first step
in the analysis is to obiain fraining samples that are rep-
resentative of each class of interest. 10 classes of land-
use type were selected with 100 training fields (gach field
is a selected area of each sample class) in the Landsal
image by using phote interpretation of Google Earlh satel-
lite imaaery.

The maximum likelihood classification process was fol-
lowed with an overall class performance accuracy of 21%
in Multispec. Thus a new 10-category land cover classifi-
cation dataset of 30m resclution was derived from
Landsat ETM+ reflectance data. Then the dataset (30m x
30m pixel size) preduced by Multispec was fransformed
in the dataset of 1 kmx1km pixel size (Figure 2.2 by
rectification with scale factor 0.027.

The newly classified land-use data was incorporated Into
MMS5 by mapping the 10 categories o the subset of 24
categories in USGS dataset found in the study area. Each
M5 30s grid cell was assigned with highest associated
fraction of the land cover class. In addition, two addition-
al urban land use/cover classes were introduced into the
revised land cover ciassification lo give three urban cate-
gories: urban buili-up, urban xeric residential and urban
mesic residential which were distinguished by the fraction
of vegetation, bare soil and mad made surface. The new
urban calegories are assigned indices 23 and 24 replac-
ing bare ground Tundra and Snowflce in the modified
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USGS datasef.

Figure 2.3 shows a newly classified land use map of
Nagoya and surrounding area at 1kmx1km grid resolution
incorporating new 10 categories land use data as shown
in Figure 2.2 and standard 24-category USGS land cover
dataset. Here Nagoya and surrounding areas are repre-
sented as mosaic of different distinct urban zones with
urban built-up, xeric residential and mesic residential
area, The land-class 1 combines the commercial area,
mixed commercial and residential area, industrial area
and asphalticoncrete surfaces, mainly concenirated In
central Nagoya city around Nagoya castle. The Nagoya
sea port and industrial zone along the Pacific Ocean are
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Figure 2.3: Newly modified 24-calegory land-use types com-
bining standard USGS 24-category and Multispec 10-category
land-use types.
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represented as urban buill-up area. The asphalt made
road network and concrete surfaces also constitute the
urban built-up area. Some pixels represent the existence
of vegetation within Nagoya urban area and also few pix-
els as water body. The surrounding sub-urban zone made
of xeric and mesic residenlial area is represented by the
newly added two urban land-use types 23 and 24 respec-
tively. The wide spread presence of xeric and mesic resi-
dential area is shown in the above figure. Irrigated crap-
land, mixed dry land and even the barren land are effec-
tively shown in the newly classified data sel.

2.3 Urban modification in MM5

2.3.1 Parameterization of long wave radiation
balance by adding sky view factor

The sky view factor is the fraction of visible sky from a ref-
erence point on flat horizontal surface without view
obstruction. It is dimensionless parameter ranging from 1
to 0. According to Masson (2000) if width of a road is w
and the building height is h, the sky view factor will be,

Wy = [{h.—’w}“'j + lr.s ~h/w

A typical distance between two houses (including street
and front yard) of 25 m and an average building height of
6m were assumed o determine the sky view factor for a
road. A sky-view factor of 0.85 for the xeric and mesic res-
idential land-use calegories was oblfained by averaging
between sky-view factor of road 0.78 and a sky-view fac-
tor of 1 for roofs which cover about 30% of an urban
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Figure 2.4: a) Typical grid structure of roads and house blocks
in city plan (above left); b) Sky view faclor.

model grid cell's plan area. As the large variation in road
width (30 m to 100 m) and building area complicates the
assignment of a single sky-view factor, ¥,

, we therefore assigned the same value of 0.85 as for the
commercial categories (Clarke 2005).

The sky-view factor was infroduced to the long wave radi-
ation balance of the urban land cover categories in MM5's
slab model (Dudhia 1996} leading to the following equa-
fion:

R, =V¥y&,(L¥-0T,)

{J

Here Liw.m®)

is the incoming long wave radiation from the sky, &y
is he emissivity of the surface, (" -m™-K*)
Is the Stefan-Boltzmann constant and

I, (K} is the ground temperature.

2.3.2 The addition of anthropogenic heat source
term in MRF scheme:

The approach of Sailor and Lu (2004) was adopted here
o caiculate the anthropogenic heat flux, O, (W -m™)

as a funclion of residents and working population densi-
lies. The anthropogenic heat flux from fraffic for each
urban land use class i, @' (h)

for each day, is calculated according lo:

@, ()= p,,(h)-£(h)- DVD, - EV 13600

Where, Ppe(m™)

is the average population density, =~ D¥D,

is the average daily vehicle distance traveled per person,

F, s the hourly fraffic fraction and £V
is the energy release per vehicle per meter of fravel with

values for, DVD, .F-; EV

,as in Sailor & Lu {2004). Division by 3600 leads to a con-
version of the unils of 2,38

from Jort-mt o Wem?

The anthropogenic heal released through electricity con-
sumplion QLW -m™)

was calculated by means of monthly totals of electricity
consumption by the population of Nagova city, which was
obtained from the official website of Nagoya city authority
al hitp://www.city.nagoya.ip. The data were converied in
\he daily per capita consumplion,  E.(J-day™)

and used in the following equation to calculate. Q! _(4)

0., (k)= pL,(h)-F.(h)- £, 13600

Where F
is the average electricity consumption per day adopted
from Sailor and Lu (2004).

The total anthropogenic heat flux €,

for each urban land use/cover class is then given as the
sumof . O, and 0.,

Considering that anthropogenic heat is released directly into
ihe air in the urban canopy, a source term was included in
the goveming equation of the temperature at the first prog-

nosfic level of the MRF scheme as suggested by Taha (99).
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Table 2.1: Physical paramelers of urban land use/cover classes as used in modified MMS,

Parameter Urban Mesic residential | Xeric Source
buili-up residential
Albeda 0.16 0.18 0.18 MOD global albedo dataset
Moisture availability 0.005 0.12 0.02 Hope et al.{2003)
factor
Roughness length 0.3 05 0.5 Grimmond & Qke (1998)
Volumetric heal capacity 3.0 24 27 Liu el al.{2004)
Thermal conductivity 3.24 24 28 Liu et al.{2004)
Sky-view factor 0.85 0.85 0.85 Haope et al.(2003)

2.3.3 Physical parameters of urban land-use

classes.

Some physical parameters characterize the land cover
categories with respect o their influence on the surface
energy budget in MMS5. For the urban land use/cover cal-
egories these physical parameters were adjusted accord-
ing to the Table 2.1 based on the fraction of vegetalion
and manmade surfaces and available data for each land-
use type under the given environmental conditions.

2.4 Dataset for initial, boundary conditions and

verifications.

The gridded meteorological analyses dala as input fo
REGRID is from the Japan Meteorological Agency (JMA)
with 10 km resolution. This AMeDAS gridded regional
analyses data provided the initial and boundary condi-

lions for MM5 mesoscale simulation.
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For the verification of simulated results with observation,
hourly data from Tokai city observation stations (Figure
3.1) was acquired from JMA

(btip:/eww.data kishauw.ge.jpl).

3, Mesoscale simulations of the urban climate
3.1 Design of numerical experiments

The mesoscale model MMS version 3.7 was employed for
one month simulation starting at Universal Standard Time
(UST) from 01 to 30, August, 2003 during summer sea-
son. This time was chosen primarily. because during
August the maximum near surface temperalure prevalis
at Nagoya city according fo the Japan Meteorological
Agency (JMA) observation data.

The focal point of modeling domains was centered at
Nagoya city with 35.1 degree N and 137.0 degree E.
Three computational domains were chosen for nested
simulations with 24 vertical layers as details shown in
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Figure 3.1: a) Modeling domains in MMS, and b) location of Nagoya city centre and observation stations in D3.
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Table 3.1: Computational domains and grid arrangements.

Domain Em]'nain coverage (kmx | Grid number Horizontal Grid Size (km)
m

D1 369 x 369 41x41x24 i 9.0x9.0

D2 165 % 165 B5xB5x24 30x30

D3 61 x61 61 x61x24 10x1.0
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Flgura 3.2: Land-use pattern in D3 (resclution: 1km} with
newly modified 24-category land-cover.
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Figure 3.1 and Table 3.1, The lowest prognostic lsvel was
approximately located at Tm above ground level,

Figure 3.2 shows the land-use pattern of Tokai arsa for
domain D3 as generated by MM5's preprocessor TER-
RAIN for the modified version of 24-category USGS land
uselcover-data. The features of the modified land
usefcover map area are recognizable as the extended
urban built-up area fo the south and the relatively large
mesic residential area to the west. Simulations were car-
ried out with standard and modified land-cover configura-
tions in order to investigate the model sensitivity of the
land-use paltern changes around the urban area.

Table 3.2; Features of three locations in urban area

To investigate the influence of the different land-use/cover
scenarios on the simulated 2m air temperatures and sur-
face energy fluxes, three different grid point localions
(Table 3.2) in the study area were chosen based on their
land-cover characteristics as shown in Figure 3.2, 1) the
urban area, which represents urban built up area (type-1}
in newly modified 24-category land-use types. This urban
lype includes central dense commercial buill-up area,
mixed commercial and residential area, 2) the suburban
area, which represents mesic residential area (lype-23),
and xeric residential areas (type-24) and 3) the rural area,
which is mainly made of grass land and mixed forest
areas (lype-T & 15) with maximum vegetation and some
buill forms around.

3.2 Results and discussions
3.2.1 Temperature at 2m

Figures 3.3 and 3.4 show the time series of diumnal tem-
perature at 2m from 01 to 30 August 2003 in urban, sub-
urban and rural area (localions are shown in Figure 3.2),
simulaled by the standard and modified MM5, respective-
ly. Although the diurnal temperature changes show simi-
lar pattern, there are clear differences of near surface
temperalure among these three localions in both cases.
In the first and third weeks, the standard MM5 simulates
the high temperature environment (30-34°C), whergas
the modified MM35 shows much higher values of temper-
ature (33-38°C). In the middle of month (14 and 15
August 2003), due to high precipitation (45-59 mm) and
high wind speed (5-6m/s), the temperature did not rise

Land-use lype innew 24 - | Lalitude Longitude
category
Urban Type-1 35.14 N 136.91 E
Suburban Type-23 & 24 352TN 136.83 E
Rural Type -T & 15 3514 N 13794 E
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Tirme saries of Temperatore st 2m:01-30 Aug.est 2003

=3
-3

L2l
[

Ba3 Ly a. a A A & 1
E'an‘l 4 H}dﬁ ; ! " ;
TR HH A
LRV W AR A R GRG TOVZA T
I i .
Isau::.;Ls;:aﬁmulzlsuq:isﬂ:3:9m£1x:3:l5$::a:9
J5T fagy) [ — Utban —— Sub-urban —— Rural |

Figure 3.3: Time series of temperature at 2m (01-30 August 2003) by the standard MMS with USGS land-cover data.
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Figure 3.4: Time series of lemperature at 2m (01-30 August 2003) by the modified MMS with newly modified land-cover data.

above 22°C. The results by the medified MMS indicale
consistent Increase of temperature with the standard
MMS.

In Figure 3.5 the temperature of rural area is lower than
that of suburban area and urban area due fo the presence
of vegetation and wet scil conditions with high moisture
availability. The temperature difference between urban
and rural area ranges from 3°C to 6°C during the daytime
as shown in Figure 3.6, indicaling effects of land-cover
conversions and additional anthropogenic heat from traf-
fic and electricity consumption on temperature in urban
area. An average night-fime temperature increase of 2°C
in urban area proves the exislence of the irapped heat
inside building canyons. In rural area, the quick and large
radiative heal transfer from vegetated earth surface
decreases noclumal air lemperature.

Figure 3.7 shows the distribution of mean temperature at
2m height in the smallest domain D3 from 01 lo 07 August
2003 simulated by the modified MMS. In this Figure, the
center of Nagoya city concentrates high temperature
anomalies (3-6°C) through the whole week, which reveals
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the signature of heat island phenomena and the highest
UHI intensity oceurred at 1PM on 03 August 2003, having
a temperature difference of 6°C as shown in Figure 3.6.
According o the above resulls, this UHI phenomena hap-
pened in Nagoya due to the heat storage in the urban
buill up surfaces of higher thermal capacity at mid day
coinciding with maximum solar radiation. However the
night-time temperature difference (1-3°C) is not large
enough to develop severe UH| effect in urban area.

3.2.2 Surface energy fluxes

Figure 3.8 shows the time series of latent heat fluxes in
urban, suburban and rural area, and Figure 3.9 shows the
distribution of mean latent heat fluxes from 01 fo 07 August
2003 simulated by the modified MM5. The simulation
results indicate thal vegetated rural surfaces with more
moisture cantents have moslly higher latent heat fluxes
(up to 440). The urban surfaces are mainly made of
asphalt and concrete with characteristics of quick surface
runoff and little moisture content for evaporation.
Therefore, central Nagoya area shows concentrated lower
latent heat fluxes (up to 30) as illustrated in Figure 3.9.
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Figure 3.5: Time series of simulated temperalure at 2m {01-07 August 2003) by the modified MMS5.
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Figure 3.6: Diurnal temperature differences between urban and rural area (01-07 August 2003) by the modified MMS.

Figures 3.10 and Figure 3.11 show that the sensible heat
fluxes, are considerably higher (up lo 700) in urban area
than that of surrounding suburban and rural area.
Because urban area is covered with concrete and asphalt
surfaces, which have higher volumelric heat capacity
{=3.0), and lower albedo (=0.16). On the other hand, rural
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Figure 3.7: Distribution of mean temperature at 2m (D3:1km)
on 01-07 August 2003 simulated by the modified MM5 with
newly modified land-cover,

surfaces mostly covered with vegelation and forests,
have lower heal capacity with high moisture availability.
The rural surfaces cool atmosphere fasler due to high
latent heat fluxes. The maximum difference of sensible
heal between urban and rural area is 226 on 04 August
2003.

According to the above discussion, a significant change in
the surface energy fluxes is aclualized by land cover
changes. Large manmade land-cover in Nagoya city with
the pressnce of few urban parks and water bodies influ-
enced the surface energy fluxes substantially, The heat
island phenomenon is closely correlated with lower latent
heat fluxes and higher sensible heat fluxes in Nagoya city
center as illustrated in the simulated resuls of Figure 3.8
and 3.11. The urban parameterization of MM5 by modify-
ing heal balance equation has considerable impact on
day time energy fluxes in urban, suburban and rural area.
Thus it is emphasized that the new land-cover classifica-
fion wilh updaied physical parameters of urban land-use
types substantially changed the energy fluxes in urban
area.

35 Protibesh @ BUET



Simulation study of Urbanization Influences on the Climate of Tokai

Figure 3.8: Time series data of latenl heat flux (01-07 August 2003) simulated by the modified MMS.
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Figure 3.9: Distrioution of mean latent heat flux (D3:1km) on
01-07 August 2003 simulated by the modified MMS with newly
modified land-cover.

3.3 Verification of simulation results

Accuracy of MM5 simulations was evaluated by compar-
ing simulated 2m air temperalure, with observation dala
from Japan Melrological Agency {JMA) observation sta-
tions at Tokal city (nitp:/www.data.kishou.oo. o).

Figure 3,12 shows the comparison of time series of
observed and simulated temperature at 2m height by the
standard and modified MM5 at Tokai city observation
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point. By modifying the modei physics and changing the
physical parameters of urban land-use categories (land
use type-1, 23 and 24 in Table 3.2), a significant agree-
ment is found in the modified MMS5 resulis (Figure 3.12) at
daytime when compared with observed temperature al
Tokai city. Comparison of the time series in Figure 3.12
shows the overestimation of night time temperature in
case of modified MM5. This overestimation could be relal-
ed 1o little radiative cooling as model performance tends
fo decrease in the day to night transitional period where
the rale of decrease in observed temperature exceeds
the rate of decrease in simulated temperature. The addi-
tion of sky view factor in long wave radiation balance
increases the heat storage in urban canyons, decreases
the rale of radiative cooling and thus increases night fime
temperalure. The overnighi observational temperature
typically drops below the modeled temperature by as
much as 1°C to 3°C as shown in Figure 3.12.

From the above comparison, it is perceived that the sim-
ulations by the modified MM5 has acceptable agreement
comparing with observation daia al day lime as having
bias error of -0.102 and correlation coefficient of 0.96.

Generally the locations of the JMA observation stations
are outside of the urban neighborhoods, where enough
vegetation and irrigated agriculiural land exist. The
observed datasel is evidently affecled by lhe absence of

Figure 3.10: Time series of sensible heat fiux (01-07 August 2003} simulated by the modified MMS.
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Figure 3.11; Distribution of mean sensible heat flux (D3:1km)
on 01-07 Augusl 2003 simulated by the modified MMS with
newly modified land-cover (above right).

different urban factors such as anthropogenic heat, heat
storage inside buildings, etc. while measuring the surface
air temperatures. Unfortunately atmospheric observation
data in Nagoya downtown area was not available for this
study; therefore we had to use the freely available JMA
data to compare the simulated resulls.

4, Summary and conclusions

The research process in this sludy consists of three paris.
Firstly, & classical mesoscale meteorological model was
modified by including urban factors such as the anthro-
pogenic heating term and sky view factor in the surface
energy budget equation, Secondly, a land use category
map, related to the several imporiant land surface param-
elers, was newly classified based on the high resolution
satellite images. And thirdly, mesoscale simulation of
Magoya city and surroundings was conducted fo evaluate
the impact of urban medification using the newly devel-
oped model.

In order to perform numerical simulations of Tokai area

heal island phenomena, two-way triple nesied domains
were centered at the Nagoya city center with horizontal
resolution 9km/3km/1km. Two-case simulations were per-
formed for one month during the summer in August 2003,
using standard MM5 and urban modified MM5. Model
performance was validated using surface observalion
data from Japan Meteorclogical Agency (JMA). Surface
observations were compared with the closest model grid
point values In 1km model demain. Results of near sur-
face temperature and surface energy fluxes were ana-
lyzed both qualitatively and quantitatively.

Compared with observation data, both models appear
good agreement in case of innermost domain with Tkm
horizontal resolution. In the modified MM5, the 2m air
temperature was better simulated at daytime due to addi-
tion of anthropogenic heat fluxes and madification of the
physical parameters. But the noclumal near surface tem-
perature differs in comparison with observation. Radiation
cooling seems {o be a major factor in nocturnal tempera-
ture errors that are not well simulated by the modified
model. The subgrid scale helerogeneity seems lo be the
major source of error which is refated to improper repre-
sentation, specification and inifialization of surface fea-
tures including soil moisture, land-use and texture as well
as surface energy budgetl. The observation data provided
by JMA is nof located in urban areas to maintain repre-
sentativeness of the data sample. Therefore the observa-
tion data does not always reflect the urban phenomenon
which differs in some cases. Due lo the lack of data for
some important parameters, such as energy consumption
by vehicles and air-conditioning, and building average
height, these values were assumed In reference o other
cities derived from published research papers (Sailor
2004 and Clarke 2005). But the qualitalive performance
was acceptable in terms of comparing temperature and
energy fluxes. In future more abservations are needed
especially within urban area to validate simulated dataset.

The achievement through this study can be summarized
to some specific points as follows:

Figure 3.12: Time series of temperature at 2m on 01-07, August 2003 al Tokal abservation point.
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1) An urban paramelerization is implemented in
mesoscale model MM5 by adding anihro-
pogenic heat flux in the heal balance equation
and sky-view factor in the long wave radiation
balance in simple soil model.

2) Aland usefcover classification for Tokai area is
refined as the newly modified 24-category land-
cover types by Mullispec software using LAND-
SAT + ETM images. The single urban area of
USGS 24-category is classified in urban built up
area, xeric residential area and mesic residen-
tial area.

3) Values of physical parameters land-use types
such as surface albedo, moisture availability,
roughness length and thermal heal capacily are
adjusted in accordance with local urban phe-
nomena.

4) The results simulated by urban modified MMS5,
confirm significant improvement in simulated
diurnal temperalure cycle (average 3.2°C al
daytime and 1.7°C at night) and surface energy
fluxes (sensible heat flux up to 260 W/m* and
lalent heat flux up to 600 W/m? at day ) in urban
area compared 1o the standard MM5. Although
ihe simulated daytime temperatures show good
agreemenl with cbserved temperatures, these
differ slightly in case of night time temperature
(1-3°C), because of improper representation of
urban area in observed dala.

5) Differences of meteorological fields between
urban and rural area suggest the evidence of
heat island existence (maximum UHI intensity
6°C) in Nagova city center. This study also
shows that the land-cover changes which result
in the decrease of the surface albedo and emis-
shvity, will generale urban heal island phenome-
na.

Faced with mounting unfavorable circumstances in urban
area, the rehabilitation and mitigation of adverse urban-
ization effects on climate are essential for architecture
and urban planning engineering. Therefore future work
should involve developing a regional climate map and for-
mulating a design strategy for urban planners and archi-
fects in order to mitigate the urban heat island effect and
create comfortable and energy efficient urban environ-
ment.

End Notes:

1. Mesic and Xeric residential area: Mesic residential
areas are defined by having higher fraciion of vegetation,
imgated agricultural land and bare open spaces (type-
23), whereas xeric residential areas (type 24) have less
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vegetalion and higher buill-up area with irrigated agricul-
tural land and bare open spaces

2, MM5 modeling system: MMS modeling system con-
sists of TERRAIN, REGRID, INTERPF and MMS sub-pro-
grams where terrestrial and isobaric meleorological data
are horizonfally interpolated (programs TERRAIN and
REGRID) from 2 lafilude-longilude mesh lo a variable
high-resolution domain on either a Mercator, Lambert
conformal, or polar stereographic projection. Program
INTERPF performs the vertical interpolation from pres-
sure levels to the sigma coordinate system of MM5.
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