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This paper reports the effects caused by anthropogenic heat (AH), anthropogenic vapor (AV) and
urban canopy model (UCM) on air temperature, wind velocity, mixing vapor and mixed layer height
using WRF in August, 2006 at Kanto. Three runs were performed. Run 1 includes AH, AV and
UCM. Run 2 includes AH and AV. Run 3 is the WRF original settings. Run 1 can rise monthly
average air temperature by 0.75  in Tokyo in comparison to Run 3. Under the same circumstances,
Run 2 can rise monthly average air temperature by 0.36  in comparison to Run 3. Combining AH
and AV originates anthropogenic energy (AE). AE and UCM increase mixed layer height, which can
reach more than 3 km in Run 1. The enhanced drag of UCM also plays an important role to retard

sea breeze penetration into Kanto Region.
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1. INTRODUCTION

Notable researches on urban meteorology have
shown that urbanization dters severa atmospheric and
surface processes”, which leads to inadvertent dimatic
changes.

With the advent of computers and its betterment?,
severd numerica mesoscae weather modd's have been
devised. Numericd modes can be tuned up mainly by
anthropogenic heat (AH) and urban canopy mode
(UCM) which are expected to improve the bottom layer
parameterization. Regarding AH, a pioneer attempt
conddered it as combustion fud into a mesoscae
mode?. The progress of computers alowed the use of
more detailed AH data and more accurate results. The
following effects can be dtributed to AH: (1) causes
Urban Heat Idand”; (2) can surpass shortwave radiation
input in winter, when a mesh registered 1590 Wm?2 ?;
(3 intensfies cloud formation®; (4) incresses ar
temperatures especialy a night”, assuming amajor role
a this period®; (5) can augment daily average air
temperatureby 1 in Tokyo?'?; and (6) increases

mixing layers height over urban regions™.

UCM improves the bottom layer parameterization
and the reproduction of nocturnd urban patterns™
without excessve computationd load. Therefore,
notable UCMs using resstance network andogy were
deviced91),

However, anthropogenic vapor (AV) has not
achieved the same acknowledgement of AH and UCM,
which mativated this report to incorporate and assess its
effects on mesoscale climate.

The scope of this report is to investigate the impact
of AH and AV, which coupled become anthropogenic
energy (AE) and UCM on urban atmosphere by using
the Weether Research and Forecasting (WRF) modeling
system during summer in August of 2006 a Kanto.
Three points were chosen as references Tokyo,
Y okohamaand Chiba

2. METHODOLOGY

The smulations were done with 2 nesting. The

- 283 -



broader domain (parent domain) covers both axes of 400
km in ess-west and south-north directions, as can be
seen in Fig. 1. It covers centrd Japan, which may be
affected by large seabreeze circulations®. Meanwhile,
the smdler domain (child) covers both axes of 100 km
in east-west and south-north directions, Fig. 1 with a
finer definition.

The specifications of WRF numerica experiments
used in thisreport are summarized in Table 1.

In this study, three runs were peformed: Run 1,
Run 2 and Run 3. Run 1 incorporates AE and UCM,;
Run 2 consdersonly AE: and Run 3 is the WRF defaullt
(Table?2).

AH and AV were defined based on Geographic
Information Sysgem (GIS) rdleased by the Tokyo
Metropalitan Government (TMG) and Japan Digtrict of
Heating and Cooling Associgtion (JDHCA). An
edimative of energy was obtaned by means of

combining TMG' s setidtical dataof buildingsfloor area,
and energy consumption datistics of JDHCA (Check
Moriwaki et &., 2008 for more details)*”. Both AH and
AV, which form AE, have been incorporated in Runs 1
and 2 and ther rdease height is in the middle of the
lowest vertical pressure levd. AH reaches 260 W/nY,
which can not be neglected, while the effect of AV,
dthough exigts issmdl (Fig. 2).

AH vaues by location in Augusgt, 2006 are depicted
inFig. 3.

Land use parameterization isdepicted on Table 3.

Although an entire monthly smulation was run,
days characterized by ranfdl events were discarded.
This criterion has 2 conditions: (1) daily rainfdl quantity
superior to 5 mm and (2) when rainfal occurred for
more than 4 hours in a row. It was done by checking
Japan Meteorologica Agency (JMA) dite.

Table 1 Description of WRF settings
Domain Parent grid lattice 80x80x50 Gridcdl sze 5km
Child grid lattice 1.25km
Physcs sttings
Microphysics Cowry SingleMoment 3-classscheme
Longwaveradiation RRTM scheme
Shortwave radiation Dudhiascheme
Surfacelayer MM5 similarity
Land surface Noeh Land surface scheme
PBL scheme Méllor-Y amadascheme
Cumulus parameterization Kain Fritsch scheme
Table 2 Description of Smulation conditions
Run Anthropogenic vapor (AV) Anthropogenic heet (AH) Urban canopy modd (UCM)
1 On On On
2 On On Off
3 Off Off Off
Table 3 Land use parameterization and UCM parameterization
Landuse Albedo (%) Moigure availability Emissvity Roughnesslength Thermd inertia
(%) (%0 9 um) (cm) (cd.cm?kts??)
Urban and built-up land 15 10 838 80 0.03
Dryland crop and pagture 17 30 935 15 0.04
Irrigated cropland pasture 18 50 9.5 10 004
Mixed forest 13 30 97 50 0.04
Weter 8 100 93 0.01 0.06
Barren 25 2 0 1 0.02
UCM Parameterization
ZR(m) Z0C(m) ZOHC (m) ZDC ALBR ALBB ALBG SVF
75 0.75 0.75 15 0.10 0.10 0.10 0.56

R=Building Height; ZOC=Roughness length above canyon for momentum; ZOHC=Roughness length above canyon for heat; ZDC=Zero plane displacement height;
ALBR=Surface dbedo of roof; ALBB=Surface dbedo of building wall; ALBG=Surface dbedo of road;, SVF=Sky view factor
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3.ENSEMBLE AVERAGE

Ensemble average data was done for dl days in
Augus, 2006 excluding rainfal events defined in section
2. WRF output for air temperature and mixing ratio are
given a a height of 2 m, whilgt for wind velocity the
height is 10m. SDP of Tokyo, Yokohama and Chiba
were ds0 congdered and the height of measurement of
ar temperature and mixing ratio is 1.5 m at eech ste.
The datigtica results can be seen a Fig. 4 and Table 4.
An equation to convert the data for a reference height
was discarded since the WRF output and SDP data does
not differ significantly.

(1) Air Temperature

All cases reproduce diurnd variation of SDP
properly. It should be noted that WRF modd has been
origindly well cdibrated; therefore it shows good
accuracy evenin Run 3 (Fig. 4).

The overd| temperature bias of Run 2 and Run 3 is
036 in Tokyo. A comparison between Run 1 and
Run 3 shows greeter differences and records 0.75  in
Tokyo (Table4).

Hourly estimative of anthropogenic

heat in August
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Fig.3 Anthropogenic heat vauesfor Tokyo, Y okohamaand Chiba

In the first two hours after sunset (19:00 until 21:00),
both Run 2 and Run 1 increase their differencesto Run 3.
The difference of Run 2 and Run 3 reaches 0.5 in
Tokyo. The difference of Run 1 and Run 3 is dretched
t00.85 , but aprominent peek of 0.93  isrecorded at
20:00in Tokyo. It can be explained by 2 reasons:

(1) Without solar radiation, AE vaues are Hill high in
this period (Fig. 3) and the difference of Run 2 and
Run 3isincreased

(2) The hest cumulated & UCM s released into the
domain, which increases the difference of Run 1
and Run 3in this period

(2) Wind fidd
WRF predictions can wdl reproduce diurnd

vaiation. Run 2 presents the highest average vaues,

followed by Run 1 and Run 3 (Fig. 4). It can be
explained by the following reasons:

(1) AE provides extra heat, which enhances ar
temperature and decreases air pressure. It cregtes
some aress of higher gradient pressure, therefore
wind velocity is enhanced in Run 2 compared to
Run3

(2) UCM generates extra drag compared to other runs,
which dows down wind velocity a Run 1. As a
result, it hasthe lowest vaues

(3) Mixing Ratio

WRF could not properly reproduce diurnd variation
(Fig. 4). Run 3 presents the highest average vaues,
followed by Run 2 and Run 1. The extra heat existent in
Run 1 and Run 2 enhances verticd circulation which
will be discussed in mesoscae andysis section.
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Table4 Ensamble resultsfor August of 2006 and root-mean squared difference (RMSD)

AUGUST MEAN AIR TEMPERATURE () AND RMSD

Ste Run1 Run 2 Run3 SDP RMSD Run1 RMSD Run2 RMSD Run 3

Tokyo 28.70 2831 27.95 2823 0.86 051 0.66

Y okohama. 28.27 27.98 2773 2742 0.87 059 0.64

Chiba 2757 27.38 2721 2751 0.39 023 0.38
AUGUST MEAN WIND VELOCITY (m/s) AND RMSD

Tokyo 2.77 344 3.01 272 055 1.02 071

Y okohama 2.75 344 322 2.62 0.20 0.85 0.63

Chiba 246 318 304 315 0.74 031 0.28
AUGUST MEAN MIXING RATIO (g/kg) AND RMSD

Tokyo 16.16 16.68 16.81 16.16 0.25 057 0.71

Y okohama 16.69 16.96 17.08 16.56 0.56 0.64 052

Chiba 16.33 16.57 16.66 17.03 0.77 0.56 050

HOURLY ENSEMBLE AVERAGE DATA OF WRF AUGUST 2006 PREDICTIONS AND SDP
VALUESFOR AIR TEMPERATURE (), MIXING RATIO (g/kg) AND WINDVELOCITY (m/s)
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Fig.4 Ensemble average of air temperature, mixing ratio and wind velocity for Tokyo, Y okohamaand Chiba

4. MESOSCALE ANALYSIS

The andysis focus on results obtained at August 4"
of 2006 a 16:00 in Kanto. This day presented the
highes solar radiaion input. The results of ar
temperature, mixed layer height and wind fidd for
different runscan be seen a Fig. 5.

(1) Air Temperature

At 16:00, remarkable air temperature differences
between Run 1 and Run 3 appear, egpecidly a
northwest of Kanto. Meanwhile, the air temperature
difference of Run 2 and Run 3 isless evident (Fig. 5). It
occurs by two reasons. First, AE in Run 2 dightly
increases ar temperature in Kanto, compared to Run 3.
Second, the presence of UCM in Run 1 trgps incoming
shortwave radiation throughout the day, and added by
AE, it resultsin broad aress of heet (Fig. 5).
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Fig.5 Air temperature (upper row), mixed layer height (Iower row) and wind field in Kanto region, Aug. 4™ of 2006, at 16:00

In addition to that, Tokyo Bay plays a mgor role
affecting air temperature and wind fidd smultaneoudy.
Its shgpe and the low drag of weater surface boosts sea
breeze and drives it to northeast of Kanto. So forth, sea
breeze advection is enhanced and is very effective to
cool down the northeast area of Kanto indl runs.

(2 Windfidd

Run 1 shows a significant difference of sea breeze
penetration in comparison with Run 3. Sea breeze
penetration in Run 2 isdightly hampered compared with
Run 3. It can be explained by AE and UCM.

AE dightly boosgts horizontd wind in Kanto,
however the sea breeze penetration in Run 2 does not
differ so much from Run 3.

UCM in Run 1, by means of drag effects strongly
retards sea breeze penetration in Run 1 (Fig. 5). In
addition to that, the warmer aress of Run 1 show
changes of wind direction in comparison with other runs
and wind velocity is dowed down.

(3) Mixed Layer Height
A glance a Fig. 5 showsagenerd trend for dl runs.

Mixed layer heights topping more than 2 km are found
a northwest of Kanto while a northeast mixed layer
height does not develop in the same extent. It is
explained by Tokyo Bay, which boosts and drives sea
breeze to northeast of Kanto, cooling down the area and
preventing the formation of mixed layer heights as high
asin northwest of Kanto.

At northwest, Run 1 presents broad areas of mixed
layer height of 3 km, and some pegks of 3.3 km. Run 2
has mixed layer heightslower than Run 1. Run 3 hasthe
lowest mixed layer heights. The podtion of aress of
higher mixed layer heightsat Run 1 (in orangein Fig. 5)
is closer to the ocean, while for Runs 2 and 3 these areas
are located further in land. It means UCM in Run 1
greatly enhances the vertica circulation and dragticaly
retards sea breeze penetration, while AE exerts a dight
influence.

Therefore, water vapor molecules close to the
ground leve do not differ so muchin Run 2 and Run 3,
while Run 1 dlearly presents the lowest vaues of mixing
ratio. The higher is the mixed layer height at a location,
the lower isthe mixing ratio close to the ground. AE and
UCM trigger a mechanism enhancing vertica

- 287 -



circulation, which uplifts water molecules to higher
heights. Close to ground level mixing raio vaues are
lower, expecidly for Run 1.

5. CONCLUSIONS

The impact of anthropogenic energy (AE), whichis
the sum of anthropogenic heat (AH) and anthropogenic
vapor (AV), coupled to UCM on urban amosphere was
investigated by using numerical modeing system WRF.

In this Sudy, the following remarkable points were
obtained:

(1) WRF runs can well reproduce diurnd variation of
air temperature and wind velocity.

(2) WRF runs were not able to wel reproduce diurna
variation of mixing ratio.

(3) AEin Run 2 can rise August monthly ensemble air
temperatureby 0.36  in Tokyo.

(4 AE and UCM in Run 1 can rise August monthly
ensambleair temperaiureby 0.75  in Tokyo

(5) Tokyo Bay plays a centra role by means of driving
and boodting sea breeze, which cools down the
northeast area of Kanto and inhibits mixing layer
height ashigh asin northwest.

(6) Both Run 1 and Run 2 enhance mixed layer height
formation. It increases ar temperature, augments
buoyancy, and enhances verticd circulaion system,
therefore uplifting water moleculesto higher heights,
especidly in Run 1 dueto the higher drag.

(7) Sea breeze interacts with mixed layer height,
enhancing vertica circulation height in the front a
northwest of Kanto. In Run 1, seabreeze is drongly
retarded and advection effects are grestly decreased.
It isone of the reasons of why mixing ratio values at
2marelower in Run 1 than Run 3.
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