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1. Background & Purpose

mBackground of this research

M . . . . . . —][—‘ “
Building energy simulatiors conducted to design energy-saving =
building usingweather data

There are some problems

- Climate changsuch as Global Warming is in progress
- Weather Conditions effect building performa

_— _ ~ heatisland
Buildings are used for several decades where thiai® change is proceeding

and the changing weather effect building energykitron

D 4

We needfuture weather data for building energy simulation
to design low-energy buildings adopting to futureclimatic conditions
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1. Background & Purpose
mPurpose of This Study

- Making thefuture weather data for building energy simulations

What is the future weather data for building energysimulation ?

- The hourly one-year data set of each weather coemsgrsuch as
temperature, humidity, solar radiation, wind velp@hd wind direction, etc.

- The weather data must represlocal weather conditiol

- The future weather data negldnate change information
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Fig. Temperature temporal changes in August
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2. Methodology of Dynamical Downscaling

We apply two climate models to make future weathedata

for building energy simulation OJ/ /D
=Global Climate Model (GCM) \\ T

The analysis region of GCMstise whole earth global scale climate

Feature: Predicting global scale (hundreds km) climate such as global warming
Problems: Grid scale is too course to predict the mesoscale (a fewlkngte

Building energy simulation requirimore spatial detailed weather informat

O i S
-Reglonal Climate Model (RCM) AN e
 The analysis region of RCMsfigxible E T ) Dimmg
Feature : Predincting local weather (a few km) mesoscale meteorology

Problems. RCM can't predict global scale climate by itself becausesifiction of
its analysis region. This model need initial and boundary conditions.

We use these two climate models to make the futuveeather data
which have locality and global climate change infanation
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2. Methodology of Dynamical Downscaling
sFlow of making future weather data

Future weather data predicted by GCM

Model for Interdisciplinary Research On Climali¢lROC4h)

Presented by Kimoto lab.(Atmosphere and Ocean Raséastitute, The Tokyo Univ.)
RCP4.5, which was adopted by IPCC the 5th Repsused (Medium-low scenario)

Input the GCM data as initial and boundary condition for RCM

- RCM can derive the local weather information from GCM
. (This process is called Dynamical Downscaling)

I Weather Research and Forecasting ModeRK)

P Dynamical Downscalingthe GCM data with RCM

e -

The Future Weather Data
S SRR AL - climate change information

e heemmsssAmsasseeacmaameeeaes ° local climate phenomena

wamparnturalG]
[
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Purpose of This Presentation

@®Suggesting the new method of making future weath&afor building energy simulation

To Confirm the Following

@How accuratelfthe current weather data obtained based MIROCHmegaoduce
the current climate conditions

@ The reproducibility of the climate chanof the downscaled weather ¢

Making a prototype of future weather data

@Trying tomake a prototype of future weather data

®by conducting building energy simulation using pinetotype, wesstimate the impact
of climate change on building energy consumption
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2. Analysis Conditions of Dynamical Downscaling

sAnalysis Region
The biggest domain covers whole Japan, and the taaat is Tokyo

Daomaint iy ---/ '> : ___.;"-’ Domain3 /'j |
- - == = rll
8 )
= ¥
\\.__ Domain2 _I-'I /" /
J="p3
A L@ Tokyo — —__| .
retll r— longitude35.69 —
W oY : latitude139.76 g

—5—
of o A i A
S &} yd
_( & O

- Smallest horizontal gird scale is 2km
- Vertical gird is 35 divided from surface to the 5@h

mTime Period

- Current 2001~2010
- Future 2026~2035

Target Season is August and January




9 International Conference on Urban Climate jointighwi 2" Symposium on the Urban Environment

OUTLINE

3. Results of Dynamical Downscaling
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3. Results of Dynamical Downscaling
mReproducibility of Current Climate Conditions
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temperature[*C] water vapor pressure[hPa]
a) temperature b) water vapor pressure

Fig. Frequency of temperature and water vapor pressure in August 2001+-Z0k0a
( Observation Simulation(MIROC4h+WRBE)
The frequency of each weather temperature and waterapor pressure have good
agreement with observation
However, the climate model output have systematicrer, called bias

In August,
The temperature differences (at 2m) betwgdROC+WRFandOBSwere 0.54C
The water vapor pressure differences (at 2m) betwBBIOC+WRFandOBSwere 1.19hPa ¢
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3. Results of Dynamical Downscaling MIROC4h

mReproducibility of Current Climate Conditions
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b) atmospheric radiation
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c) wind velocity d) wind direction

Fig. Frequency of each weather component in August 2001-2010 at Tokyo
( Observation Simulation(MIROC4h+WRBE)

We can get all weather components needed for builtly energy simulation
by dynamical downscaling GCM

10
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3. Results of Dynamical Downscaling MIROC4h

mFuture simulation in summer 2026-2035
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a) Temperature at 2m b) water vapor pressure at 2m

Fig. Frequency of weather components in August 2026-2035 at Tokyo
( Current Simulation(2001-2010}uture Simulation(2026-2035%)

In August,

Temperature increases by I°from current to future
Water vapor pressure increases by 1.81hPa from current to future

Future weather data by this method represent climad change 1
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3. Results of Dynamical Downscaling MIROC4h

mFuture simulation in summer 2026-2035

Table. Monthly average for the 10-year mean of eaghther component in Tokyo in August and January
(Horizontal solar radiation and atmospheric radiataire monthly mean sun integrated value)

Temperature[°C] Water vapor Horizontal solar Atmospheric Wind velocity
pressure [hPa] radiation [MJ/m?] radiation [MJ/m ?] [m/s]

OBS (Aug) 27.5 25.1 15.5 - 3.13
CASE1(Aug) 28.1 (0.54) 23.9 (-1.19) 19.5 (3.96) 35.8 3.72 (0.60)
CASE2 (Aug) 29.2 (+1.11) 25.7 (+1.81) 19.5 (-0.05) 36.6 (+0.94) 63#0.03)
OBS (Jan 6.2€ 4.38 9.31 - 3.2¢
CASEL1 (Jan) 8.10 (1.84) 4.69 (0.37) 10.6 (1.32) 22.4 3.90 (0.62)
CASE2 (Jan) 8.70 (+0.60) 4.89 (+0.20) 10.6 (-0.02) 22.6 (+0.17) 93-D.11)

( Observation(2001-2010urrent Simulation(2001-2010future Simulation(2026-203%)

The range of bias and climate change differ depenag on months

Regarding bias,
the temperature differences (at 2m) were W4 August and 1.8€ in January.

Regarding climate change from current to future,
temperature increase by 1°Cin August and 0.6 in January. 12
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4. Constructing Prototype of Future Weather Data

sClimate Model Bias
As we showed, weather model output include biaalse of some reasons

@ the course of grid resolution
@ inaccuracy of parameterization
@ inaccuracy of land use data etc....

v A bias modification is needed to directly use thmate model output
for building energy simulation

mBias Modification

Using 10-year average and standard deviation of the current simulatiobsarstation, following
modification is adapted to the model output of temperature, humidigy, remliation

v  ; Oobs v
XC,II]ﬂdi - Xﬂbs + o, (XC — XC) (1) Xc.n]gdi :Modified weather data
- . Tobe _ X :Model output
Xf’“mdi - Xﬂhs T (Xf B XC) T Oc ('Xf B Xf) ) Xobs :Average of observation data

_— X | S
After modification, the average and standard dewiedf ., Average of output data

the current weather data accord with that of ols@am o, ‘rattio of standard deviation
13
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4. Constructing Prototype of Future Weather Data

mThe results of Bias modification
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Fig. Frequency of weather components in August 2001-2010 at Tokyo
( Observation MIROC4h+WRF (raw output)Bias Modification (bias-corrected output)

Before bias modificatiorthe frequency of water vapor pressdom’t agree witlobservatiorwell
However, after bias modificatiothe resultshow more agreement with thataifservation

We use this bias corrected data as the weather datar building energy simulation
14
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OUTLINE

5. Building Energy Simulation for Near-Future Data

15
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5. Building Energy Simulation for Near-Future Data

mAnalysis Conditions of Energy Simulation

Building Energy Simulation Software:TRNSYS17
Input Weather Data: Current(2001-2010) and Future(2026-2035) Weather Data ih &ugydanuary
(temperature, relative humidity, solar radiation)
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WFig. Target model house (at Tokyo)
(A two-story detached house, which floor spacE2@n?, where

a four person family live)
The rooms for Air conditioning is LDK, bedroom, and child rooms

Air conditioning settingTemp.27C, Relative Humid. 60% in Aud Temp.20C in Jan 16
Air change rate is 0.5/h for all rooms

Table. Thermal Property of the model

Component Heat transmission coefficient
[W/m2K]

External wall  0.385

Roof 0.294

Window 5.7z

Component Solar absorptance [-]
External wall 0.8

Roof 0.8

Window 0.875 (Solar heat gain coefficient)

Component Convective heat transfer coefficient
[W/m2K]

All 3.05 (indoor), 17.7 (outdoor)
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5. Building Energy Simulation for Near-Future Data

mEstimation of the Impact of Climate Change on the Mnthly Heat Load

Table. Monthly heat load at all rooms in August and January for thget@r mean

Input Weather Data

WD_Aug (2001-2010)
WD_Aug (2026-2035)

Input Weather Data
WD_Jan (2001-2010)
WD_Jan (2026-2035)

a) Summer
Sensible Heat Load Latent Heat Load Total Heat Load
[MJ/month] [MJ/month] [MJ/month]
2.55<10° 6.87x10? 3.23x10°
2.88x10° (113%) 8.1&1(% (119%) 3.7&10° (114%)
b) Wintel
Sensible Heat Load [MJ/month]

1.25¢103
1.14x10° (91%)

In August, sensible heat load increases by 13%, latent heat loadsasrby 19%,
and total heat load (sensible and latent heat load) increases by 14%

In January, sensible heat load decreases by 9%

The sum of the total heat load in August and Januarincreases 8%
from current to future simulations.
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5. Building Energy Simulation for Near-Future Data

sEstimation of the Impact of Climate Change on Maxinum Heat Load
Table. Maximum heat load in August and January for 10 years

a) Summer
Input Weather Data Sensible Heat Load [kW] Latent HeatLoad [kKW] Total Heat Load [KW]
WD_Aug (2001-2010) 3.35 1.12 3.79
WD_Aug (2026-2035) 3.42 (102%) 1.24 (109%) 4.14 (102%)
b) Winter
Input Weather Data Sensible Heat Load [kW]

WD_Jan (200:-2010 2.61

WD_Jan (2026-2035) 2.46 (94%)
(The maximum heat loads is defined as the topm&8b @mong the heat loads for 10 years)

In August,
maximum sensible heat load increases by 2%, and maximum latefddeeatcreases by 9%

In January,
maximum sensible heat load decreases by 6%

In August, the impact of climate change on the maraum heat load (2%1) is

smaller than that of the mean monthly heat load (1% 1).
The future weather data by dynamical downscaling miaod hold the future

weather disturbance predicted by GCM
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Summary and Challenges for the Future

Summary
- Suggesting a new method of making future weathtr lo\adynamical downscaling

- Confirming the GCM and RCM bias through dynamiaalvdscaling
- Bias corrected weather data show good agreememblygervation

- Using the weather data made by suggested methoestmeated the impact
of climate change on building energy simulati
The impact of climate change on maximum heat 1@44) (s smaller than that of
monthly heat load(14%).

Challenges for the future

- By using some GCM results, enhancing the predi@dmuracy and suggesting the
prediction range

- Attempting to create future weather data consideurban change,
which effect on energy consumption.

19
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2. Analysis Conditions of Dynamical Downscaling
s|nitial and Boundary Conditions

MIROC4h

Temperature, Humidity, Wind velocity and direction, Geopotential h€&itdurly)
Sea surface pressure and Sea surface temperature(24hourly) = ===
Scenario

- RCPA4.5, which was adopted by IPCC the 5th Re o [

900 r

(Medium-low scenario)

800 r

700

Model Descriptions
- MIROC4h is composed 5 components cods, |

(Atmosphere, Land, River, Sea, Ice)
- Horizontal resolution of atmosphere model is 60km

400 RCP3-PD/2.64

300

- The number of the vertical grids is 56

and the top level is 40km Concentration of COin the atmosphere
20



3. Analysis Conditions of Dynamical Downscaling 21

mPhysics Scheme

downward
SW, LW

loud detrainment
@aicrophysics 4% @ Cumulus
cloud
non
sffects convective rain convective rain
gnadiation @ PBL
5

emission/ fluxes

surface

SH, LH

surface
(®) Surtace 7, Qu, wind
f—

mRegion of the analysis

@ Cumulus parameterization (1,2Dom.)Kain-Fritsch, (3,4Dom.)None
@Microphysics WRF Single-Moment 6-class scheme
®Planetary boundary layer Yonsei University Scheme
@®Longwave radiation RRTM

®Shortwave radiation Dudhia

®Land surface Noah Land Surface Model

mMIROC4h

— - — Data interval Longitude, Latitude 0.5625°
Map projection Lambert conformal conic projection
system Time 6hour
Horizontal grid Domain 1: 38x38 (horizontal scale 54 [km]) Weather Geopotential height 17layers
dimensions Components :
and grid Domain 2: 49x49 (horizontal scale 18 [km])) Temperature 17layersk
spacin e -~
P g Domain 3: 49x49 (horizontal scale 6 [km]) Specific humidity 17layer
Wind velocity 17layers<

Domain 4: 61x52 (horizontal scale 2 [km])

Vertical levels

35 (from surface to the 50 hPa level)

Sea surface pressure | Surface(24h)

Surface temperature Surface(24h)

Time step Domain 1: 180 sec, Domain 2: 60 sec,
Domain 3: 20 sec, Domain 4: 20/3 sec. Sea surface Surface(24h)
Nesting One-way nesting temperature

3%17layer(1000,950,900,850,700,500,400,300,250,200,15
0,100,70,50,30,20,10 Unit[hPa])

m|l and Use data

Domain 1,2,3:
USGS

Domain 4:
National Land Numerical
Information
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3. Results of Dynamical Downscaling

22

mReproducibility of Current Climate Conditions
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Fig. Ten years averaged temperature at 2m daily charfigé\at, Tsukuba and
Kumagayédor current climate conditions (2001-2010)

The largest amount of diurnal temperature range was in Kumagdpaddlby Tsukuba
and Tokyo.

The reproducibility of the regional characteristicsby dynamical downscaling
was confirmed



4. Results of Dynamical Downscaling MIROC4h

mOther weather components results in summer 2026-2035

25
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e) solar radiation
Fig. Frequency of each weather component at Tokyo
( Current Simulation(2001-2010Juture Simulation(2026-203%)

Wind and solar radiation won’t change much from curent to future
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5. Constructing Prototype of Future Weather Data

mStandard Weather Data

There are some kind of Weather data for building energy simulations
Most useful one is the one-year data set which represent thgavezather conditions for several
decades, called standard weather data here

®The methods of making standard weather data
There are some methods of making standard weather data
- Typical Meteorological Year(TMY)

- Expanded AMeDAS Reference Weather Year(EA-RWY)

- SHASE Reference Weather Year(EA-RWY) We use this method in this paper

mSHASE Method
SHASE method is the easy method using average of temperature, jiuamdisolar radiation

@ The monthly weather data which represent the most average wealérons among several
decades is selected for each months

b 4

@Each month weather data is combined to complete one year standdrdrwiata
24



6. Building Energy Simulation Using Future Weather Daa

: : (i) @esweres
mThe results of energy simulation = [FF Y §
Using future standard weather data, k] goq T

. . . . L N el -
we estimate the effect of climate change on energy simulation S
\
3000 1000 ! 7‘
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a) sensible heat load b) latent heat load

Fig. Monthly averaged Daily change of heat load in August at Tokyo

(Current Standard Weather Dafature Standard Weather Data
Sensible heat load increase 26% and latent heat load increaseoh®®ufrent(2010s) to
future(2030s)

Using standard weather data made by our method, weould estimate building
energy load considering climate change 25
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4. Results of Dynamical Downscaling MIROC4h

mReproducibility of Current Climate Conditions (Temperature)

16 —=— OBS(2001-2010)

14
12 1 FNL(2001-2010)
_ R\
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a)temperature

Fig. Frequency of temperature in August 2001-2010 at Tokyo
( Observation Simulation(MIROC4h+WRF) Simulation(FNL+WRF))

The Result®f dynamical downscaling would include both@EM andRCM bias
In the result of temperature,

the results of both simulations show good agreementoklervation
GCM and RCM don’t have bias about temperature in summer simlation

27
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4. Results of Dynamical Downscaling MIROC4h

m\\ater vapor pressure in summer 2001-2010 =3 ]
16 —&— OBS(2001-2010) i
14 /V—o—wr«ee%@eea—ze%ea 2
12 FNL(2001-2010) . \;‘ l ;
10 /A( \,: SV

frequency[%]
(0]

g 14 A"
it

89 1011121314151617181920212223242526272829303132333435363738
b)water vapor pressure

Fig. Frequency of water vapor pressure in August 2001-2010 at Tokyo
( Observation Simulation(MIROC4h+WRF) Simulation(FNL+WRF))

In the result of water vapor pressure,
The Simulation(FNL+WRF)show good agreement wihbservation

On the other hand,
The Simulation(MIROC4h+WRFgdoesn’'t show agreement withbservation

GCM have bias of water vapor pressure in summer sioiation

28
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4. Results of Dynamical Downscaling MIROC4h

mOther weather components results in summer 2001-2010

frequency[%]

30 >
A —=—O0OBS 45 % —=—0BS
2 . |
O— VITROC4n
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c)wind velocity e)solar radiation

Fig. Frequency of each weather components in August 2001-2010 at Tokyo

( Observation Simulation(MIROC4h+WRF) Simulation(FNL+WRF))
In wind velocity simulation, The difference from observation is niagger in
Simulation(MIROC4h+WRHRhan inSimulation(FNL+WRF)
In solar radiation, both dimulation(MIROC4h+WRFand(FNL+WRF) differ from
Observationso RCM have bias.

Each weather components have each bias

29
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4. Results of Dynamical Downscaling MIROC4h

mOther weather components results in summer 2026-2035

25

25
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(6] o
Wind direction freq
wv

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14

c)wind velocity

01030507091113151719212325272931333537

e)solar radiation
Fig. Frequency of each weather components at Tokyo
( Current Simulation(2001-2010Juture Simulation(2026-203%)

Wind and solar radiation won’t change from current to future
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5. Constructing Prototype of Future Standard WeatherData

B The standard weather data selected by SHASE method
by using SHASE method for selecting standard weather data in August

2005 year data is selected for August current(20PA10) standard weather data
2029 year data is selected for August future(202635) standard weather data

29

28
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3 26
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s 25
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g 24
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£ 23
2 —@— Current Standard Weather Data(2005)
22
—&— Future Standard Weather Data(2029)
21 IIIIIIIIIIIIIIIIIIIIIIII
12345678 91011121314 15 16 17 18 19 20 21 22 23 24 12345678 9101112131415161718192021222324
a)temperature b)water vapor pressure

Fig. Daily change of Standard Weather Data
( ObservationCurrent Standard Weather Dafature Standard Weather Data
- Current Standard WeathBata show good agreement withservation

- Future Standard Weather Dagpresent climate change
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OUTLINE

2. Methodology of Dynamical Downscaling
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