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WRF

Kusaka, Hiroyuki)

2021 3 26

• 1997
• 1997 2006
• 2002
• 2002 2004 (NCAR)

WRF
2006

• 2011 2013 IAUC
• 2020 Kusaka et al (2021) Boundary Layer Meteorology, Springer

50 10
• 2021 AMS) The Helmut E. Landsberg Award 2021

• 126 50 70
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• WRF

•

WRF
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WRF
Weather Reesarch and Forecasting Model

NWP
NCAR ARW WRF

NCEP NMM WRF WRF ARW
2000 V1 V4.1

Powers et al (2017, BAMS)

Radar WRF

WRF webpage

Tornado scale
to Continental scaleWu et al. (2019, ACP)

Cece et al. (2021, Nat. Hazards Earth Syst. Sci)

WRF

RadarWRF

WRF
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WRF

160 48,000
1,340 11,700 26,500 2015

WRF
Powers et al (2017, BAMS)

WRF

• OK

• NCAR NCEP

• No.1
• Python GrADS VAPOR AVS
• NCEP FNL, NCEP Reanalysis, NCEP GFS, NCEP GEFS, ERA interim, ERA5, JMA GSM, JRA55

•
• 2
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• WRF
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2009

2009
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3 5
6 6

(Kusaka et al. 2006, SOLA

5th order upwind 3rd order upwind

Kessler (qc, qr)

WSM6 (qc, qr, qi, qs, qg)
Goddard (qc, qr, qi, qs, qg)
SBU Ylin (qc, qr, qi, qs)

WDM6 (Nc, Nr, CCN)
Thompson (Nr, Ni)
Morrison (Nr, Ni, Ns, Ng)
Milblandt Yau (Nc, Nr, Ni, Ns, Ng, Nh)

WRF users webpage
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3 m~

Dudhia
RRTM k

RRTMG
Goddard

CAM CO2

16 11

1D
k

– Local or Non local model
Local closure type

MYJ 2.5 (Mellor Yamada Janic)
BouLac
QNSE
MYNN2
MYNN3
UW

Non local closure type
GFS
YSU

ACM2
TEMF

TKE

ws

Non local

local

Observation
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Chen, Kusaka et al 2011, Int. J. Climatology)
SLUCM
BEP
BEM

UCM

Slab Model (in MM5, WRF, etc)Single-Layer UCM Multi-Layer UCM

Performance of single layer UCM is nearly that of multi layer UCM.
(Kusaka, Kondo, et al. 2001, Bound. Layer Meteor.)

Heat budget terms calculated by the three models

The diurnal variation of the heat budget from the single layer UCM agrees with that from more complicated
multi layer UCM. The sensible heat flux from the slab model has larger during the daytime and smaller at night,
which causes poor reproducibility of nocturnal UHI in the slab model.
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Simulated surface skin temperature at roof and road

WRF/UCM
WRF/Slab

Observation

Single layer UCM represents the observations very well.
The roof is hottest during the daytime, but coolest at night.
The results are due to the difference in short and long
wave radiations and wind speed at the reference height.

WRF with UCM reproduces diurnal variation of the
observed temperature at Tokyo.

WRF/UCM can be an useful model for meso scale
urban weather and climate simulation research.

(Kusaka, Kondo, et al. 2001, Bound. Layer Meteor) (Kusaka, Chen, Tewari, et al. 2012, J. Meteor. Soc. Japan)

CFD

NCAR WRF webpage

Noah LSM
LSM

Noah MP crop
Noah LSM

SSiB
CLM4
P X LSM

LSM
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Tewari et al (2010)

Oke (1987)

WRF

CFD Large eddy (turbulence) is explicitly simulated.

LES
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CFD O(cm 10 m

(k , LES)
WRF

and
O(10 m 10 km

(MY, YSU, LES)

WRF CFD

WRF

24
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WRF

Hurricane WRF HWRF,
Moving nesting 1D

Solar WRF

Climate WRF CLWRF,

Polar WRF

WRF LES

WRF LES NCAR
WRF

Powers et al (2017, BAMS)

Davis et al (2008, MWR)

HWRF

HWRF
Shen et al (2020, AR)

Hurricane Katrina (2005)
reflectivity patterns
at 0000 UTC 29
August (48h forecast)

WRF webpage WRF webpage

= 1.33 km

= 4 km
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WRF

WRF DA

WRF Urban

WRF Hydro
or

WRF Fire

WRF Chem

WRF Hydro webpage

WRF Hydro webpage
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Colorado Flood of 11 15 Sept. 2013
WRF Hydro model output: Accumulated Precipitation (shaded colors), 100m gridded streamflow (points)

WRF Hydro webpage

WRF

Nishi and Kusaka 2019, SOLA

41.1 = 310.8 K (37.7 at 830 hPa level

- 19 -



Urban impacts on the monthly precipitation amount in August during the 8 year period
(2001 2008). All results are the four ensemble climate experiments (i.e., 32 Augusts).
Figures show urbanization causes a robust increases in precipitation amount in Tokyo (and
reduction in the inland areas).

(a) Residential city case (b) High-residential city case (c) Commercial city case

,

NASA webpage

(Kusaka et al. 2014, J. Appl. Meteor. Climatology)

WRF

139 E 140 E 141 E

35 N

36 N

37 N

139 E 140 E 141 E

35 N

36 N

37 N

139 E 140 E 141 E

35 N

36 N

37 N

Results of T test of statistical significance for urban impact. Solid square and open circle
indicate the significance level with 99% and 95%, respectively.

(a) Residential city case (b) High-residential city case (c) Commercial city case NASA webpage

(Kusaka et al. 2014, J. Appl. Meteor. Climatology)
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Urban impacts on precipitation intensity.
Urban impact is shown as an increasing rate
for each precipitation intensity. (Kusaka et al. 2014, J. Appl. Meteor. Climatology)

Horizontal moisture flux anomaly (urbanization impact)

Residential city case High-residential city case Commercial city case

Urbanization Sensible heat flux increase
Reduction of surface pressure in the Tokyo metropolis
Modification of sea breezes (Kusaka et al. 2000, J. Meteor. Soc. Japan)
Anomalous convergence of grid scale horizontal moisture flux

(Kusaka et al. 2014, J. Appl. Meteor. Climatology)
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OBS WRF

Climate in the 2000s (OBS) Climate in the 2000s (WRF)

35Kusaka et al. (2012, JMSJ)

WRF

OBS WRF

Record breaking 2010 (OBS) Climate in the 2070s (WRF)

36Kusaka et al. (2012, JMSJ)
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2000s
2070s

8

Status quo (Current) Compact City Distributed City

Kusaka et al (2016, Climatic Change)
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WRF

WRF WRF

very good!

2018

WRF WRF
2018
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41

Urbanization increases precipitation in Tokyo Urbanization doesn’t change precipitation in Tokyo

(Kusaka et al. 2009, ICUC 7 Yokohama)

NASA webpage
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GCM
“Garbage in, garbage out”

GCM

RCMSuzuki Parker et al (2018 SOLA)

2010s 2050s

Doan and Kusaka (2018, Int. J. Climatology)
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2010

2050
2050

1.2
(RCP4.5)

1.7

0.5

Doan and Kusaka (2018, Int. J. Climatology)

• 3 4
• 10

Cumulus parameterization Cloud resolving (Microphysics only)

10

Gray scale

WRF
tropical setting
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50m 500mdx

500m 500m

Warner (2011, Numerical Weather and Climate Prediction)

WRF

WRF webpage
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7 x
70km

2 x
20km

Wave Energy Loss

OK

8 10

CFL

Warner (2011, Numerical Weather and Climate Prediction)

• WRF

and/or

•

•
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3 5
6 6

(Kusaka et al. 2006, SOLA

5th order upwind 3rd order upwind
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WRF webpage

Single layer urban canopy model (UCM)

Chen, Kusaka et al 2011, Int. J. Climatology)
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Impact of urban canopy model on the
simulated temperature

OBS WRF UCM WRF+UCM

Kusaka et al 2012, J. Meteor. Soc. Japan)

WRF Hydro webpage
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Web
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Google Map 
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1 1

k-  SST k-  RANS 

RANS = 

Large Eddy Simulation (LES) smagorinsky

Direct Eddy Simulation (DES)
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Advance/Emerg

1

Advance/FrontFlow/red
m

1

Advance/Emerg
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ICRP

GUI 

NetCDF Network Common Data Form

NetCDF

Advance/Emerg

WRF The Weather Research and Forecasting

The National Center for Atmospheric Research, NCAR

Advance/Emerg WPS WRF Pre-processing System ARW Advance Research 
WRF
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Advance/Emerg

FLEXPART FLEXible
PARTicle dispersion mode WRF 
FLEXWRF 

FLEXWRF WRF 
NCEP, ECMWF

FLEXPART 
1 

flexRISK

CTBTO

NCEP : National Centers for Environmental Prediction 
ECMWF : European Centre for Medium-Range Weather Forecasts 

GUI Windows
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Yes/No WRF 

2011 03 11

Cs-137 

Cs-137 

14
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15

Katata et al., Atmos. Chem. Phys., 15, 1029-1070 (2015)

Cs-137 

Cs-137 

16

Katata et al., Atmos. Chem. Phys., 15, 1029-1070 (2015)
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17

E140 E150E130

N30

N40

E141 E144E138

N36

N39

18

2011-03-10 00:00 – 2011-04-01 00:00 (UTC)

NCEP-FNL : 1 1

1

10.0 km 10.0 km
2.5 km 2.5 km

240 240
320 320

41

MYNN Mellor-Yamada Nakanishi-Niino Level 2.5

KF Kain-Fritsch

WDM6 WRF Double-Moment Class 6

RRTM Rapid Radiative Transfer Model
Dudhia

200 cm 5 
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19

2011-03-11 18:00 – 2011-04-01 00:00 (UTC)

2011-03-11 20:00 – 2011-04-01 00:00 (UTC)

2.5 km 2.5 km

320 320

37.421 , 141.028 , 20m

Cs-137 , 0.4 m

1.4 1016 Bq

Katata et al. 2015

1 108

, , 

20

Cs-137
( 10km )

Cs-137
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FDNPP-MIP :  Fukushima Daiichi Nuclear Power Plant
– Model Intercomparison Project 

21

2ND FDNPP-MIP
https://ebcrpa.jamstec.go.jp/wordpress/2nd-fdnpp-mip/about/

Cs-137

22

WRF+FLEXPART2ND FDNPP-MIP

FDNPP-MIP
NCEP

https://ebcrpa.jamstec.go.jp/wordpress/2nd-fdnpp-mip/about/
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Cryptomeria Japonica

32 m

1.2 ng

1.05 g/cm2

( )
https://map.ecoris.info/sugihinokihill.html

2019

http://www.fukushihoken.metro.tokyo.jp/allergy/pollen/data/cedar.html
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E140 E145E135

N35

N40

E140E138

N36

N34

26

2019-02-13 00:00 – 2019-05-15 00:00

NCEP-FNL : 1 1

1

6.0 km 6.0 km
1.5 km 1.5 km

180 180
240 240

41

Xeon E5-2650 v4 @ 2.20GHz 12

198 
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27

2019-02-14 00:00 – 2019-05-15 00:00

2019-02-14 00:00 – 2019-05-15 00:00

1.5 km 1.5 km

240 240

30km 30km

32 m, 12ng

1.4 1018 ) 6

(1 107) 6

Xeon E5-2650 v4 @ 2.20GHz 12

21 ( )
https://map.ecoris.info/sugihinokihill.html

A

B

D E

C

F

. . 7717 /m  
(2019)

1 396000 
4 4, 114-149 (1965)

. . /m m              7717 /m 396000 30 km 0.5             ~ 1.4 10
28
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10km

29

A
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D E

C

F

/m2
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1

http://www.fukushihoken.metro.tokyo.jp/allergy/pollen/data/cedar.html

32

/m2

/m2

/m2

/m2

/m2

/m2

A B

D E

C

F
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A

B

D E

C

F

( )
https://map.ecoris.info/sugihinokihill.html
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CaMa-Flood

CaMa-Flood

GUI
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GUI

CaMa-Flood 
Apache License 

CaMa-Flood

2

ECMWF

100 
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IPCC

IPCC 5

HP

IPCC
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25 km
2 km

90 m
30 m
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CaMa-Flood MERIT Hydro 

15 min 25 km

2000/01/01 2001/12/31

Windows PC 50

1 min 2 km

0 m

9 m
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GUI 

OS Windows10

CaMa-Flood 

Namelist

GUI 
QGIS 

CaMa-Flood 

Tiff 

46
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Web
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Web

Web

49

Web

+ WEB

http://websimulation.advancesoft.jp/
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IOT AI

51

mailto:websimulation@advancesoft.jp

WEB
http://www.advancesoft.jp/support/download/28web_simulation.html
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