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Performance of single-layer UCM is nearly that of multi-layer UCM.
(Kusaka, Kondo, et al. 2001, Bound.-Layer Meteor.)
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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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(Kusaka, Kondo, et al. 2001, Bound.-Layer Meteor)
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Simulated surface skin temperature at roof and road

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.

(Kusaka, Chen, Tewari, et al. 2012, J. Meteor. Soc. Japan)
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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.
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WRF-Hydro Hydrometeorological Modeling S Piydrologic Forecasts
System: | s

1. WRF model or user-specified
meteorological data

-

+ . | . | m:"JZ. Column Land
.';.{_ii!lﬁ“h“ }J | .} Surface Models

4, Channel and Reservoir

Routing Models

e N T 3. Lateral Overland and
Subsurface Routing Models

2-way coupling

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)
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(Kusaka et al. 2014, J. Appl. Meteor. Climatology)
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NS0 5 © & 101520 M50 5 6 5 101520 DI 0G0 5 b & 10 15 20 D NASA webpage
(a) Residential city case  (b) High-residential city case (C) Commercial city case
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).

FoarIT="%

(Kusaka et al. 2014, J. Appl. Meteor. Climatology)
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(a) Residential city case () High-residential city case (c) Commercial city case NASA webpage

Results of T-test of statistical significance for urban impact. Solid square and open circle
indicate the significance level with 99% and 95%, respectively.
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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)
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4

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

- - e 37N ! — = N L —-
' | Residential city case |-. | ' | High-residential city case | v | Commercial city case |._ 7
R I e -~ =) -
e T A AN \ N
b 36N — 36N —
r 1
r

Horizontal moisture flux anomaly (urbanization impact)

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
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Climate in the 2000s (OBS)
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Record-breaking 2010 (OBS)
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Kusaka et al. (2012, JMSJ)
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(Kusaka et al. 2009, ICUC-7 Yokohama)
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Urbanization increases precipitation in Tokyo
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Urbanization doesn’t change precipitation in Tokyo
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Doan and Kusaka (2018, Int. J. Climatology)
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Cumulus parameterization Gray-scale Cloud-resolving (Microphysics only)
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Microphysics Parameterization
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Imp_éc't_ of urban éanopy model on the

simulated temperature
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WRF-Hydro Physics Components — Output Variables
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r,-" Column Land Surface Models \
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Output Variables:
Evapotranspiration
Soil moisture/Soil lce
Snowpack/Snowmelt
Runoff

Radiation exchange

[

2- wa

Coupling

Energy Fluxes
Plant water stress

WRF-Hydro webpage
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Terrain Routing Modules \
Overland flow, Subsurface flow

Output Variables:
Stream inflow
Surface water depth
Groundwater depth
Soil moisture
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