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Types

 Evolution of global patterns of climate — Earth
Systems Models (AOGCMs)

* Models dealing with components of climate
and sub-climate scales

synoptic scale
meso-scale
micro-scale



System and the components

Mouse Moral: Seeing a part makes a fine tale.
Wisdom comes, however, from seeing the whole.

(From Nature, Nov. 2000).
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Earth
Systems
Modeling

(Atmosphere Global Model \
Ocean General
Circulation Models)

F=MA
(Force = Mass x Acceleration)

[ RN LAY

(heating of air produces
change in temperature
and volume)

Gas laws and other
physical ralations



Climate to Local Scales

IPCC -amplification




Meso-scale to sub-urban scales

» Canyons

* Building canopies
(DT, separations)

*Anthropogenic
emissions

» Land use
inhomogeneities

» Tree canopies

SMtnPark

* Roadways




Need for Eddy Diffusion Parameterizations
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MRF (Medium Range Forecast

model)

MRF is a vertical diffusion non-local scheme in which is taken into account that the transport
of mass, momentum and heat is mostly accomplished by large eddies (Troen and Mahrt 1986,

Hong and Pan 1996).

The turbulence diffusion equation for prognostic variable is:
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-Regime 1 ==========& Nighttime Stable conditions
-Regime 2 ==========€& Dumped mechanical turbulence
-Regime 3 ==========€& Forced Convection conditions

-Regime 4 ==========& Free Convection conditions

(BR>0.2)
(0<BR<0.2)
(BR=0)

(BR<0)



Eddy Diffusivity Ratio
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New Eddy Diffusivities
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CROSS SECTION SW-NE 45 deg.

height AGL [km]

Cross Section of Wind field; "OCT 2000" day 8 Local Time : 0 ,position: 45 deg from HORTH Direction

a5 B0 BA 70 75 gl [uta =l 95 100 105
SW-HE direction [km]

Lee et al. Boundary Layer Meteorology, 119, 2006




‘Wind speed [ms]

Temperature & Wind comparison

 Lee et. al. Boundary Layer Meteorology, 119, 2006

Detrended averaged surface temperature
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E (Mm?2s?) Wind Direction (Deg.) Wind Speed (m s

Temperature (K)

(averaged over
1-h, at 10 km)

RAMS uses

Therry and

Lacarrere’s
(1983)

parameterization

200x200 km
domain,
including Rome
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Courtesy: Paolo Monti, University of Rome



Urban Sales
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Urban Heat Island — Not predicted well by the
conventional meso-scale models



MNight Surface Temperature (C), Phoanix Area, AZ

3-October-2003, — 22:39:00

UHI in satellite image of
Phoenix
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Parameterization of Urban areas

Conventional MM5
@ Urban is one category

Urban version of MM5
@ Urban is one category

Sub-Urban area/residential houses

Low commercial/residential houses
(2-3 level)

Buildings less than 24-stories

/low industrial

Low commercial, administrative
and cultural buildings

l Salt River

l Freeway and Road

l Commercial offices (high)



Methodology of UCP for Phoenix

o UCP(Urban Canopy parameterization) is adopted to MM5

Roughness o Drag-Force
approach et madiation approach

Figure 1. Scheme of the new MM35 canopy parameterization, DA-SM2-U, using the drag-force approach
with the soil model SM2-U(3D), compared with the roughness approach. (from Dupont et al. ,2004)



Surface Wind and Temperature Fields
' 01/13 02 PM (NOUCP)
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UHI onua Winter quht....,..
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@ Observations: (Urban — Rural) is about 6°
@ Simulations:
7° by MM5/UCP(ASU-Version);
No UHI by the conventional No-UCP version



Comparison with Observations
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Layer 1 O3d
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January 13,2008 21 :00:00
Min= 0.003 at (105.25), Max= 0.064 at (142,64)



Maximum Concentration of Ozone

Ozone Concentration in Urban

Time (Hour)

——UCP - ---NoUCP e Obs

@ The maximum concentration of O3 In the northeastern urban area by UCP
case is higher than the NoUCP in the night, because the developed local
down-slope flow could be simulated by UCP version.




Integrated Air Quality — Health Warning System

PM10 continuous data: ) High resolution interpolation:

e = WLl Sy A7 @lnverse Distance Weighting (IDW)
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PM10 forecast

Western Regional Air
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PM10 concentration
Domain D2 (12km)

micrograms{mes .

1

Movember 7,2005 0:00:00
Min= 1 at{47.24), Max= 68 at(27.23)
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One possible solution to improve the
numerical predictions - combine CMAQ and
IDW surfaces
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Comparison of calculated 24-hour PM,, with observations at CP
site: violet - direct CMAQ; blue - “CMAQ-new” is combined with
IDW surfaces
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