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s PROJECT GOALS
= uMM5 CONFIGURATION
= SYNOPTICS: 700 MB & SEC

m DOMAIN 1: MM5* VS NWS WINDS
*MESO CONVENTION:

m UHIs and FLLOWSs: current vs. re-forested
B ONGOING EFFORTS




» Overall: Evaluate impacts of de- & re-forestation
on Houston O, levels

» O, SIP: Aug-Sept Texas2000, Houston

» Met Model: EPA uMM5

» Improved uMMS5 Input:
» CPU: SJSU 96 cluster

» Programming and graphics:
» Evaluation: ;
» UMMDb5 vs. MM5 performance
» UMMD5 sensitivity to LU/LC changes
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Figure 1. Schematic of climatic scales and verti-
‘cal layers found in urban areas




m Urbanize: surface, SBL, & PBL. momentum,
thermo, & TKE Egs

m Allows prediction within UCL

m [From vegetation canopy-model of Yamada (1982)

m Veg parameters 7eplaced with urban (GIS/RS) terms
® Brown and Williams 1998
m Masson 2000
m Sievers 2001

= LILNIL 2004




Tw,

Figure 1. Discretization of the surfaces (roof, wall, road) and prognostic variables: Layer temperat-
ures T, (» = R.w, r; here three layers are displayed for cach surfuce. so b = 1.2, 3). surface
water content W, (» = R, r), surface snow content Wipg, (¢ = K.r). The luyer temperatures
are representative of the middle of each layer (dotted lines). The surface temperatures are assumed
10 be equal 1o the surface-layer temperature: 7, = 7,,. The internal building temperatue 7 is
- prescribed. Fractions of water or snow (8, and 8cpow, respectively) are computed from the water and
snow contents (see text). Snow density. albedo and temperature are computed independently tor ool
and road by a snow mantel scheme (in this paper. a one-layer scheme was chosen),

Aerodynamical resistances wind profile
Figure 15.3: Energy fluxes between the artificial surfaces and the atmosphere.

Urban P terization for M le Model
Martilli et al. (2000)

Momenfum

Three terms are added to the horizontal momentum equations to account for
walls, roofs, and streets.

Street

U, Ss

=—pu;
: pi"‘g‘juz+v2 V=V

M

Where S = sfc area
V = vol




» land use (38 categories)

» roughness elements

» anthropogenic heat as f (t)

» Vvegetation and building heights

» paved surface fractions

» drag-force coefficients for buildings & vegy

» building height-to-width, wall-to-plan,
& Impervious-area ratios

» building frontal [as f(dd)], building plan, & and rooftop
area-densities

» Vvegetation top- and area-densities

> ¢, Cp, o, etc. of walls and roofs




5-domain configuration, D5 is
: 108, 36, 12, 4, 1 km
_(excluding surface):
43x53%28, 55x55x28, 100x100x28,
136x151%28, x48.







vegetation cover

Modeled N
vegetation cover

values are of
those above




Soil moisture increase for:
Run 12 (entire area, left) and
Run 13 (urban area only, right)




m UMMS5 takes longer than MIM5

= with 1-CPU: 8 times longer
= With 96-CPU: only 3 times longer

= each-day of our uMMS5 simulation took
m 16 days with 1-CPU
m 4.5 hours with 96-CPU

m UMMS gives better:
TKE, UHIs, & winds




m Pre-episode day

flow NE of Houston was from SE
Sea-breeze frontal formation

m Episode day

flow now from NE =

opposition to onshore sea-breeze flow

offshore cold-core low forms -
along-shore (NE to SW) coastal-flow -
0zone episode

m NWS vs. MMS

charts show only subtle changes
provides the more details (in inner grids)



1200 UTC (0700 DST) 24 AUG

of Houston
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1200 UTC (0700 DST) 25 AUG
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1200 UTC (0700 DST) 25 AUG

Sfc chart
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B Domain 1;

o NWS synoptic features (change in 700 hPa

flow-direction NE of Houston)

o off-shore feature (cold-core L) not on

NWS charts

B Domains 2-4: shows details of off-shore 1.
B Domain: 5: shows UHI effects




Run 1 (36 km grid) Wind (flag 5 m{s)
on sigma=0.998 at 2000 UTC on 8/25/00

Run 1 (108 km qrid) Wind (flag 5 m/
on sigma=0.998 at 2000 UTC on 8/25
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Domain 3 (12 km) 4 PM: cold-core L (from where?)

Run 1 (12 km %nd Temperature
on sugma 0998 at 2100 UTC on 8/26/00
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LATITUDE (°N)

LATITUDE (°N)

Note cold-core L off of Houston on O, day (25th)

Run 1 (4 km grid) Wind (flag 5 m
on sigma=0.998 at 2000 UTC on 8 23/00
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Run 1 (4 km grid) Wind (flag 5 m/s)
on sngma =0.998 at 2000 UTC on 8 25/00
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Run 1 (4 km grid) Wind (flag 5 m
on sigma=0.998 at 2000 UTC on 8 24/00
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Run 1 (4 km grid) Wind (flag 5 m/s)
on sigma=0.998 at 2000 UTC on 8/26/00
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Urbanized Domain 5:
near-sfc 3 PM winds

Run 12 (1 km) Tem gék) Wind (flag 5 m/s) Urbumzed Run 12 (1 km) Tem gK Wind (flag 5 m/s) Urbonlzed
on sigma=0.99975 at 2000 UTC on 08/22/10 on sigma=0.99975 at 2000 UTC on 08/23/10
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1 km Domain: (8 PM 21 Aug)

Run 1 (1 km) Temp (K) Non—urbanized Run 1 (1 kmg Temp g() Urbanized
on sigma=0.99975 at 0100 UTC on 8/22/00 on sigma=0.99975 at 0100 UTC on 8/22/00
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Run 1 {1 km) Air Temp Diff (K% [urb—NonUrb
on sigma=0.99975 at 0100 UTC on 8/22/0

mUpper L: MM5

mUpper R: uMMS5
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1km Domain: : 9 AM 22 Aug

Run 1 (1 km) Temp (K) Non—urbanized Run 1 (1 km) Temp (K) Urbanized
on sigmago.gg 75 af 1(4 0 UTC on 8/22/00 on sigma=0.99975 at 1400 UTC on 8/22/00
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on sigma=0.99975 at 1400 UTC on 8/22/0
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m Wet soil TI > urban TT > dry soil T1

m Urban an area surrounded by wet soil thus has
o (as urban area warms faster than soil)

o (as urban area cools faster than soil)

m Reverse true with dry rural soil

m Current results thus consistent with
, as uMM5
produced daytime warming & nighttime cooling
over urban Houston




Run 12 (urban-max reforestation) minus

Run 10 (base case):
reforested central urban-area cools &
surrounding deforested rural-area warms

Run 12 — Run 10 (1 km) Sfc Te Diff %K
on sigma=0.99975 at 2100 UTC, 0 /23/1

30.2

Y Urbanized

-~ 08/23/00 Run 12 — Run 10 (1 km) Sfc Temp Diff (K) Urbanized
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m Additional analysis of current results
m Additional simulations on new 106 CPU cluster
m Use of GIS/RS gridded urban sfc parameters
m Run CMAQ ozone model:
reduced UHI = lower ozone =2

emission-reduction credits

B [ink urban CED- & meso-models for:

NYC ER applications







Performance for 18 hour prediction




on sigmeed.475 o \obe e s 124 /00 e 700 mb
* Pre-episode
* Weak off-
shore L. (not in
INAVR)
*Weak NE
flow NE of city
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Run 1 (108 km grid) Wind
on sigma=0.675 at 1200 U?C on 8/25/00 L] 700 mb

m Episode AM

m Stronger off-

shore L.

m Stronger NE
tt NE of city

m Will cause con

with SB ff

LATITUDE (°N)

LONGITUDE (*W)




LATITUDE (°N)
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Run 1 5108 km gridT) Wind
on gigma=0.998 at 2300 UTC on 8/24/00

X3
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m Sfc chart

m Pre-episode

B On-shore SB

B Not much
difference at
same time on
next 2 days

B Neced to see
inner domains




1 ken uMMS5 11 PM: nocturnal UHI

Run 3 (1 km) Temp (K) Urbanized
on sigma=0.99975 at 0400 UTC on 8/23/00
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1 ktn uMMS5 3 PM: daytime UHI

Run 3 (1 km) Temp (K) Urbanized
on sigma=0.99975 at 2000 UTC on 8/23/00
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3:00 am
=3¢~ in-canopy
~~f== upstream

I v ' v r Al '—'
00 01 02 03 04 05
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Figure 23: Comparison of tke profiles computed within and upstream of

urban canopy (Brown and Williams [62]). Reynolds Stre:s
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Performance for 18 hour prediction using 12to 96 cpus Performance for 18 hour prediction using 12to 96 cpus

Performance for 18 hour prediction L .
P Performancefor 18 hour prediction using 12to 96 cpus
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Performance by physics

Performance by category Performance (real time) by category
50 18
® 16 a MM5
20 u a UMM5
35
12
30
10
IS B
a T8
20 |
6
15 |
4
10 |
2 1
5
0 J — 0
Sound Solve Convection SBL Radiation PBL Domain Microphysics Other Sound Solve Convecton SBL Radiaton PBL Bomain Microphysics Other
Category

Category




