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Urbanization modeling

e Effects of Land use and Land Cover
(LU/LC) changes

e Urban Heat Island (UHI)
e Neighborhood Scale Meteorology
e Air Quality




How Does the Land Use/Land Cover
Change Affect Local Weather/Climate?

e Climate Is a cumulative state of local weather

* There are synoptic changes in the weather due
to the changes in land surface processes

More importantly, mesoscale (of the scale 100s
— 1000s km) and neighborhood scale (of the
scale 1s — 10s km) meteorology is dependent
on the changes in the local energy budget and
surface characteristics more closely




How does the Land Use/Land Cover
Change Affect Local Weather/Climate?

e Land surface changes affect the thermal and
radiative characteristics of the energy balance

 The diurnal evolution of heat (temp.) and
momentum (winds) in the planetary boundary
layer (PBL) is strongly affected by the energy
balance and moisture budget.




Radiation Balance

Ilustration of Free Atmosphere Radiation Processes
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Current TCEQ’s TAMU Base Simulation Uses
Simple “5-layer” slab model, with GOES
Satellite Skin Temp. Assimilation




Hlustration of Surface Processes

substrate (constant’temperature)
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Phase 1: Improve Modeling of
Land Surface Processes in MM5




Urban : 10 sites Rural : 18 sites
CAMS SltelLanduse Dlstrlbutlon

4 GCAMS site
USGS landuse category

urban
Dryland Crop
Crop/Grs. Mosaic
Crop\Wood Mosc
Grassland
Shrubland
Savanna
Decids. Broadif.
Evergrn. BraodIf
Mizxed Forest
Water Bodies
Wooden Tundra
Wooden Tundra
Mixed Tundra




How to better model the land-surface
processes?

Use comprehensive land-surface model

NOAH LSM (N:National Center for
Environmental Prediction; O: Oregon State
University; A: Air Force; H: Hydrological
Research Lab.) (Ek et al., 2001).

4-layers (10, 30, 60, and 100 cm thick)

Predicts soil temperature, soil water, canopy
water, and snow/ice




nified Noah LLSM (Pan and Mahrt, 1987; Chen et al., 1997;
Chen and Dudhia, 2001; Ek et al. 2003)
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Simulation time: Aug. 22~Sep.02, 2000
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Analysis nudging for d1,d2,d3;
observation nudging(wind vector)for
d4

dl, d2 2way nesting;

d3,d4 continuous one-way nesting
MRF PBL Parameterization
Dudhia explicit moisture scheme
RRTM radiation scheme

Slab land-surface model (LSM)




Experiment #2: Use the recently developed NOAH Land Surface
Model (NOAH LSM) (EK, 2001) with identical inputs and model
configurations as in S1 case except using different land-surface
parameterizations (S2).

S1 (TAMU/GOES)

LSM SLAB

Treatment Increased SM in urban
of area

Soil GOES skin temperature
VIS assimilation to modify SM
(SM)

S2
NOAH

SM is updated with the recent
precipitation and runoff
processes




2-m Temperature (S2--NOAH LSM)(Aug.29~31)
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Scattered diagram of 2-m temperature with MM5/NOAH simulations.




10m WS,WD
from metstat
program
(Emery, 2001)

Averaged
over the
CAMS sites
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Summary of problems with the MM5/NOAH
simulation with default parameters.

1.

Simulated daytime temperature too high, and
nighttime temperature too low at urban sites.

The urban area was treated as If totally covered
with impervious surfaces. Therefore, we have
large diurnal variations in temp and very low
latent/sensible heat flux ratio.

At rural sites, we have no daytime temperature
bias, but serious nighttime temperature bias.

Serious delays in the development of diurnal wind
speed build up - related to #3.




Vegetation Parameters
USGS

27,1, "ALBEDO Z0 SHDFAC NROOT RS RGL HS SNUP LAl MAXALB*

1, .15, 1.00, .10, 1, 200., | 999., 999.0, | 0.04, 4.0, 40., "Urban*

2, .19, .07, .80, 3, 40., 100., 36.25, 0.04, 4.0, 64., Dryland Cropland
3, .15, .07, .80, 40., 100., 36.25, 0.04, 4.0, 64., "“Irrigated Cropland
4, .17, .07, .80, 40., 100., 36.25, 0.04, 4.0, 64., Dryland/Irrigated”
5, .19, .07, .80, 40. 100., 36.25, 0.04, 4.0, 64., "Cropland/Grassland
6
7
8
9

Parameters that determine evapotranspiration

, .19, .80, 70. 65., 44.14, 0.04, 4.0, 60., “Cropland/Woodland*
, 219, .08, .80, 100., 36.35, 0.04, 4.0, 64., “Grassland*
.25, .70, 100., 42.00, 0.03, 4.0, 69., "Shrubland*
.05, .70, 100., 39. 0.035, 4.0, 67., "Shrubland/Grass”
.20, .86, .50, 65., 54.53, 0.04, 4.0, 45., "Savanna“
.12, .80, .80, 30., 54.53, 0.08, 4.0, 58., "Broadleaf Forest"
211, .85, .70, 30., 47.35, 0.08, 4.0, 54_,"Needleleaf Forest®
211, .65, .95, 30., 41.69, 0.08, 4.0, 32., "Broadleaf Forest"
.10, .09, 30., 47.35, 0.08, 4.0, 52.,"Needleleaf Forest®
J12, ; .80, 30., 51.93, 0.08, 4.0, 53., "Mixed Forest*

3
3
3
3
3
3
3,
3
4
4
4
4
4




W
W, -o,P-D-E, +E,

is Intercepted canopy water content
IS green vegetation fraction

Eis Input total precipitation
canopy evaporation

If exceeds S (maximum canopy capacity: 0.5 mm), the
excess precipitation or drip, m reaches the ground.

is the anthropogenic contribution to the canopy water
content. A reasonable value 3x10- (meter of available water

per second) was picked for the simulation (* need to be
justified).




MMD5 sensitivity test continued to

correct minimum temperature problem
a. Add canopy water into urban area

b. Test emissivity value for different LU categories

(original emissivity in NOAH =1.0)
LT=a,..0 T"

a . emissivity of the surface
o . Stefan — Boltzmann cons tan t

surface

T :average daily air temperatur e
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Scattered diagram of 2-m temperature the urban sites

UH_modify

+ modify thermal conductivity in urban

+ adding canopy moisture into urban

+ modify emissivity in urban
+ modify emissivity in rural
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Scattered diagram of 2-m temperature the rural sites

UH_modify

+ modify thermal conductivity in urban
+ adding canopy moisture into urban

+ modify emissivity in urban

+ modify emissivity in rural
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10m Wind Direction from S1, S2 and S3 simulations:
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PBL heights & O3 on Aug. 25

PBI. Height (51)
(S1-SLAB)

2900.00 5

2187.50

1475.00

August 25,2000 22:00:00
Min= 50.00 at (28,56), Max=2522.73 at (32,58)

03 Concentration (81}
(S1-SLAB)

0.155 65

August 25,2000 22:00:00
Min= 0.022 at (17,23), Max= 0.135 at (21,33)

PBL Height (S2)
(S2—NOAH)
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August 25,2000 22:00:00
Min= 50.00 at (18,32}, Max=2527.07 at (24.32)
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Min= 0.026 at (17,23), Max= 0.125 at(19,32)
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Wind Profiler Sites (TexAQS-2000)
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S1 Aug. 27 PBI ht(m)

PBL Height Analysis
from S1, S2 and S3
simulations on Aug. 27
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S1 Aug. 30 PBI ht(m)

PBL Height Analysis
from S1, S2 and S3
simulations on Aug. 30
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S1_Aug. 31 PBI ht(m)

PBL Height Analysis
from S1, S2 and S3
simulations on Aug. 31
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Summary of MM5/NOAH simulation with

1. Urban area was treated as if it were totally covered
with impervious surface. Therefore, we have large
diurnal variations in temp and very low latent/sensible
heat flux ratio in urban areas.

Bias in daytime temperature fixed with added canopy
water.

The nighttime min. temperature bias was minimized
by introducing LU/LC dependent emissivity

Still there are serious delays in the development of
daytime wind speed build up.




Continue to test MM5/NOAH with new LANDSAT derived land
use and land cover data

Estimate biogenic emissions with LC and meteorology data

Study effects on air quality




Land Use Classification

Stephen Stetson, GEM
Pete Smith, Texas Forest Service

M Forest
Range
M Agriculture

Résidential
=1 Commercial
_ Industrial
W Parks .
B Transportation Corridors
& Urban Forest
Urban Grass
M Urban Barren
Urban Impervious
Rural Impervious
_ Urban Airports
B Water

LANDSAT derived LU/LC




@ LANDSAT derived LU/LC

Land Cover Classification ' N

SR
Wi,
' T
-

i

Stephen Stetson, GEM
Pete Smith, Texas Forest Servicg

| Forest Broadleaf
B Forest Coniferous
B Forest Mixed
Grass
™ Barren
‘Beach
Impervious
Roads
B Wetland
B Water




'ﬁmgk- . LANDSAT
N - i - Land Use Data

] dkrm land use type
- g * 1_urban
n L 2_drylandfcropland

*  Z_irrigated cropland and pasture

* §_cropland/grassland
E_croplandfwoodiand

# T _grassland
2_shrubland
9_sshrubland/grassland

* 0_sawanna
11_deciduous broadleaf forest
14_evergreen needl elesf forest

*  15_mixed forest

s E_water
18_wooded wetland
22_residential

' 2 .- LANDSAT
- - Land Cover_

B 4km land cover type

1_urban

2_dryland/cropland

5 cropland/grassland
6_cropland/woodland
7_grassland

8 shrubland

10_savanna

11_deciduous broadleaf forest
14_evergreen neeadleaf forast
15_mixed forest

16_water

18_wooded wetland

19_bare solil



— LU(2000)
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1_urban

2_dryland/cropland
5_cropland/grassland
6_croplandiwoodland
7_grassland

8_shrubland

10_savanna

11_deciduous broadleaf forest
14_evergreen needeaf forest
15_mixed forest

16_water

18_wooded wetland

[] =
LA TS ()

1_urban
2_drylandfcropland

5 _cropland/grassland
6_croplandiwoodland
7_grassland
8_shrubland
10_savanna
11_deciduous broadleaf forest
14_evergreen needeaf forest |-
15_mixed forest

16_water

18_wooded wetland

0 =
=l
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SLAB s0il model MNOAH LS
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K
PAVE August 30,2000 20:00:00 e August 30,2000 20:00:00
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83

August 30,2000 20:00:00 PAVE
Min= 301.639 at (54.1), Max= 312.395 at(53.45) e

August 30,2000 20:00:00
Min= 301.628 at (52,1), Max= 312.439 at(53.45)



Simulation (LC 1990)

2-m Temperature (LC 1990)(Aug.29~31)
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Replacing LU & LMD New biogenic
data for HGA ‘/ emission processing

N
N

LC shape Temp &
data PAR data

For HGA 8 Counties Gridding & i From TCEQ

from Stephen Stetson post-processing

TCEQ Modified

—>
LU data T CIOBEISS emissions

Original 4-km A

domain !

NEY HiD Additional

data )
input data
For HGA 8 Counties

from David Nowak
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(b) Satellite-derived LC

— 0
molefhr

August 31,2000 12:00:00 August 31,2000 12:00:00
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(a) Biogenic NO

GloBEIS3_Base
Base_LC

I 200

130

(b) Biogenic NO
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Mew LCILMD_for_2000

Auqust 31,2000 12:00:00
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(d) Difference: (b) - (a)

LC _2000-Base
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(a) Aug. 30, 2000 (b) Aug. 31, 2000

(c) Sept. 1, 2000

Ambient O3 concentration Ambient O3 concentration Ambient O3 concentration
Base LC Base LC Base LT
I 173
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0
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i August 30,2000 15:00:00 August 31,2000 15:00:00 September 1,2000 15:00:00
MENE Min=_ 0 at (1.1}, Max= 135 at (37.30) Min= 0 at({1.1). Max= 173 at (33.29) Min= 0 at({1.1). Max= 137 at (B0.48)
(a) Aug. 30, 2000 (b) Aug. 31, 2000 (c) Sept. 1, 2000
03 concentration difference 03 concentration difference 03 concentration difference
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Min= -18.982 at (22.27). Max= 1.910 at (18.45)







(a) Biogenic ISOP
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