
University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center

MM5 to CMAQ Layer Collapsing 
& Application of 

MCIPv1 vs. MCIPv2

University of California at Riverside
Bourns College of Engineering

Center for Environmental Research and Technology

Ad Hoc Meteorological Modeling Group
Lake Michigan Air Directors Consortium (LADCO),  Des Plaines, IL

July 30-31, 2002



University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center

Outline

• Layer Collapsing
– The need of layer collapsing
– Results of layer collapsing

• MCIP v.1 vs. MCIP v.2
– Model comparison

• Summary
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MM5 Modeling Domain
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MM5 Physics Options
• One-way nested grids
• Nonhydrostatic dynamics
• Four-dimensional data assimilation (FDDA):
• Analysis nudging of wind, temperature, and mixing ratios
• Explicit moisture treatment:
• 3-D predictions of cloud and precipitation fields
• Simple ice microphysics
• Cloud effects on surface radiation
• Anthes-Kuo (108-km grid)
• Kain-Fritsch (36-km grid)
• No shallow convection
• …………….
(from Olerud, et al.,  “Meteorological Modeling of 1996 for the United 

States with MM5, September 29, 2000”, MCNC. )
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MM5 Vertical Structure
Level Sigma Height (m) Pressure (mb)  Thickness (m) 
   0 1.000     0.0    1000.0         0.0 
   1 0.995     38.0     995.5       38.0 
   2 0.988    91.5     989.2       53.5 
   3 0.980    152.9     982.0       61.4 
   4 0.970    230.3     973.0       77.3 
   5 0.956    339.5     960.4      109.2 
   6 0.938    481.6     944.2      142.1 
   7 0.916    658.1     924.4      176.4 
   8 0.893    845.8     903.7      187.8 
   9 0.868   1053.9     881.2      208.1 
  10 0.839   1300.7     855.1      246.8 
  11 0.808   1571.4     827.2      270.7 
  12 0.777   1849.6     799.3      278.2 
  13 0.744   2154.5     769.6      304.9 
  14 0.702   2556.6     731.8      402.1 
  15 0.648   3099.0     683.2      542.4 
  16 0.582   3805.8     623.8      706.8 
  17 0.500   4763.7     550.0      957.9 
  18 0.400   6082.5     460.0     1318.8 
  19 0.300  7627.9     370.0     1545.5 
  20 0.200  9510.5     280.0     1882.6 
  21 0.120 11465.1     208.0     1954.6 
  22 0.052 13750.2     146.0     2285.1 
  23 0.000 16262.4     100.0     2512.1 
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CMAQ DomainCMAQ Domain

Clean boundary 
conditions and 
initial conditions 
using EPA 
defaults with 
some updates.
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CMAQ DescriptionCMAQ Description

• Domain: 
– 85 columns, 95 rows, 18 layers, 36km grid cells horizontally
– 68 variables, 
– Lambert-Conformal Projection

• Emissions:
– Area, Mobile, Point (Mexico), Biogenics: version F
– Point, Road Dust, Fire: version G

• Meteorology:
– From EPA MM5 1996 simulation, processed with MCIP v.1

• Chemistry: CB-IV with extensions
– SO2 oxidation into sulfate aerosol
– VOC oxidation into secondary organic aerosol
– Coupled with RADM aqueous chemistry
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Vertical Layer Structure – Sigma Coordinates
Layers Layer_23 Layer_18 Layer_17 Layer_16b Layer_16a Layer_12 Layer_08

23 0 0 0 0 0 0 0
22 0.052
21 0.12 0.12
20 0.2 0.2 0.2 0.2 0.2 0.2
19 0.3 0.3
18 0.4 0.4
17 0.5 0.5 0.5 0.5 0.5 0.5
16 0.582 0.582
15 0.648 0.648 0.648 0.648 0.648 0.648
14 0.702 0.702 0.702 0.702 0.702 0.702
13 0.744 0.744 0.744 0.744 0.744
12 0.777 0.777 0.777 0.777 0.777
11 0.808 0.808 0.808 0.808 0.808
10 0.839 0.839 0.839 0.839 0.839 0.839 0.839
9 0.868 0.868 0.868 0.868 0.868
8 0.893 0.893 0.893 0.893 0.893 0.893
7 0.916 0.916 0.916 0.916 0.916
6 0.938 0.938 0.938 0.938 0.938 0.938 0.938
5 0.956 0.956 0.956 0.956 0.956
4 0.97 0.97 0.97 0.97
3 0.98 0.98 0.98 0.98 0.98 0.98
2 0.988 0.988 0.988 0.988 0.988 0.988
1 0.995 0.995 0.995 0.995
0 1 1 1 1 1 1 1
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WRAP Modeling Domain
CCTM CPU Time and Disk Storage

2:38:361:40:451:19:140:56:130:36:22July

3:25:302:11:591:25:050:52:570:34:12Jan

23L18L16aL12L8LCPU

(Redhat 7.3, PGF90 v.4.0-1, Athlon 1.6 Ghz)

1.3G997M892M682M473MFile size

23L18L16aL12L8L
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Vertical Layer Structure Comparison

• Statistics for the differences in Layer 1 ozone:
– July 1-6, 1996 Layer 1 Ozone Differences for the six cases

• maximum differences
• minimum differences
• mean of differences
• sigma of differences

– July 1-6, 1996 Layer 6 Ozone Differences
– July 16-21, 1996 Layer 1 Ozone Differences

• Layer 1 Spatial Differences
– Ozone
– Deciview

• Vertical Ozone Differences Plots
– Rows 31
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Statistical Differences in Vertical Layer Structures

Layer 1 - Ozone - Maximum
July 1-6, 1996

0.000

0.010

0.020

0.030

0.040

0.050

0.060

0.070

0.080

Hour 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18
Hour

de
lta

 O
3 

re
la

tiv
e 

to
 2

3L
 (p

pm
)

Max_18-23 Max_17-23 Max_16b-23 Max_16a-23 Max_12-23 Max_08-23

Statistical Differences in Vertical Layer Structures
Layer 1 - Ozone - Minimum

July 1-6, 1996
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Statistical Differences in Vertical Layer Structures
Layer 1 - Ozone - Mean

July 1-6, 1996
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Statistical Differences in Vertical Layer Structures
Layer 1 - Ozone - Sigma

July 1-6, 1996
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Statistical Differences in Vertical Layer Structures

Layer 6 - Ozone - Maximum
July 1-6, 1996
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Statistical Differences in Vertical Layer Structures
Layer 6 - Ozone - Minimum

July 1-6, 1996
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Statistical Differences in Vertical Layer Structures
Layer 6 - Ozone - Mean

July 1-6, 1996
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Statistical Differences in Vertical Layer Structures
Layer 6 - Ozone - Sigma

July 1-6, 1996
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Statistical Differences in Vertical Layer Structures

Layer 1 - Ozone - Maximum
July 16-21, 1996
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Statistical Differences in Vertical Layer Structures
Layer 1 - Ozone - Minimum

July 16-21, 1996
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Statistical Differences in Vertical Layer Structures
Layer 1 - Ozone - Mean

July 16-21, 1996
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Statistical Differences in Vertical Layer Structures
Layer 1 - Ozone - Sigma

July 16-21, 1996

0

5

10

15

20

25

30

35

40

24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24
Hour

de
lta

 O
3 

re
la

tiv
e 

to
 2

3L
 (p

pm
)

Sigma_18-23 Sigma_17-23 Sigma_16b-23 Sigma_16a-23 Sigma_12-23 Sigma_08-23



University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center



University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center



University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center



University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center



University of California Riverside, ENVIRON International Corporation, MCNC

WRAP Regional Modeling Center

Application of MCIP v1 vs. MCIP v2
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MCIP1 MCIP2
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Summary

• Quality of MM5 outputs
• Balance between CPU cycles & disk 

storage vs. layer collapsing
• Direct pass through vs. rediagnosing


