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Optimization of the computing environment to improve the speed
of the modeling (WRF and CMAQ) calculation of the National Air
Quality Forecast System

Jisu Myoung*, Taehee Kim, Yonghee Lee, Insuk Suh, Limsuk Jang
Air Quality Forecasting Center, National Institute of Environmental Research, Incheon 22689, Korea

Abstract

In this study, to investigate an optimal configuration method for the modeling system, we performed an optimization experiment
by controlling the types of compilers and libraries, and the number of CPU cores because it was important to provide reliable model
data very quickly for the national air quality forecast. We were made up the optimization experiment of twelve according to compilers
(PGI and Intel), MPIs (mvapich-2.0, mvapich-2.2, and mpich-3.2) and NetCDF (NetCDF-3.6.3 and NetCDF-4.1.3) and performed
wall clock time measurement for the WRF and CMAQ models based on the built computing resources. In the result of the experiment
according to the compiler and library type, the performance of the WRF (30 min 30 s) and CMAQ (47 min 22 s) was best when the
combination of Intel complier, mavapich-2.0, and NetCDF-3.6.3 was applied. Additionally, in a result of optimization by the number
of CPU cores, the WRF model was best performed with 140 cores (five calculation servers), and the CMAQ model with 120 cores (
five calculation servers). While the WRF model demonstrated obvious differences depending on the number of CPU cores rather than
the types of compilers and libraries, CMAQ model demonstrated the biggest differences on the combination of compilers and libraries.
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Fig. 1. Time schedule of the national air quality forecast system.
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Fig. 2. Schematic diagram of the national air quality forecast system.
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Fig. 3. Run time of WRF and CMAQ model.
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Table 1. Details of the WRF/CMAQ model configuration

b

Model Configuration
Version v3.3
PBL YSU (Hong et al., 2006)
Micro Physics WSM3 (Hong et al., 2004)
WRE Scheme Cumulus Kain-Fritsch (Kain et al., 2004)
Long Wave Radiation RRTM (Mlawer et al., 1997)
Short Wave Radiation Goddard (Chou et al., 1994)
Version v3.1
Nature Megan v2.04
SMOKE Emission ) MICS-Asia 2010
Antropogenic CAPSS 2010
Version v4.7.1
Chemical mechanism SAPRC99 (Carter et al., 1990)
Aerosol Module AEROS (Binkowski et al., 2003)
CMAQ

Option Horizontal Diffusion
Vertical Diffusion

Advection Schem

Multiscale (Odman et al., 1997)
Eddy (Sutton et al., 1932)
Yamo (Odman et al., 2000)

Table 2. Details of the grids and nested model domains

Domains Horizontal grid Horizontal resolution
D1 174 x 128 27 km
D2 67 x 82 9 km
D3 58 x 61 3 km
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Table 3. Air Quality forecasting model system experimental environment

Classification Contents
File system GPES 3.5.0
(o CentOS 6.7 (64bit)
CPU Intel Xeon E5-2690 v4 14C 2.6 GHz 35 MB Cache * 2 ea / node
Infiniband Driver MLNX OFED LINUX-2.2-1.0.1.1
Disk Usable : 2.7 PiB
Memory 128 GB / node
Table 4. Designs of complier, MPI, NetCDF for optimization experiment
No. Compiler MPI NetCDF
1 mvapich-2.0 NetCDF-3.6.3
2 mvapich-2.0 NetCDF-4.1.3
3 mvapich-2.2 NetCDF-3.6.3
4 Palvi4s mvapich-2.2 NetCDF-4.1.3
5 mpich-3.2 NetCDF-3.6.3
6 mpich-3.2 NetCDF-4.1.3
7 mvapich-2.0 NetCDF-3.6.3
8 mvapich-2.0 NetCDF-4.1.3
9 Intelvl5.0 mvapich-2.2 NetCDF-3.6.3
10 mvapich-2.2 NetCDF-4.1.3
11 mpich-3.2 NetCDF-3.6.3
12 mpich-3.2 NetCDF-4.1.3
Table 5. Designs of core(node) for WRF model optimization experiment
Model Experiment Core Node
WCl1 56 2
wC2 84 3
WwC3 112 4
WRE WC4 140 5
WC5 168 6
WC6 196 7
wC7 224 8
WC8 252 9

AA ARG %<1 PBSS} S| ZRs B 3714
(mvapich-2.0, mvapich-2.2, mpich-3.2)5 AM-SIS
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Table 6. Designs of core(node) for CMAQ model optimization experiment

Model Experiment Nx Ny Core Node
CC1 8 48 2
cC2 6 12 72 3
CC3 16 96 4
Ccc4 8 64 3
CMAQ CCs5 8 12 96 4
CC6 16 128 5
CcC7 10 12 120 5
CC8 16 160 6
CC9 . 12 144 6
CC10 16 192 7
248 5P Kwall clock time) 02 H745tyl  WRF melo] gutelelol] ub2 vighe A% 23t Intel
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Fig. 5. Results of according to WRF model configuration

(WL1~WL12).

Configuration

(CLI~CL12).

Table 7. Results of WRF model according to compiler and library type

Configuration

Fig. 6. Results of according to CMAQ model configuration

No.

Configuration

Wall clock time

Hour (hh: mm: ss)

WLI1
WL2
WL3
WL4
WL5
WL6
WL7
WL8
WL9
WL10
WLI1
WL12

PGI compiler / mvapich-2.0 / NetCDF-3.6.3
PGI compiler / mvapich-2.0 / NetCDF-4.1.3
PGI compiler / mvapich-2.2 / NetCDF-3.6.3
PGI compiler / mvapich-2.2 / NetCDF-4.1.3
PGI compiler / mpich-3.2 / NetCDF-3.6.3
PGI compiler / mpich-3.2 / NetCDF-4.1.3
Intel compiler / mvapich-2.0 / NetCDF-3.6.3
Intel compiler / mvapich-2.0 / NetCDF-4.1.3
Intel compiler / mvapich-2.2 / NetCDF-3.6.3
Intel compiler / mvapich-2.2 / NetCDF-4.1.3
Intel compiler / mpich-3.2 / NetCDF-3.6.3
Intel compiler / mpich-3.2 / NetCDF-4.1.3

0.565 (00:33:54)
0.583 (00:35:00)
0.558 (00:33:27)
0.575 (00:34:31)
0.667 (00:40:01)
0.673 (00:40:21)
0.508 (00:30:30)
0.526 (00:31:34)
0.518 (00:31:05)
0.531 (00:31:53)
0.571 (00:34:14)
0.591 (00:35:26)

Table 8. Results of CMAQ model according to compiler and library type

No.

Configuration

Wall clock time

Hour (hh: mm: ss)

CL1
CL2
CL3
CL4
CL5
CL6
CL7
CL8
CL9
CL10
CL11
CL12

PGI compiler / mvapich-2.0 / NetCDF-3.6.3
PGI compiler / mvapich-2.0 / NetCDF-4.1.3
PGI compiler / mvapich-2.2 / NetCDF-3.6.3
PGI compiler / mvapich-2.2 / NetCDF-4.1.3
PGI compiler / mpich-3.2 / NetCDF-3.6.3
PGI compiler / mpich-3.2 / NetCDF-4.1.3
Intel compiler / mvapich-2.0 / NetCDF-3.6.3
Intel compiler / mvapich-2.0 / NetCDF-4.1.3
Intel compiler / mvapich-2.2 / NetCDF-3.6.3
Intel compiler / mvapich-2.2 / NetCDF-4.1.3
Intel compiler / mpich-3.2 / NetCDF-3.6.3
Intel compiler / mpich-3.2 / NetCDF-4.1.3

1.033 (01:02:00)
2.610 (02:36:36)
1.019 (01:01:09)
2.584 (02:35:03)
1.096 (01:05:44)
2.693 (02:41:34)
0.789 (00:47:22)
2.466 (02:27:59)
0.796 (00:47:45)
2.372 (02:22:18)
0.818 (00:49:04)
2.418 (02:25:06)
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Fig. 7. Results of according to WRF model configuration

(WC1~WC8).
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Table 9. Results of WRF model according to core(node) (based by WL7)

Configuration

Fig. 8. Results of according to CMAQ model configuration

Wall clock time

Ex. Node Core

Hour (hh: mm: ss)
WC1 2 56 0.499 (00:29:57)
wC2 3 84 0.415 (00:24:53)
WC3 4 112 0.371 (00:22:17)
WwcC4 5 140 0.358 (00:21:28)
WC5 6 168 0.469 (00:28:09)
WC6 7 196 0.452 (00:27:06)
WwC7 8 224 0.438 (00:26:17)
WC8 9 252 0.438 (00:26:18)

Table 10. Results of CMAQ model according to core(node) (based by WL7)

Wall clock time

Ex. Nx Ny Node Core

Hour (hh: mm: ss)

CCl 8 2 48 0.792 (00:47:31)

cc2 6 12 3 72 0.777 (00:46:36)

CcC3 16 4 96 0.764 (00:45:50)

CCc4 8 3 64 0.762 (00:45:43)

CC5 8 12 4 96 0.764 (00:45:52)

CC6 16 5 128 0.766 (00:45:57)

Ccc7 0 12 5 120 0.758 (00:45:29)

CC8 16 6 160 0.766 (00:45:58)

CcC9 12 6 144 0.775 (00:46:29)

CC10 12 16 7 192 0.796 (00:47:46)
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