










MT 4.07 3.40 3.40 2.97 2.50 2.16 2.95 2.75 2.70 2.79 2.67 2.94 
MW 2.03 1.90 2.15 2.32 2.25 2.00 1.94 2.05 2.13 2.05 1.73 2.05 
NC 2.21 2.21 2.38 2.18 2.17 1.89 1.90 1.79 1.90 2.13 2.71 2.13 
ND 2.59 2.40 2.61 2.76 2.46 1.97 2.09 2.21 2.40 2.50 2.07 2.37 
NE 2.71 2.84 2.70 2.61 2.38 1.83 2.06 2.23 2.32 2.53 2.70 2.45 
NH 2.80 3.23 3.57 3.31 2.68 2.80 2.54 2.59 2.84 2.36 2.67 2.85 
NJ 1.82 2.02 1.94 2.13 1.86 1.65 1.51 1.74 2.16 1.85 2.16 1.89 
NM 2.79 2.21 2.61 2.86 2.64 2.67 2.58 2.41 2.57 2.47 3.13 2.63 
NMED4KM 3.02 2.67 3.24 3.32 3.08 3.05 3.17 2.77 2.91 2.76 3.34 3.03 
NV 2.95 2.68 3.13 3.39 3.37 3.92 4.29 3.92 4.20 3.56 3.26 3.52 
NY 1.96 2.22 2.28 2.29 1.84 1.88 1.75 1.92 2.02 1.88 2.11 2.01 
OH 1.95 1.73 1.98 2.17 2.26 1.95 1.71 1.95 2.00 2.04 1.70 1.95 
OK 2.68 2.57 2.20 1.96 2.05 1.99 2.04 2.18 2.15 2.20 2.43 2.22 
OR 2.59 2.96 2.67 2.08 2.11 2.54 3.11 3.14 2.98 2.46 2.82 2.68 
PA 1.94 1.83 1.92 2.20 2.00 1.76 1.67 1.81 1.96 1.79 1.90 1.89 
RI 1.85 1.96 1.95 1.88 1.91 1.84 1.75 1.85 1.82 1.72 1.57 1.83 
SC 2.28 2.35 2.36 2.10 2.09 1.74 1.85 1.74 1.73 2.12 2.65 2.09 
SD 2.41 2.87 2.67 2.69 2.46 2.04 2.21 2.28 2.36 2.53 2.51 2.46 
TN 1.80 2.11 2.02 2.07 2.09 1.77 1.68 2.03 2.13 2.13 2.29 2.01 
TX 2.28 2.38 2.24 2.06 1.93 1.68 2.04 2.02 1.93 2.20 2.42 2.11 
UT 2.72 2.72 2.95 2.89 2.57 2.78 3.07 2.92 3.07 2.77 3.00 2.86 
VA 2.14 1.97 2.17 2.20 2.11 1.89 1.82 1.85 2.18 2.08 2.46 2.08 
VISTAS 2.15 2.13 2.27 2.16 2.15 1.86 1.88 1.91 1.98 2.15 2.41 2.10 
VT 2.51 2.61 3.01 2.63 2.02 2.16 1.83 2.01 2.26 2.05 2.51 2.33 
WA 2.20 2.75 2.25 1.94 1.97 2.03 2.40 2.65 2.37 1.89 1.92 2.22 
WI 2.34 2.40 2.54 2.41 2.23 2.01 1.94 1.96 2.09 2.06 1.75 2.16 
WRAP 2.86 2.67 2.73 2.71 2.57 2.62 2.87 2.79 2.80 2.64 2.89 2.74 
WV 2.11 1.92 2.21 2.30 2.35 1.98 1.87 1.94 2.22 2.01 2.33 2.11 
WY 3.55 3.59 3.20 3.19 2.40 2.53 3.04 2.92 3.00 2.75 2.92 3.01 
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Table 3-5: Temperature Error  (K) by Month and by State and Region in the 12km Domain.    

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean 
ALL 2.83 2.56 2.70 2.69 2.47 2.52 2.77 2.64 2.81 2.78 3.12 2.72 
AZ 2.21 1.85 2.48 2.88 3.04 3.19 3.16 2.57 2.77 2.77 3.08 2.73 
CA 2.73 2.20 2.38 2.43 2.33 2.35 2.56 2.56 2.73 2.72 3.25 2.57 
CO 3.26 3.06 3.29 3.17 2.93 2.80 3.11 2.69 2.93 2.90 3.32 3.04 
ID 3.06 3.09 3.05 3.06 2.58 2.64 3.38 3.45 3.35 3.02 3.11 3.07 
NM 2.75 2.11 2.58 2.86 2.54 2.66 2.55 2.37 2.65 2.55 3.30 2.63 
NMED4KM 3.01 2.53 3.12 3.28 3.02 3.02 3.04 2.63 2.90 2.85 3.51 2.99 
NV 3.10 2.73 3.14 3.23 3.06 3.58 3.89 3.61 4.00 3.63 3.67 3.42 
UT 2.74 2.70 2.88 2.75 2.46 2.68 3.15 2.90 3.19 2.96 3.11 2.87 
WY 3.30 3.57 2.81 2.75 2.17 2.36 2.86 2.92 2.90 2.72 2.72 2.83 

 

Table 3-6 Temperature Error (K) by 
Month

for t he 4km Domain.             

Region Jan '05 Feb '05 Mar '05 Apr 05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean  
ALL 3.09 2.59  3.03  3.26 3.32 3.51  3.71  3.25  3.55  3.50  3.98 3 .34
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Table 3-7: Mixing Ratio Bias (g/kg) by Month and by State and Region in the 36km 
Domain. 

    

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean 
AK 0.05 0.15 0.29 0.19 0.55 0.53 0.17 0.37 0.42 0.54 0.20 0.31 
AL 1.29 1.16 1.12 1.16 0.83 -0.07 0.03 -0.15 0.39 0.26 0.39 0.58 
ALL 0.39 0.39 0.35 0.44 0.05 0.06 -0.17 -0.24 0.19 0.11 0.25 0.17 
AR 0.86 0.76 0.41 0.59 0.17 0.00 -0.32 -0.59 -0.04 -0.24 0.10 0.15 
AZ -0.31 -0.34 -0.34 0.40 1.04 1.41 1.37 0.22 1.07 0.54 0.61 0.52 
CA 0.02 -0.21 -0.40 -0.39 -0.32 -0.48 -0.34 -0.03 -0.48 -0.48 -0.33 -0.31 
CENRAP 0.36 0.36 0.15 0.19 -0.08 -0.09 -0.51 -0.55 0.06 -0.09 -0.02 -0.02 
CO 0.15 0.06 0.10 0.13 -0.33 -0.89 -0.25 -0.85 -0.34 -0.57 -0.15 -0.27 
CT 0.37 0.44 0.54 0.59 0.27 0.60 0.10 0.22 0.56 0.69 0.94 0.48 
DC 0.98 0.86 0.81 0.45 0.16 0.13 -0.49 -0.35 0.24 0.55 0.49 0.35 
DE 0.43 0.53 0.55 0.48 0.22 -0.11 -0.49 -0.17 0.29 0.41 0.61 0.25 
FL 1.07 0.93 0.88 0.84 0.68 0.01 -0.10 0.19 0.55 0.31 0.78 0.56 
GA 1.16 1.05 1.23 0.99 0.62 -0.25 -0.16 -0.33 0.21 0.09 0.34 0.45 
IA 0.09 0.25 0.03 -0.16 -0.33 0.26 -0.69 -0.85 0.04 -0.06 -0.01 -0.13 
ID 0.23 0.11 0.47 -0.01 -0.60 -0.69 -0.38 -0.06 -0.46 -0.21 0.16 -0.13 
IL 0.31 0.43 0.21 0.38 -0.08 0.51 -0.60 -1.08 -0.32 -0.04 0.15 -0.01 
IN 0.00 0.50 0.44 0.65 -0.14 0.46 -0.15 -0.66 0.29 0.16 0.27 0.17 
KS 0.35 0.28 -0.16 -0.03 0.17 0.27 -0.19 0.11 0.34 0.18 0.12 0.13 
KY 0.46 0.70 0.46 1.10 0.23 0.48 0.37 0.08 0.44 0.18 0.50 0.45 
LA 0.96 0.96 0.85 0.72 0.43 0.41 0.14 -0.04 0.77 0.20 0.18 0.51 
MA 0.19 0.24 0.35 0.64 0.30 0.73 0.48 0.80 0.96 0.87 0.94 0.59 
MANE VU 0.35 0.39 0.51 0.82 0.24 0.66 0.22 0.49 0.73 0.72 0.77 0.54 
MD 0.65 0.75 0.64 0.38 -0.17 0.09 -0.55 -0.41 0.44 0.58 0.63 0.28 
ME 0.11 0.15 0.39 0.92 0.56 1.22 0.70 0.62 0.85 0.79 0.66 0.63 
MI 0.12 0.20 0.45 1.04 0.10 0.71 0.22 0.04 0.45 0.46 0.30 0.37 
MN -0.07 0.02 0.02 0.67 -0.05 0.41 0.22 -0.17 0.32 0.14 0.02 0.14 
MO 0.62 0.66 0.15 0.22 0.27 0.64 0.06 -0.17 0.10 -0.06 0.32 0.26 
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MS 1.06 0.96 0.90 0.83 0.45 0.06 -0.14 -0.09 0.37 0.13 0.28 0.44 
MT 0.29 0.34 0.45 0.03 -0.42 -0.90 -0.73 -0.10 -0.09 -0.07 0.33 -0.08 
MW 0.14 0.31 0.38 0.76 0.04 0.73 0.00 -0.35 0.15 0.22 0.22 0.24 
NC 1.12 0.89 1.10 1.20 0.83 0.13 0.10 -0.21 0.54 0.52 0.73 0.63 
ND -0.04 0.14 0.05 0.05 -0.35 -0.31 -0.16 0.06 0.45 0.14 0.17 0.02 
NE 0.23 0.29 0.01 0.05 0.08 0.36 0.22 0.05 0.69 0.15 0.03 0.20 
NH 0.13 0.16 0.32 0.96 0.26 1.08 0.56 0.56 0.73 0.79 0.86 0.58 
NJ 0.59 0.62 0.76 1.12 0.23 0.30 -0.10 0.44 0.77 0.76 0.94 0.58 
NM 0.08 -0.07 -0.17 0.05 -0.04 0.38 0.11 -1.02 0.34 -0.16 0.42 -0.01 
NMED4KM 0.23 0.09 0.17 0.22 -0.08 -0.08 0.10 -0.76 0.21 -0.24 0.11 0.00 
NV 0.17 0.10 0.39 -0.03 -0.23 0.16 0.88 0.51 0.85 0.13 0.34 0.30 
NY 0.27 0.30 0.37 0.85 0.07 0.41 0.05 0.36 0.64 0.69 0.72 0.43 
OH 0.13 0.52 0.50 0.66 -0.01 0.80 0.27 0.18 0.54 0.42 0.47 0.41 
OK 0.57 0.19 -0.24 -0.33 -0.67 -1.34 -2.22 -1.19 -0.68 -0.61 -0.10 -0.60 
OR 0.20 0.39 0.25 -0.10 -0.47 -0.48 0.27 0.34 0.08 0.00 0.40 0.08 
PA 0.58 0.63 0.75 0.96 0.30 0.74 0.17 0.66 0.77 0.66 0.74 0.63 
RI 0.25 0.30 0.46 0.52 0.41 1.04 1.00 0.90 0.82 0.84 0.79 0.67 
SC 1.13 1.00 1.35 1.28 0.78 0.15 0.12 -0.24 0.63 0.35 0.65 0.65 
SD 0.12 0.22 0.03 -0.01 -0.38 -0.08 0.01 -0.18 0.29 0.02 0.06 0.01 
TN 0.85 0.84 0.64 0.91 0.29 0.12 -0.04 -0.37 0.32 0.21 0.31 0.37 
TX 0.49 0.50 0.36 0.04 -0.13 -0.61 -0.96 -0.97 -0.20 -0.23 -0.17 -0.17 
UT 0.21 0.18 0.37 -0.05 -0.62 -0.54 0.27 -0.19 -0.02 -0.32 -0.25 -0.09 
VA 0.71 0.70 0.62 0.52 -0.17 -0.51 -0.86 -1.12 -0.04 0.25 0.43 0.05 
VISTAS 1.01 0.91 0.95 0.96 0.53 -0.03 -0.14 -0.27 0.39 0.30 0.56 0.47 
VT 0.11 0.17 0.30 0.88 0.19 0.96 0.58 0.60 0.70 0.70 0.62 0.53 
WA 0.16 0.19 0.33 0.04 -0.31 -0.52 -0.11 -0.03 -0.10 0.02 0.31 0.00 
WI 0.03 0.11 0.39 0.97 0.20 1.07 0.30 -0.19 0.01 0.14 0.03 0.28 
WRAP 0.10 0.04 0.01 -0.05 -0.26 -0.37 -0.07 -0.15 -0.06 -0.18 0.07 -0.08 
WV 0.77 0.80 0.75 1.19 0.44 0.31 -0.08 -0.17 0.64 0.54 0.75 0.54 
WY 0.31 0.25 0.16 0.09 -0.74 -1.33 -0.42 -0.25 -0.07 -0.36 0.03 -0.21 
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Table 3-8: Mixing Ratio Bias (g/kg) by Month and by State and Region in the 12km 
Domain. 

    

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean 
ALL 0.11 0.02 0.01 0.01 -0.07 -0.10 0.29 0.03 0.13 -0.10 0.02 0.03 
AZ -0.24 -0.16 -0.13 0.54 1.17 1.55 1.75 0.32 1.07 0.70 0.71 0.66 
CA 0.02 -0.19 -0.29 -0.35 -0.20 -0.36 -0.03 0.23 -0.26 -0.36 -0.45 -0.20 
CO 0.15 0.08 0.10 0.23 -0.12 -0.46 0.24 -0.57 -0.10 -0.37 -0.08 -0.08 
ID 0.25 -0.01 0.49 0.20 -0.60 -0.47 -0.22 0.29 -0.32 -0.15 0.15 -0.04 
NM 0.10 -0.08 -0.07 0.22 0.22 0.60 0.60 -0.81 0.43 -0.08 0.47 0.15 
NMED4KM 0.21 0.08 0.20 0.34 0.17 0.27 0.69 -0.42 0.41 -0.05 0.18 0.19 
NV 0.07 -0.06 0.34 0.12 -0.09 0.45 0.87 0.69 0.96 0.23 0.28 0.35 
UT 0.10 0.04 0.37 0.11 -0.35 -0.13 0.68 0.25 0.22 -0.07 -0.14 0.10 
WY 0.23 0.22 0.19 0.13 -0.59 -0.89 -0.10 0.00 0.11 -0.23 0.06 -0.08 

 

Table 3-9 Mixing Ratio Bias (g/kg) 
by 

Month 
for 

the 4km Domain.              

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '0  Aug '05 Sep '05 Oct '05 Nov '05 Mean  
ALL -0.10  -0.29 -0.28 -0.20 0.05 0.52  1 37  0.33  1.08  0.00  0.14 0 .24
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Table 3-10: Mixing Ratio Error (g/kg) by Month and 
b

Stat and Region 
i

the 36km Domain.     

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul ' 05 Aug '05 Sep '05 Oct '05 Nov '05 Mean
AK 0.45 0.39 0.46 0.54  1.05  0.98  0.60  0.70  0.64 0.68 0.44 0.63 
AL 1.35 1.26 1.27 1.36  1.39  1.45  1.59  1.60  1.37 0.96 1.02 1.33 
ALL 0.71 0.74 0.81 1.11  1.16  1.49  1.59  1.52  1.33 1.00 0.86 1.12
AR 0.97 1.02 0.91 1.16  1.28  1.53  1.81  1.86  1.43 0.96 0.93 1.26 
AZ 0.95 0.94 0.94 0.88  1.43  1.83  2.54  2.00  2.06 1.29 0.95 1.44 
CA 0.79 0.85 1.07 1.03  1.01  1.12  1.44  1.48  1.41 1.18 1.24 1.15
CENRAP 0.67 0.77 0.76 1.15  1.33  1.70  1.84  1.69  1.43 1.02 0.82 1.20 
CO 0.55 0.59 0.59 0.83  1.05  1.53  1.53  1.53  1.24 1.01 0.65 1.01 
CT 0.46 0.54 0.61 0.84  0.87  1.14  1.24  1.14  1.12 0.88 1.02 0.90
DC 1.03 0.90 0.88 1.01  0.99  1.36  1.50  1.34  1.10 0.96 0.94 1.09 
DE 0.54 0.62 0.62 0.83  0.87  1.06  1.26  1.17  1.10 0.74 0.80 0.87 
FL 1.38 1.30 1.34 1.28  1.49  1.41  1.52  1.44  1.55 1.21 1.40 1.39
GA 1.31 1.23 1.41 1.34  1.32  1.57  1.72  1.56  1.61 1.16 1.15 1.40 
IA 0.35 0.57 0.65 1.16  1.37  1.84  1.90  1.91  1.35 0.89 0.64 1.15 
ID 0.55 0.52 0.81 0.79  1.16  1.28  1.31  1.34  1.02 0.84 0.69 0.94
IL 0.55 0.58 0.61 1.11  1.12  1.52  1.70  1.82  1.38 0.96 0.69 1.09 
IN 0.58 0.61 0.66 1.20  1.04  1.44  1.35  1.51  1.21 0.90 0.72 1.02 
KS 0.60 0.71 0.62 0.99  1.32  1.51  1.48  1.41  1.25 0.92 0.65 1.04
KY 0.80 0.81 0.82 1.44  1.11  1.45  1.46  1.51  1.21 0.91 0.87 1.13 
LA 1.23 1.23 1.23 1.23  1.42  1.63  1.68  1.54  1.60 1.04 1.30 1.38 
MA 0.42 0.41 0.49 0.89  0.78  1.28  1.21  1.34  1.26 0.98 1.02 0.92
MANE_VU 0.50 0.52 0.61 1.03  0.88  1.32  1.29  1.29  1.23 0.93 0.92 0.96 
MD 0.79 0.83 0.79 0.98  1.03  1.42  1.47  1.52  1.44 1.00 0.96 1.11 
ME 0.31 0.33 0.48 1.03  0.84  1.53  1.27  1.18  1.17 0.89 0.76 0.89
MI 0.35 0.35 0.55 1.20  0.79  1.38  1.29  1.18  1.09 0.83 0.63 0.88 
MN 0.23 0.36 0.42 1.23  1.07  1.52  1.47  1.28  1.27 0.88 0.51 0.93 
MO 0.73 0.80 0.64 1.07  1.24  1.57  1.48  1.59  1.29 0.94 0.78 1.10
MS 1.22 1.18 1.20 1.24  1.33  1.54  1.72  1.64  1.55 1.03 1.09 1.34 
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MT 0.47 0.51 0.73 0.75 0.98 1.48 1.36 1.22 0.92 0.86 0.63 0.90 
MW 0.43 0.46 0.58 1.16 0.94 1.48 1.44 1.41 1.21 0.89 0.64 0.97 
NC 1.19 0.99 1.23 1.53 1.37 1.56 1.69 1.57 1.41 1.14 1.15 1.35 
ND 0.25 0.36 0.45 0.86 1.03 1.28 1.39 1.20 1.13 0.82 0.52 0.84 
NE 0.49 0.59 0.56 1.02 1.22 1.47 1.66 1.60 1.32 0.88 0.58 1.04 
NH 0.37 0.38 0.48 1.12 0.94 1.61 1.29 1.26 1.22 0.89 0.99 0.96 
NJ 0.65 0.71 0.79 1.22 0.85 1.15 1.19 1.21 1.32 1.00 1.02 1.01 
NM 0.77 0.78 0.80 0.79 1.15 1.57 1.78 1.84 1.65 1.01 0.68 1.17 
NMED4KM 0.60 0.59 0.66 0.80 1.00 1.45 1.56 1.52 1.41 0.99 0.62 1.02 
NV 0.65 0.61 0.97 0.70 1.22 1.10 1.73 1.46 1.25 0.88 0.80 1.03 
NY 0.42 0.43 0.51 1.01 0.84 1.19 1.30 1.24 1.17 0.90 0.85 0.90 
OH 0.55 0.64 0.65 1.03 0.95 1.41 1.28 1.34 1.17 0.91 0.75 0.97 
OK 0.88 0.85 0.79 1.09 1.51 2.17 2.61 1.96 1.56 1.12 0.85 1.40 
OR 0.66 0.68 0.80 0.77 0.95 0.90 1.16 1.16 0.91 0.93 0.71 0.88 
PA 0.67 0.70 0.82 1.14 0.91 1.34 1.29 1.39 1.26 0.94 0.90 1.03 
RI 0.41 0.46 0.55 0.78 0.93 1.32 1.57 1.51 1.29 1.06 0.93 0.98 
SC 1.21 1.10 1.43 1.46 1.29 1.36 1.43 1.41 1.35 1.12 1.14 1.30 
SD 0.33 0.52 0.52 0.89 1.07 1.54 1.58 1.44 1.15 0.81 0.53 0.94 
TN 0.96 0.96 0.93 1.33 1.09 1.33 1.61 1.68 1.30 0.99 0.88 1.19 
TX 0.94 1.05 1.05 1.17 1.51 1.80 2.06 1.90 1.63 1.21 1.12 1.40 
UT 0.56 0.54 0.74 0.75 1.22 1.48 1.58 1.41 1.10 0.92 0.77 1.01 
VA 0.88 0.83 0.84 1.20 1.25 1.64 1.86 1.87 1.43 1.03 0.91 1.25 
VISTAS 1.17 1.08 1.18 1.36 1.33 1.50 1.65 1.58 1.44 1.09 1.12 1.32 
VT 0.33 0.33 0.46 1.18 0.96 1.55 1.24 1.23 1.17 0.90 0.92 0.93 
WA 0.56 0.56 0.72 0.72 0.79 0.89 1.02 1.04 0.89 0.81 0.61 0.78 
WI 0.27 0.30 0.51 1.26 0.90 1.64 1.44 1.22 1.19 0.87 0.52 0.92 
WRAP 0.64 0.67 0.80 0.85 1.05 1.31 1.47 1.42 1.25 1.00 0.82 1.03 
WV 0.85 0.88 0.84 1.48 1.09 1.43 1.53 1.52 1.13 0.94 0.94 1.15 
WY 0.54 0.51 0.55 0.75 1.14 1.74 1.41 1.31 1.02 0.82 0.60 0.94 
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Table 3-11 Mixing Ratio Error (g/kg) by Month and by State and Region in the 12km Domain. 
 

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean 
ALL 0.66 0.68 0.77 0.86 1.09 1.38 1.67 1.52 1.34 0.99 0.85 1.07 
AZ 0.88 0.79 0.95 0.89 1.46 1.88 2.69 1.84 2.02 1.30 1.00 1.43 
CA 0.79 0.83 0.97 1.01 0.98 1.06 1.48 1.49 1.35 1.14 1.22 1.12 
CO 0.51 0.58 0.56 0.80 0.95 1.39 1.57 1.46 1.19 0.88 0.62 0.96 
ID 0.48 0.45 0.74 0.69 1.09 1.22 1.26 1.38 0.95 0.71 0.61 0.87 
NM 0.74 0.70 0.75 0.79 1.12 1.59 1.91 1.89 1.67 1.01 0.68 1.17 
NMED4KM 0.57 0.56 0.64 0.80 0.93 1.42 1.71 1.53 1.42 0.89 0.62 1.01 
NV 0.60 0.57 0.95 0.68 1.12 1.22 1.77 1.56 1.29 0.95 0.77 1.04 
UT 0.55 0.52 0.71 0.72 1.12 1.38 1.74 1.54 1.16 0.87 0.69 1.00 
WY 0.46 0.51 0.55 0.73 1.01 1.52 1.39 1.28 1.03 0.75 0.55 0.89 

 

Table 3-12 Mixing Rati
o 

Erro
r 

(g/kg) 
by 

r Month for 
the

4k
m 

i Domain.             

Region Jan '05  Feb '05  Mar '05 Apr '05 May 05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean  
ALL 0.59   0.70  0.68 0.82  1.01 1.49  1.91  1.49  1.70  1.01  0.69 1 .10
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Table 3-13: Wind Index of Agreement by Month and 
b

Stat and Region 
i

the 36km Domain.     

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul ' 05 Aug '05 Sep '05 Oct '05 Nov '05 Mean 
AK 0.55  0.59 0.55 0.60  0.50  0.47  0.53  0.52  0.52 0.48 0.50 0.53 
ALL 0.85  0.87 0.87 0.87  0.86  0.88  0.88  0.90  0.87 0.89 0.87 0.87 
AL 0.64  0.64 0.64 0.63  0.65  0.61  0.64  0.63  0.65 0.67 0.65 0.64 
AR 0.66  0.68 0.68 0.68  0.67  0.67  0.71  0.72  0.70 0.70 0.73 0.69 
AZ 0.72  0.67 0.72 0.72  0.73  0.71  0.68  0.75  0.73 0.74 0.74 0.72 
CA 0.73  0.75 0.76 0.73  0.76  0.76  0.77  0.78  0.78 0.79 0.80 0.76 
CENRAP 0.81  0.83 0.84 0.86  0.82  0.85  0.85  0.87  0.83 0.84 0.85 0.84 
CO 0.79  0.75 0.76 0.79  0.78  0.77  0.78  0.78  0.76 0.73 0.76 0.77 
CT 0.55  0.55 0.54 0.56  0.52  0.56  0.57  0.57  0.52 0.51 0.50 0.54 
DE 0.74  0.79 0.76 0.73  0.71  0.74  0.79  0.79  0.73 0.74 0.75 0.75 
FL 0.71  0.77 0.71 0.72  0.71  0.73  0.69  0.70  0.68 0.70 0.73 0.71 
GA 0.61  0.58 0.61 0.62  0.58  0.57  0.53  0.59  0.56 0.59 0.60 0.59 
IA 0.61  0.66 0.66 0.61  0.68  0.67  0.62  0.68  0.69 0.69 0.68 0.66 
ID 0.74  0.77 0.65 0.72  0.67  0.77  0.76  0.75  0.67 0.78 0.73 0.73 
IL 0.63  0.64 0.63 0.65  0.59  0.68  0.67  0.67  0.66 0.69 0.67 0.65 
IN 0.59  0.58 0.62 0.55  0.60  0.63  0.62  0.62  0.66 0.65 0.60 0.61 
KS 0.73  0.68 0.70 0.73  0.73  0.75  0.75  0.76  0.74 0.72 0.75 0.73 
KY 0.52  0.56 0.52 0.57  0.56  0.56  0.58  0.59  0.62 0.53 0.57 0.56 
LA 0.66  0.66 0.67 0.67  0.63  0.65  0.66  0.66  0.67 0.66 0.66 0.66 
MA 0.61  0.69 0.58 0.62  0.68  0.60  0.59  0.65  0.57 0.61 0.56 0.61 
MANE VU 0.70  0.76 0.72 0.66  0.77  0.70  0.76  0.69  0.70 0.67 0.69 0.71 
MD 0.58  0.60 0.59 0.59  0.61  0.56  0.56  0.52  0.58 0.61 0.54 0.58 
ME 0.55  0.57 0.60 0.53  0.53  0.54  0.59  0.53  0.56 0.56 0.52 0.55 
MI 0.66  0.63 0.67 0.63  0.65  0.68  0.59  0.66  0.70 0.65 0.63 0.65 
MN 0.66  0.67 0.71 0.68  0.66  0.70  0.69  0.64  0.70 0.68 0.69 0.68 
MO 0.67  0.67 0.67 0.68  0.62  0.70  0.68  0.67  0.68 0.65 0.71 0.67 
MS 0.62  0.59 0.60 0.61  0.60  0.54  0.56  0.63  0.65 0.61 0.59 0.60 
MT 0.77  0.79 0.80 0.77  0.73  0.76  0.77  0.79  0.76 0.78 0.75 0.77 
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MW 0.70 0.72 0.70 0.72 0.67 0.75 0.72 0.79 0.74 0.76 0.73 0.73 
NC 0.56 0.60 0.59 0.58 0.54 0.63 0.61 0.59 0.58 0.62 0.62 0.59 
ND 0.72 0.72 0.69 0.72 0.73 0.75 0.67 0.70 0.72 0.72 0.73 0.72 
NE 0.73 0.74 0.75 0.76 0.76 0.75 0.77 0.78 0.76 0.75 0.79 0.76 
NH 0.56 0.48 0.43 0.51 0.42 0.34 0.36 0.28 0.39 0.35 0.39 0.41 
NJ 0.56 0.58 0.54 0.61 0.59 0.52 0.52 0.54 0.53 0.61 0.57 0.56 
NMED4KM 0.79 0.77 0.77 0.79 0.79 0.78 0.78 0.79 0.78 0.79 0.77 0.78 
NM 0.77 0.79 0.77 0.77 0.78 0.78 0.78 0.77 0.78 0.76 0.75 0.77 
NV 0.72 0.74 0.77 0.72 0.74 0.71 0.74 0.74 0.74 0.74 0.78 0.74 
NY 0.71 0.71 0.73 0.69 0.75 0.72 0.74 0.69 0.71 0.69 0.69 0.71 
OH 0.62 0.60 0.61 0.62 0.62 0.64 0.60 0.66 0.63 0.65 0.64 0.63 
OK 0.68 0.67 0.71 0.66 0.65 0.67 0.69 0.72 0.71 0.67 0.70 0.68 
OR 0.75 0.72 0.74 0.73 0.72 0.75 0.77 0.77 0.73 0.77 0.77 0.75 
PA 0.62 0.64 0.62 0.64 0.65 0.65 0.66 0.68 0.66 0.66 0.66 0.65 
RI 0.68 0.68 0.67 0.67 0.69 0.71 0.71 0.76 0.72 0.70 0.70 0.70 
SC 0.58 0.61 0.61 0.64 0.55 0.57 0.61 0.59 0.58 0.57 0.57 0.59 
SD 0.76 0.75 0.76 0.77 0.77 0.77 0.77 0.76 0.73 0.75 0.77 0.76 
TN 0.57 0.57 0.61 0.60 0.61 0.55 0.66 0.64 0.60 0.63 0.67 0.61 
TX 0.73 0.76 0.77 0.76 0.79 0.76 0.75 0.77 0.81 0.75 0.78 0.77 
UT 0.66 0.66 0.73 0.75 0.74 0.69 0.75 0.74 0.73 0.74 0.75 0.72 
VA 0.58 0.61 0.63 0.61 0.65 0.62 0.65 0.65 0.58 0.66 0.64 0.63 
VISTAS 0.71 0.76 0.77 0.73 0.75 0.73 0.74 0.76 0.79 0.76 0.77 0.75 
VT 0.49 0.51 0.50 0.50 0.49 0.50 0.50 0.51 0.51 0.51 0.50 0.50 
WA 0.71 0.78 0.74 0.80 0.72 0.72 0.79 0.76 0.80 0.79 0.75 0.76 
WI 0.61 0.62 0.60 0.59 0.64 0.62 0.63 0.61 0.65 0.59 0.62 0.62 
WRAP 0.85 0.84 0.86 0.85 0.86 0.85 0.84 0.87 0.86 0.86 0.87 0.86 
WV 0.53 0.49 0.55 0.52 0.54 0.55 0.57 0.58 0.58 0.56 0.54 0.55 
WY 0.77 0.72 0.76 0.75 0.69 0.74 0.76 0.76 0.71 0.74 0.72 0.74 
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Table 3-14: Wind Index of Agreement by Month and by 
St t

and Region in the in 12km Domain.    

Region Jan '05 Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean 
ALL 0.87 0.86 0.88 0.87 0.85 0.87 0.89 0.85 0.88 0.87 0.88 0.87 
AZ 0.73 0.67 0.73 0.72 0.72 0.71 0.68 0.74 0.72 0.73 0.74 0.72 
CA 0.77 0.79 0.78 0.76 0.79 0.80 0.80 0.81 0.81 0.83 0.83 0.80 
CO 0.83 0.82 0.81 0.83 0.81 0.81 0.80 0.81 0.79 0.79 0.79 0.81 
ID 0.73 0.65 0.71 0.76 0.61 0.78 0.66 0.76 0.75 0.75 0.69 0.71 
NMED4KM 0.81 0.80 0.81 0.81 0.82 0.80 0.83 0.82 0.80 0.81 0.80 0.81 
NM 0.77 0.81 0.78 0.80 0.79 0.81 0.81 0.81 0.80 0.79 0.78 0.80 
NV 0.71 0.71 0.76 0.71 0.75 0.71 0.76 0.74 0.74 0.75 0.78 0.74 
UT 0.71 0.72 0.77 0.77 0.74 0.76 0.78 0.76 0.74 0.76 0.78 0.75 
WY 0.78 0.79 0.79 0.78 0.78 0.79 0.80 0.78 0.75 0.77 0.80 0.78 

 

Table 3-15 : Wind Inde of Agreement by Month in the 4km Domain.             

Region  Jan '05  Feb '05 Mar '05 Apr '05 May '05 Jun '05 Jul '05 Aug '05 Sep '05 Oct '05 Nov '05 Mean  
ALL  0.83   0.82 0.79 0.78 0.80 0.80  0.80  0.81  0.80  0.81  0.79 0 .80
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Figure 3-1: Regional Planning Organization (RPO) Boundaries. 
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Figure 3-2: CPC Analyzed Precipitation for January 2005 over the 36km Domain. 

 
Figure 3-3: MM5 Estimated Precipitation for January 2005 over the 36km Domain. 
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Figure 3-4: CPC Analyzed Precipitation for February 2005 over the 36km Domain. 

 

Figure 3-5: MM5 Estimated Precipitation for February 2005 over the 36km Domain. 

 

3-26



Figure 3-6: CPC Analyzed Precipitation for March 2005 over the 36km Domain. 

 
Figure 3-7: MM5 Estimated Precipitation for March 2005 over the 36km Domain. 
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Figure 3-8: CPC Analyzed Precipitation for April 2005 over the 36km Domain. 

 
Figure 3-9: MM5 Estimated Precipitation for April 2005 over the 36km Domain. 
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Figure 3-10: CPC Analyzed Precipitation for May 2005 over the 36km Domain. 

 
Figure 3-11: MM5 Estimated Precipitation for May 2005 over the 36km Domain. 
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Figure 3-12: CPC Analyzed Precipitation for June 2005 over the 36km Domain. 

 
Figure 3-13: MM5 Estimated Precipitation for June 2005 over the 36km Domain. 
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Figure 3-14: CPC Analyzed Precipitation for July 2005 over the 36km Domain. 

 
Figure 3-15: MM5 Estimated Precipitation for July 2005 over the 36km Domain. 
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Figure 3-16: CPC Analyzed Precipitation for August 2005 over the 36km Domain. 

 
Figure 3-17: MM5 Estimated Precipitation for August 2005 over the 36km Domain. 
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Figure 3-18: CPC Analyzed Precipitation for September 2005 over the 36km Domain. 

 
Figure 3-19: MM5 Estimated Precipitation for September 2005 over the 36km Domain. 
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Figure 3-20: CPC Analyzed Precipitation for October 2005 over the 36km Domain. 

 
Figure 3-21: MM5 Estimated Precipitation for October 2005 over the 36km Domain. 
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Figure 3-22: CPC Analyzed Precipitation for November 2005 over the 36km Domain. 

 
Figure 3-23: MM5 Estimated Precipitation for November 2005 over the 36km Domain. 

 



Figure 3-24: CPC Analyzed Precipitation for December 2005 over the 36km Domain. 

 

Figure 3-25: MM5 Estimated Precipitation for December 2005 over the 36km Domain. 
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Figure 3-26: CPC Analyzed Precipitation for January 2005 over the 12km Domain. 

 
Figure 3-27: MM5 Estimated Precipitation for January 2005 over the 12km Domain. 
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Figure 3-28: CPC Analyzed Precipitation for February 2005 over the 12km Domain. 

 
Figure 3-29: MM5 Estimated Precipitation for February 2005 over the 12km Domain. 

 



Figure 3-30: CPC Analyzed Precipitation for March 2005 over the 12km Domain. 

 
Figure 3-31: MM5 Estimated Precipitation for March 2005 over the 12km Domain. 

 

3-39



Figure 3-32: CPC Analyzed Precipitation for April 2005 over the 12km Domain. 

 
Figure 3-33: MM5 Estimated Precipitation for April 2005 over the 12km Domain. 
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Figure 3-34: CPC Analyzed Precipitation for May 2005 over the 12km Domain. 

 
Figure 3-35: MM5 Estimated Precipitation for May 2005 over the 12km Domain. 
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Figure 3-36: CPC Analyzed Precipitation for June 2005 over the 12km Domain. 

 
Figure 3-37: MM5 Estimated Precipitation for June 2005 over the 12km Domain. 
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Figure 3-38: CPC Analyzed Precipitation for July 2005 over the 12km Domain. 

 
Figure 3-39: MM5 Estimated Precipitation for July 2005 over the 12km Domain. 
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Figure 3-40: CPC Analyzed Precipitation for August 2005 over the 12km Domain. 

 
Figure 3-41: MM5 Estimated Precipitation for August 2005 over the 12km Domain. 
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Figure 3-42: CPC Analyzed Precipitation for September 2005 over the 12km Domain. 

 
Figure 3-43: MM5 Estimated Precipitation for September 2005 over the 12km Domain. 
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Figure 3-44: CPC Analyzed Precipitation for October 2005 over the 12km Domain. 

 
Figure 3-45: MM5 Estimated Precipitation for October 2005 over the 12km Domain. 
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Figure 3-46: CPC Analyzed Precipitation for November 2005 over the 12km Domain. 

 
Figure 3-47: MM5 Estimated Precipitation for November 2005 over the 12km Domain. 
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Figure 3-48: CPC Analyzed Precipitation for December 2005 over the 12km Domain. 

 
Figure 3-49: MM5 Estimated Precipitation for December 2005 over the 12km Domain. 
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Figure 3-50: CPC Analyzed Precipitation for January 2005 over the 4km Domain. 

 

Figure 3-51: MM5 Estimated Precipitation for January 2005 over the 4km Domain. 
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Figure 3-52: CPC Analyzed Precipitation for February 2005 over the 4km Domain. 

 

Figure 3-53:  MM5 Estimated Precipitation for February 2005 over the 4km Domain. 
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Figure 3-54: CPC Analyzed Precipitation for March 2005 over the 4km Domain. 

 

Figure 3-55:  MM5 Estimated Precipitation for March 2005 over the 4km Domain. 
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Figure 3-56: CPC Analyzed Precipitation for April 2005 over the 4km Domain. 

 

Figure 3-57: MM5 Estimated Precipitation for April 2005 over the 4km Domain. 
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Figure 3-58: CPC Analyzed Precipitation for May 2005 over the 4km Domain. 

 

Figure 3-59:  MM5 Estimated Precipitation for May 2005 over the 4km Domain. 
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Figure 3-60: CPC Analyzed Precipitation for June 2005 over the 4km Domain. 

 

Figure 3-61: MM5 Estimated Precipitation for June 2005 over the 4km Domain. 
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Figure 3-62: CPC Analyzed Precipitation for July 2005 over the 4km Domain. 

 
Figure 3-63: MM5 Estimated Precipitation for July 2005 over the 4 km Domain. 
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Figure 3-64: CPC Analyzed Precipitation for August 2005 over the 4km Domain. 

 

Figure 3-65: MM5 Estimated Precipitation for August 2005 over the 4km Domain. 
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Figure 3-66: CPC Analyzed Precipitation for September 2005 over the 4km Domain. 

 

Figure 3-67:  MM5 Estimated Precipitation for September 2005 over the 4km Domain. 
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Figure 3-68: CPC Analyzed Precipitation for October 2005 over the 4km Domain. 

 

Figure 3-69: MM5 Estimated Precipitation for October 2005 over the 4km Domain. 
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Figure 3-70: CPC Analyzed Precipitation for November 2005 over the 4km Domain. 

 

Figure 3-71:  MM5 Estimated Precipitation for November 2005 over the 4km Domain. 

 

3-59



Figure 3-72: CPC Analyzed Precipitation for December 2005 over the 4km Domain. 

 

Figure 3-73:  MM5 Estimated Precipitation for December 2005 over the 4km Domain. 
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4    Comparison with Other Annual MM5 Simulations 

This section presents a comparison of this 36 km MM5 simulation with other 36km 
annual meteorological simulations that have been completed during the past several years 
by Alpine Geophysics and other researchers (Tables 4-1 through 4-5). This section also 
compares the performance of this 2005 simulation with two other years of MM5 
simulation for 2003 and 2004 for the same 36km, 12km, and 4km grid domains (Tables 
4-1 through 4-10). 

4.1     Comparison to Other Annual 36km Simulations 

Comparisons between the Alpine MM5 simulations and those of contemporaneous 
researchers were conducted. All of the Alpine MM5 simulations as well as those of the 
other researchers were performed at a 36km grid resolution using the same horizontal and 
vertical grid definitions as the 36km grid simulations presented in this report. The 
simulations compared include the 2001 EPA (McNally and Tesche, 2003), 2002 WRAP 
(Kemball-Cook, Jia, et. al., 2005), 2002 VISTAS (Olerud and Sims, 2004) and the 2003 
Midwest RPO (Baker and Johnson, 2005) studies. The current study will be referred 
herein as the NMED 2005 study because the MM5 application was performed under 
contract to the New Mexico Environment Department (NMED) (and funded by GIANT 
Refining) and was performed for the 2005 data set. The analysis of these simulations was 
performed using the TDL surface observation database subdivided by region (CENRAP, 
MANE_VU, MW, VISTAS, and WRAP) and the Alpine Geophysics, MAPS analysis 
package (McNally and Tesche, 1994). 

Emery and co-workers (2001), have derived and proposed a set of daily performance 
"benchmarks" for typical meteorological model performance. These standards were 
based upon the evaluation of about 30 MM5 and RAMS meteorological simulations in 
support of air quality applications performed over several years and reported by Tesche et 
al. (2001). The purpose of these benchmarks was not to give a passing or failing grade to 
any one particular meteorological model application, but rather to put its results into the 
proper context of other models and meteorological data sets. The key to the benchmarks 
is to understand how good or poor the results are relative to other model applications run 
for various areas of the U.S. These benchmarks include bias and error in temperature and 
mixing ratio as well the Wind Speed Index of Agreement (IA) between the models and 
data bases.  The benchmark for acceptability for each variable was: 

• Temperature bias - +/- 0.5 K 
• Temperature error - 2.0 K 
• Mixing ratio bias - +/- 1.0 g/kg 
• Mixing ratio error - 2.0 g/kg 
• Wind Speed Index of Agreement - 0 = worst, 1 = best 

4- 1 



Temperature bias for both the entire domain and for each RPO for the five studies and the 
three years of NMED data is presented in Table 4-1. This NMED 2005 MM5 application 
was just greater than the temperature bias benchmark of +/- 0.5 K with a 0.52 K average 
over all of the regions (ALL in Table 4-1). When comparing the NMED 2005 
performance to other study simulations, this NMED 2005 simulation slightly 
overestimated the temperature bias for the Western U.S., 0.13 K (see the WRAP column 
in Table 4-1), but within the benchmark which is important in this evaluation to 
determine viability of the data for use in the companion dispersion modeling that will 
ensue. This NMED 2005 simulation performed satisfactorily in comparison to other 
studies in other parts of the U.S., but was greater than the benchmark in three regions, 
namely, the CENRAP, MW, and VISTAS regions at 0.86, 0.58 and 0.75 K, respectively. 

Temperature error is presented in Table 4-2. For this NMED 2005 application of MM5 
the temperature error was generally somewhat higher than the other annual simulation 
studies over each region but consistent within the three years of simulation produced 
within this NMED study. As with the other simulations the MM5 results for this analysis 
are somewhat greater than the benchmark of 2.0 K. Table 4-2 shows the temperature 
error for the NMED 2005 MM5 simulation was 2.28 K over ALL study areas. The 
2.74K for the WRAP RPO was comparable to other simulations. As with the other 
studies, the temperature error in this NMED 2005 study is rather consistent across all 
regions and varied the most in the WRAP region. 

Mixing ratio bias is presented in Table 4-3. The domain-wide bias for this NMED 2005 
MM5 simulation was 0.17 g/kg (see the ALL category in Table 4-3) which is much less 
than the benchmark of +/- 1.0 g/kg. The NMED mixing ratio bias was comparable to 
overall performance of the other studies and other years in this NMED study. On a sub-
regional basis this NMED 2005 simulation was comparable with the other simulations. 

Table 4-4 presents the mixing ratio error comparisons between the five studies, the other 
two years of NMED simulation, and the five regions. As with the mixing ratio bias, the 
domain-wide and sub-regional values for the NMED 2005 simulations are well under the 
benchmark of 2.0 g/kg and thus, expected to be reasonable representations of the mixing 
ratios. The NMED 2005 MM5 simulations resulted in mixing ratio errors that were 
comparable with the other annual MM5 applications by other researchers and to the other 
NMED simulation years. 

Wind Speed Index of Agreement (IA) is presented in Table 4-5. The domain-wide IA for 
the NMED 2005 simulations was 0.87 (shown under ALL in Table 4-5) which is higher 
than the minimally acceptable benchmark of 0.6 and close to the best performing IA 
statistic of 1.0. This was comparable to all other annual simulations. The NMED 2005 
simulation is comparable in performance to other studies over each of the sub-regions. 
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4.2    Comparison to Other Annual 12km Simulations 

No other consistent model evaluations for 12km scale grid domain simulations over this 
domain were available for comparison to those conducted in this study. The results of 
these 2005 annual simulations could, however, be compared to other years of simulation 
in this study (NMED) whereby the annual temperature, mixing ratio, and wind speed 
indices were compared to observations. This would give an indication of the 
representativeness of the data in terms of the benchmarks as well as between years. 
Tables 4-6 through 4-10 present the comparisons for the 12 km grid MM5 simulations. 

Mixing ratio bias over the 12km simulation domain is presented in Table 4-6. The 
domain-wide bias for this NMED 2005 MM5 simulation was 0.03 g/kg (see the ALL 
category under Mean for NMED 2005 in Table 4-6) which is much less than the 
benchmark of +/- 1.0 g/kg. The mean mixing ratio bias was within the range of the 
benchmark for of four of the Four corners states for NMED 2005. For Arizona the 
mixing ratio bias was greater than 1.0 g/kg in May, June, July, and September with an 
acceptable overall annual average of 0.66 g/kg. A comparison to other years of MM5 
simulation data for NMED 2003 and NMED 2004 show similar results for the overall 
12km domain as well as each state. 

Mixing ratio error over the 12km simulation domain is presented in Table 4-7. The 
domain-wide bias for this NMED 2005 MM5 simulation was 1.07 g/kg (see the ALL 
category under Mean for NMED 2005 in Table 4-7) which is less than the benchmark of 
2.0 g/kg. The mixing ratio error is well within the range of the benchmark for all of the 
Four Corners states. For Arizona the mixing ratio error is slightly greater than the 
benchmark for this NMED 2005 data set in July and September. All other months for 
Arizona are less than the benchmark as is the mean over all months. A comparison to 
other years of MM5 simulation data for NMED 2003 and NMED 2004 shows similar 
mixing ratio error results for the overall 12km domain as well as each state. 

Temperature bias over both the entire 12km domain and for each State in the Four 
Corners region is presented in Table 4-8. This NMED 2005 MM5 simulation had a 
temperature bias on an annual average of 0.14 K (ALL and Mean in Table 4-8, well 
within the acceptability benchmark of +/- 0.5 K. Month-to-month variability of the 
temperature bias was within the benchmark with January and November being 
overestimated and June underestimated. Review of the state temperature bias indicated 
that the summer months were underestimated and the winter months overestimated for 
the four states. When comparing temperature bias for the NMED 2005 simulations to 
other years, the NMED 2005 simulations generally were closer to the temperatures than 
the other years. On a month-to-month comparison between the years of simulation, the 
NMED 2005 results were generally comparable. 

Temperature error over the 12km domain is presented in Table 4-9. For this comparison 
of MM5 simulation the temperature error was similar for all three years of simulation 
across each month and for each state as well as the overall 12km domain. In all cases 
(except February in Arizona for the NMED 2005 MM5 simulation) the temperature error 
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was greater than the benchmark of 2.0 K. The temperature error in this NMED 2005 
simulation is consistent across the months of simulation in each State. 

Wind Speed Index of Agreement (IA) is presented in Table 4-10 over the 12km domain. 
The domain-wide IA for the NMED 2005 12km simulations was 0.87 (shown under ALL 
and Mean in Table 4-10 for the NMED 2005 data set) which compares favorably with the 
best score of 1.0. The IA was comparable across all states for the NMED 2005 and also 
comparable to the NMED 2003 and NMED 2004 data sets. 

4.3    Comparison to Other Annual 4km Simulations 

The 4km domain covered only portions of each of the Four Corners states. Thus, no state 
temperature, mixing ratio, or winds were available for an individual state. Rather 
comparisons were made for the overall 4km domain and are shown in Tables 4-11 
through 4-15. 

Mixing ratio bias over the 4km simulation domain is presented in Table 4-11. The 
domain-wide bias for this NMED 2005 MM5 simulation was 0.24 g/kg (see NMED 2005 
in Table 4-11) which is much less than the benchmark of +/- 1.0 g/kg. The mixing ratio 
bias means are similar for the three years of simulation. On a monthly basis the mixing 
ratio bias is just greater than the benchmarks for NMED 2005 in July and September and 
for NMED 2003 in July. All other months for the individual years of simulation are less 
than the benchmark of +/- 1.0 g/kg. 

Mixing ratio error over the 4km simulation domain is presented in Table 4-12 The 
domain-wide bias for this NMED 2005 MM5 simulation was 1.10 g/kg (see NMED 2005 
in Table 4-12) which is less than the benchmark of 2.0 g/kg. The mixing ratio bias is well 
within the range of the benchmark for all of the years of data and for each month. 

Temperature bias over both the entire 4km domain is presented in Table 4-13. The 
NMED 2005 MM5 simulation had a temperature bias on an annual average of 1.07 K as 
shown in Table 4-13, greater than the guideline benchmark of+/- 0.5 K. Several months 
in the NMED 2005 data set had a temperature bias greater than 1.0 K. Comparison to 
NMED 2003 and NMED 2004 data show a similar month-to-month pattern of 
temperature bias. 

Temperature error over the 4km domain is presented in Table 4-12. For this NMED 2005 
application of MM5 the temperature error was similar over all the months of the 
simulation. Comparison of the means for the three years shows comparable results as 
does the month-to-month variation. In all cases the temperature error was greater than 
the benchmark of 2.0 K. 
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Wind Speed Index of Agreement (IA) is presented in Table 4-15 over the 4km domain. 
The domain-wide IA mean for the NMED 2005 4km simulations was 0.80 as it also was 
for the NMED 2003 and NMED 2004 simulations which compares favorably with the 
best score of 1.0 and is higher than the acceptability benchmark of 0.6. The IA was 
comparable across all three years of data simulation for each month. 
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Table 4-1: Temperature Bias (K) For 36km Annual MM5 Simulations. 
 

 ALL CENRAP MANE_VU MW VISTAS WRAP 
EPA 2001 -0.51 -0.26 -0.40 -0.31 -0.25 -1.10 
WRAP 2002 -0.12 0.14 -0.15 -0.11 0.05 -0.49 
VISTAS 2002 -0.05 0.14 0.00 0.05 0.24 -0.55 
MRPO 2003 -0.15 0.11 -0.17 -0.10 0.18 -0.67 
NMED 2005 0.52 0.86 0.15 0.58 0.75 0.13 
NMED 2004 0.49 0.79 0.27 0.55 0.73 0.07 
NMED 2003 0.27 0.54 0.21 0.28 0.65 -0.26 

Table 4-2: Temperature Error (K) for 36km Annual MM5 Simulations. 
 

 ALL CENRAP MANE_VU MW VISTAS WRAP 
EPA 2001 2.04 1.77 1.85 1.63 1.92 2.70 
WRAP 2002 2.10 1.85 1.80 1.74 1.93 2.79 
VISTAS 2002 2.02 1.76 1.80 1.72 1.84 2.67 
MRPO 2003 2.17 1.94 1.86 1.92 1.98 2.82 
NMED 2005 2.28 2.20 2.05 2.05 2.10 2.74 
NMED 2004 2.26 2.13 1.99 2.01 2.11 2.75 
NMED 2003 2.23 2.07 1.97 1.97 2.06 2.73 

Table 4-3: Mixing Ratio Bias (g/kg) for 36km Annual MM5 Simulations. 
 

 ALL CENRAP MANE_VU MW VISTAS WRAP 
EPA 2001 -0.11 -0.24 -0.06 -0.22 0.06 -0.08 
WRAP 2002 -0.09 -0.34 0.08 -0.11 0.20 -0.09 
VISTAS 2002 0.01 -0.07 0.19 0.13 0.02 -0.04 
MRPO 2003 0.22 0.11 0.30 0.29 0.49 0.05 
NMED 2005 0.17 -0.02 0.54 0.24 0.47 -0.08 
NMED 2004 0.07 -0.09 0.36 0.19 0.38 -0.20 
NMED 2003 0.05 -0.18 0.35 0.17 0.35 -0.13 

 

Table 4-4: Mixing Ratio Error (g/kg) for 
36k

Annual MM5 Simulations. 
 ALL CENRAP MANE VU MW VISTAS WRAP 
EPA 2001 1.02 1.09 0.80 0.85 1.13 1.04 
WRAP 2002 1.03 1.17 0.82 0.93 1.16 0.94 
VISTAS 2002 0.94 0.98 0.78 0.82 1.13 0.90 
MRPO 2003 0.96 0.98 0.78 0.82 1.14 0.97 
NMED 2005 1.12 1.20 0.96 0.97 1.32 1.03 
NMED 2004 1.05 1.11 0.89 0.85 1.29 0.99 
NMED 2003 1.03 1.09 0.86 0.85 1.22 1.00 
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Table 4-5: Wind Index of Agreement for 36km Annual MM5 Simulation. 
 

 ALL CENRAP MANE VU MW VISTAS WRAP 
EPA 2001 0.88 0.85 0.69 0.75 0.77 0.86 
WRAP 2002 0.93 0.92 0.81 0.84 0.84 0.92 
VISTAS 2002 0.90 0.88 0.71 0.78 0.79 0.89 
MRPO 2003 0.90 0.88 0.72 0.78 0.80 0.88 
NMED 2005 0.87 0.84 0.71 0.73 0.75 0.86 
NMED 2004 0.90 0.88 0.76 0.77 0.79 0.88 
NMED 2003 0.90 0.88 0.76 0.77 0.79 0.88 
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Table 4-6: Mixing Ratio Bias (g/kg) over the 12km MM5 Domain and Four-Corner States. 
 

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
NMED 2003              
ALL 0.09 -0.04 -0.01 0.08 -0.14 -0.18 0.08 -0.02 -0.34 -0.12 -0.19 0.02 -0.06 
AZ -0.12 -0.15 -0.26 0.26 0.53 0.57 0.54 0.26 0.18 0.48 -0.20 0.03 0.18 
CO 0.26 0.04 0.10 0.15 -0.09 -0.14 0.63 -0.05 -0.36 0.04 -0.15 0.01 0.04 
NM 0.48 0.29 0.26 0.41 0.57 0.85 0.96 0.34 0.12 0.39 0.10 0.25 0.42 
UT 0.15 0.04 0.27 0.25 0.06 0.47 1.24 0.46 0.46 0.42 -0.06 0.13 0.32 
NMED 2004              
ALL -0.07 -0.08 0.03 -0.12 -0.12 -0.16 -0.23 -0.38 -0.33 -0.08 -0.15 -0.06 -0.15 
AZ -0.29 -0.14 -0.06 0.08 0.86 1.04 0.77 0.39 0.13 0.20 -0.21 -0.37 0.20 
CO -0.09 -0.09 0.26 -0.05 -0.42 -0.13 -0.54 -0.76 -0.60 -0.20 -0.10 0.01 -0.23 
NM 0.03 0.08 0.20 -0.03 0.52 0.93 0.22 -0.09 -0.13 -0.06 -0.04 -0.09 0.13 
UT 0.24 0.10 0.77 0.27 -0.05 0.48 0.84 0.50 0.47 0.26 -0.13 0.08 0.32 
NMED 2005              
ALL 0.11 0.02 0.01 0.01 -0.07 -0.10 0.29 0.03 0.13 -0.10 0.02  0.03 
AZ -0.24 -0.16 -0.13 0.54 1.17 1.55 1.75 0.32 1.07 0.70 0.71  0.66 
CO 0.15 0.08 0.10 0.23 -0.12 -0.46 0.24 -0.57 -0.10 -0.37 -0.08  -0.08 
NM 0.10 -0.08 -0.07 0.22 0.22 0.60 0.60 -0.81 0.43 -0.08 0.47  0.15 
UT 0.10 0.04 0.37 0.11 -0.35 -0.13 0.68 0.25 0.22 -0.07 -0.14  0.10 
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Table 4-7: Mixing Ratio Error (g/kg) over the 12km MM5 Domain and Four-Corner States.    

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
NMED 2003              
ALL 0.68 0.63 0.75 0.79 1.07 1.30 1.73 1.53 1.31 1.15 0.76 0.65 1.03 
AZ 0.74 0.76 0.84 0.75 1.17 1.38 1.99 2.04 1.73 1.44 0.80 0.66 1.19 
CO 0.55 0.47 0.61 0.85 1.14 1.23 1.73 1.46 1.05 0.79 0.56 0.46 0.91 
NM 0.72 0.66 0.73 0.86 1.19 1.59 1.94 1.51 1.34 1.18 0.85 0.51 1.09 
UT 0.57 0.51 0.62 0.66 0.99 1.25 2.13 1.64 1.16 0.93 0.61 0.50 0.96 
NMED 2004              
ALL 0.63 0.61 0.97 0.92 1.08 1.36 1.61 1.45 1.31 0.94 0.72 0.64 1.02 
AZ 0.74 0.64 1.00 0.91 1.19 1.49 1.81 1.80 1.59 1.02 0.76 0.71 1.14 
CO 0.46 0.48 0.77 0.78 1.05 1.27 1.64 1.47 1.15 0.79 0.56 0.45 0.91 
NM 0.53 0.61 0.86 0.95 1.30 1.75 1.79 1.53 1.34 1.10 0.66 0.60 1.09 
UT 0.45 0.40 1.11 0.78 0.92 1.44 1.74 1.42 1.20 0.77 0.59 0.46 0.94 
NMED 2005              
ALL 0.66 0.68 0.77 0.86 1.09 1.38 1.67 1.52 1.34 0.99 0.85  1.07 
AZ 0.88 0.79 0.95 0.89 1.46 1.88 2.69 1.84 2.02 1.30 1.00  1.43 
CO 0.51 0.58 0.56 0.80 0.95 1.39 1.57 1.46 1.19 0.88 0.62  0.96 
NM 0.74 0.70 0.75 0.79 1.12 1.59 1.91 1.89 1.67 1.01 0.68  1.17 
UT 0.55 0.52 0.71 0.72 1.12 1.38 1.74 1.54 1.16 0.87 0.69  1.00 
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Table 4-8: Temperature Bias (K) over the 12km MM5 Domai in and Four-Corner States.    

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
NMED 2003              
ALL 0.66 -0.10 -0.68 -1.15 -0.71 -0.88 -0.91 -0.85 0.17 0.87 0.19 0.83 -0.21 
AZ 0.65 -0.12 -0.25 -1.49 -1.20 -1.59 -1.66 -1.36 -0.36 0.29 0.15 0.96 -0.50 
CO 0.55 -0.68 -2.11 -2.20 -0.75 -0.59 -0.75 -0.63 0.33 0.80 -0.14 0.99 -0.43 
NM 0.32 -0.13 -0.53 -1.06 -0.81 -1.05 -1.32 -0.96 -0.45 0.52 0.11 1.08 -0.36 
UT 0.91 -1.04 -1.78 -1.35 -0.61 -1.20 -1.27 -0.70 0.54 1.51 -0.02 0.93 -0.34 
NMED 2004              
ALL 1.02 0.20 -0.08 -0.34 -0.66 -0.59 -0.27 -0.02 0.11 0.22 0.72 0.84 0.10 
AZ 0.73 0.14 -0.03 -0.98 -1.63 -1.32 -0.87 -0.52 -0.78 -0.41 -0.07 0.61 -0.43 
CO 1.47 -0.04 -1.04 -1.08 -0.17 0.00 0.25 0.22 0.07 -0.17 0.26 0.58 0.03 
NM 0.70 0.48 0.17 -0.03 -0.24 -0.68 -0.11 0.19 -0.09 0.02 0.34 1.01 0.15 
UT 1.90 0.14 -0.72 -0.45 -0.53 -0.45 -0.44 -0.16 0.18 0.33 1.03 1.09 0.16 
NMED 2005              
ALL 0.94 0.41 -0.16 -0.42 -0.41 -0.53 -0.21 0.32 0.26 0.39 0.90  0.14 
AZ 0.59 -0.30 -0.36 -0.97 -1.43 -1.70 -1.44 -0.48 -0.44 -0.52 0.77  -0.57 
CO 0.68 -0.06 -1.42 -0.94 -0.30 -0.01 -0.14 0.45 0.38 0.32 0.46  -0.05 
NM 0.64 0.08 -0.15 -0.06 -0.07 -0.40 -0.66 0.12 0.03 0.25 0.89  0.06 
UT 0.76 0.34 -0.63 -0.97 -0.25 -0.32 0.07 0.45 0.87 1.00 1.40  0.25 
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Table 4-9: Temperature Error (K) over the 12km MM5 Domain and Four-Corner States.    

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
NMED 2003              
ALL 2.98 2.48 2.68 2.67 2.52 2.57 2.84 2.64 2.84 3.27 2.62 2.79 2.74 
AZ 3.00 2.20 2.39 2.71 2.75 2.75 2.83 2.77 2.88 3.06 2.62 2.94 2.74 
CO 3.69 2.79 3.50 3.64 2.82 2.73 3.23 2.62 2.86 3.50 2.94 3.53 3.15 
NM 3.14 2.40 2.70 2.94 2.76 2.73 2.70 2.46 2.49 2.89 2.78 3.10 2.76 
UT 2.93 2.46 2.87 2.85 2.81 3.06 3.52 2.85 3.31 3.62 2.17 2.79 2.94 
NMED 2004              
ALL 2.99 2.52 2.93 2.57 2.69 2.62 2.61 2.60 2.74 2.55 2.61 3.02 2.70 
AZ 2.36 2.26 2.64 2.43 2.98 2.79 2.59 2.56 2.61 2.53 2.24 2.69 2.56 
CO 3.71 2.92 3.33 2.91 3.04 2.88 2.85 2.78 2.75 2.82 2.73 3.48 3.02 
NM 2.74 2.51 2.52 2.24 2.79 2.78 2.62 2.38 2.46 2.51 2.36 3.12 2.59 
UT 3.67 2.58 3.42 2.42 2.78 3.02 3.05 2.95 3.04 2.55 2.53 3.04 2.92 
NMED 2005              
ALL 2.83 2.56 2.70 2.69 2.47 2.52 2.77 2.64 2.81 2.78 3.12  2.72 
AZ 2.21 1.85 2.48 2.88 3.04 3.19 3.16 2.57 2.77 2.77 3.08  2.73 
CO 3.26 3.06 3.29 3.17 2.93 2.80 3.11 2.69 2.93 2.90 3.32  3.04 
NM 2.75 2.11 2.58 2.86 2.54 2.66 2.55 2.37 2.65 2.55 3.30  2.63 
UT 2.74 2.70 2.88 2.75 2.46 2.68 3.15 2.90 3.19 2.96 3.11  2.87 
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Table 4-10: Wind Index of Agreement over 
th

; 12km MM5 Domain and Four-Corner States.    

Region Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
NMED 2003              
ALL 0.88 0.89 0.88 0.89 0.90 0.90 0.90 0.90 0.89 0.89 0.88 0.88 0.89 
AZ 0.73 0.77 0.77 0.78 0.74 0.76 0.74 0.72 0.73 0.74 0.75 0.75 0.75 
CO 0.84 0.83 0.83 0.80 0.83 0.84 0.85 0.84 0.85 0.87 0.84 0.85 0.84 
NM 0.86 0.83 0.83 0.80 0.80 0.81 0.80 0.80 0.84 0.84 0.82 0.83 0.82 
UT 0.79 0.76 0.77 0.80 0.79 0.81 0.78 0.80 0.81 0.81 0.78 0.80 0.79 
NMED 2004              
ALL 0.88 0.89 0.89 0.9 0.9 0.91 0.89 0.89 0.89 0.88 0.89 0.88 0.89 
AZ 0.75 0.77 0.76 0.77 0.76 0.72 0.71 0.7 0.73 0.75 0.75 0.78 0.75 
CO 0.84 0.84 0.82 0.8 0.84 0.85 0.83 0.82 0.82 0.82 0.84 0.85 0.83 
NM 0.85 0.83 0.85 0.82 0.82 0.82 0.8 0.8 0.82 0.82 0.86 0.86 0.83 
UT 0.72 0.78 0.78 0.81 0.81 0.79 0.77 0.79 0.79 0.79 0.78 0.77 0.78 
NMED 2005              
ALL 0.87 0.86 0.88 0.87 0.85 0.87 0.89 0.85 0.88 0.87 0.88  0.87 
AZ 0.73 0.67 0.73 0.72 0.72 0.71 0.68 0.74 0.72 0.73 0.74  0.72 
CO 0.83 0.82 0.81 0.83 0.81 0.81 0.80 0.81 0.79 0.79 0.79  0.81 
NM 0.77 0.81 0.78 0.80 0.79 0.81 0.81 0.81 0.80 0.79 0.78  0.80 
UT 0.71 0.72 0.77 0.77 0.74 0.76 0.78 0.76 0.74 0.76 0.78  0.75 
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Table 4-11: Mixing Ratio Bias (g/kg) over 4km MM5 Domain. 
 

Simulation Jan  Feb Mar  Apr  May Jun Jul Aug  Sep Oct Nov Dec  Mean 
NMED 2003 0 .0 -0.09 -0. 20 0 .0 0.43 0.51 1.24 0 .76 0.32 0.49 -0.21 -0 .0 0.27 
NMED 2004 -0 .1 -0.12 -0. 18 -0 .2 -0.07 0.72 0.62 0 .15 0.13 -0.05 -0.25 -0 .1 0.03 
NMED 2005 -0 .1 -0.29 -0. 28 -0 .2 0.05 0.52 1.37 0 .33 1.08 0.00 0.14   0.24 

 

Table 4-12: Mixin Ratio Error (g/kg) ove
r

th
e

4km MM5 Domain.          

Simulation  Jan  Feb Mar Apr  May Jun Jul Aug  Sep Oct Nov  Dec  Mean 
NMED 2003  0 .5 0.55 0.67 0 .7 1.18 1.37 1.88 1 .56 1.18 1.05 0 72 0 .5 0.99 
NMED 2004  0 .5 0.55 0.78 0 .8 0.99 1.50 1.73 1 .48 1.24 0.84 0 66 0 .5 0.98 
NMED 2005  0 .5 0.70 0.68 0 .8 1.01 1.49 1.91 1 .49 1.70 1.01 0 69   1.10 

Table 4-13: Temperature Bias (K) over the 4km MM5 Domain. 
 

Simulation Jan  Feb Mar  Apr May Jun Jul Aug  Sep Oct Nov  Dec  Mean 
NMED 2003 0 .9 0.73 -0. 24 -0.48 0.58 0.49 -0.11 0 .27 1.49 2.06 1 27 2 .0 0.75 
NMED 2004 1 .8 0.89 0. 50 0.83 1.26 0.87 0.97 1 .31 1.26 1.39 1 40 1 .4 1.16 
NMED 2005 1 .4 0.95 -0. 03 0.72 1.19 0.94 0.58 1 .22 1.27 1.54 1 91   1.07 

Table 4-14: Temperature Error (K) over the 4km MM5 Domain. 
 

Simulation Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Mean 
NMED 2003 3.82 2.70 3.23 3.50 3.36 3.36 3.70 3.06 3.69 4.20 3.22 3.71 3.46 
NMED 2004 3.58 2.80 3.37 3.01 3.54 3.51 3.28 3.23 3.38 3.13 2.87 3.49 3.27 
NMED 2005 3.09 2.59 3.03 3.26 3.32 3.51 3.71 3.25 3.55 3.50 3.98  3.34 
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Table 4-15: Wind Index of Agreement over the 4km MM5 Domain. 
 

Simulation Jan  Feb Mar  Apr  May Jun Jul Aug  Sep Oct Nov  Dec  Mean 
NMED 2003 0 .8 0.81 0. 79 0 .7 0.79 0.80 0.80 0 .80 0.82 0.82 0 79 0 .8 0.80 
NMED 2004 0 .8 0.82 0. 80 0 .7 0.80 0.81 0.81 0 .77 0.75 0.79 0 81 0 .8 0.80 
NMED 2005 0 .8 0.82 0. 79 0 .7 0.80 0.80 0.80 0 .81 0.80 0.81 0 79   0.80 
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Appendix E 
Procedures for Design Value Projections Using the Modeled Attainment Test 

Software (MATS) 
 
 
The EPA has developed the Model Attainment Test Software (MATS) tool to facilitate 
the process of projecting base year measured design values (DV) to a future year 
according to modeling results (Abt, 2008).  The DV projection is determined by 
multiplying the base year DV at a particular monitoring site by a Relative Response 
Factor (RRF), which is simply defined as the ratio of the future year model concentration 
to the base year model concentration at that site.  Hence, the DV projection uses the 
model results in a relative sense.  Different approaches are used to define the DV and the 
RRF for the 8-hour ozone and 24-hour and annual PM2.5 standards.  The MATS tool can 
determine future year concentration levels at specific monitoring sites, and for “un-
monitored” areas throughout the modeling domain.  MATS contains datasets of annual 
ozone and total PM2.5 DVs at AQS and FRM sites, respectively, throughout the entire 
U.S.  MATS also contains PM2.5 species data at IMPROVE and STN sites for the same 
period.  These data are used to infer the relative contributions of different PM species to 
the FRM total PM2.5 concentrations (RRFs are applied to each component of PM2.5, not 
total PM2.5 mass).  Currently, data are available in MATS from 1999 through 2006.  A 
complete description of the procedures used by MATS is provided in EPA’s most recent 
modeling guidance (EPA, 2007). 
 
For the Four Corners modeling, MATS was used to project 2005 DVs for 8-hour ozone 
and annual PM2.5 to the 2018 future year at the various AQS, IMPROVE, and FRM 
monitoring sites in the 4-km modeling grid.  MATS was not used to project ozone and 
PM2.5 in “un-monitored” areas; separate analyses were performed for un-monitored 
areas given uncertainties associated with model performance at high elevations, the low 
density and distribution patterns of monitoring sites in this rural area, and the 
assumptions that MATS must make to spatially interpolate DV values that do not make 
sense in complex terrain.  Here we describe the configuration of MATS for this project. 
 
MATS must first define the 3-year DV averaging period.  The base year is 2005, so 
annual DVs from 2005 through 2007 were needed.  Annual ozone and PM2.5 DVs are 
themselves based on 3-year averages, which means that a five-year weighted average, 
centered on 2005 (2003 – 2007), is used to determine the average base year DV.  For 8-
hour ozone, the annual 4th highest ozone at a given site is used in the 5-year weighted 
average.  Since the annual PM2.5 DV and its projection are determined on a quarterly 
basis, the 5-year weighted average PM2.5 DV is determined from each quarter of the 
2003 – 2007 period.  Ozone DVs from 2007 were added to the MATS observation 
datasets to obtain the correct 2005 average DV.  However, PM2.5 DVs from 2007 were 
not added, and thus a 2003-2005 period was used to calculate the average DV (i.e., the 5-
year weighted average centered on 2003).  Specifying a 2004-2006 period for PM2.5 
caused MATS to crash for unknown reasons. 
 
The following specifications were set in MATS to project the 8-hour ozone DV to 2018: 



 
• For each air quality monitoring site, MATS searched the maximum daily ozone 

from a 7x7 array of model grid cells surrounding the site and selected the 
maximum among those 49 values each day for the development of the RRF (this 
is the default procedure as per EPA guidance for a 4-km grid resolution); 

• A monitoring site was considered to have a valid DV if a minimum of 1 year of 
data sufficient to calculate a valid DV is available (corresponds to default EPA 
guidance); 

• The ozone RRF at each site was determined from the average of the modeled 
daily ozone values (from the 7x7 array) in 2018, divided by the same for 2005; 

o Initially, only days with predicted concentrations above 85 ppb in 2005 
were used to compute the average (default setting as per EPA guidance); 

o A minimum of 10 days over the year were required to form a valid 
average (default setting as per EPA guidance).  If fewer than 10 days were 
found above the 85 ppb threshold, the threshold was reduced in 1 ppb 
increments until at least 10 days were found or the threshold was reduced 
to 60 ppb (initially, the minimum threshold was set to the EPA guidance 
default value of 70 ppb but this resulted in the calculation of valid RRFs at 
just two monitoring sites); 

o If 10 days were still not found at the 60 ppb minimum, then the number of 
required days was relaxed successively to a minimum of 5 days (default 
setting as per EPA guidance). 

 
Ozone DV data from the newly established Navajo Lake site was added to MATS at the 
same time that 2007 DVs from other AQS sites were added.  However, data from Navajo 
Lake extends back to only 2005, thus the Navajo Lake average DV used in MATS is not 
centered on 2005 and is not based on a 5-year weighted average.  Normally, EPA 
guidance procedures would preclude the use of data from this site in MATS but it was 
nevertheless included in this analysis because it is the only monitoring site within the 4 
km domain which recorded a violation of the ozone standard.  Ozone DV projections for 
Navajo Lake should therefore be used with caution.   
 
The following specifications were set in MATS to project the annual PM2.5 DV to 2018: 
 

• Speciation data from IMPROVE and STN sites were spatially interpolated to the 
FRM sites (default per EPA guidance); 

• For each monitor, MATS searched the daily 24-hour average PM2.5 from a 7x7 
array of grid cells surrounding that site and calculated the average among those 49 
values each day for the development of the speciated RRFs (default per EPA 
guidance for a 4-km grid resolution); 

• Speciation data from 2003-2005 were used (the MATS program crashed for 
unknown reasons when the end year was set to 2006); 

• A minimum of 11 days of valid speciation data were needed per quarter (default 
per EPA guidance); 

• A season was considered valid if it contained valid speciation data from at least 1 
year of the averaging period (default per EPA guidance); 



• A minimum of 1 valid season was needed for a valid speciation monitor (default 
per EPA guidance); 

• Inverse distance-squared weighting was used for speciation interpolation to FRM 
sites (default per EPA guidance); 

• MATS calculated the degree of neutralization (DON) values to set ammonium 
concentrations, measurements were not used (default per EPA guidance); 

• A 0.5 μg/m3 blank mass was assumed (default per EPA guidance); 
• A minimum of 11 days of valid FRM PM2.5 data were needed per quarter 

(default per EPA guidance); 
• A season was considered valid if it contained valid FRM PM2.5 data from at least 

1 year of the averaging period (default per EPA guidance); 
• A minimum of 4 valid seasons was needed for a valid FRM PM2.5 monitor 

(default per EPA guidance); 
• A monitoring site was considered to have a valid DV is if contained a minimum 

of 1 year of DV data (default per EPA guidance); 
• A minimum of 12 valid quarters were needed for the DV averaging period 

(default per EPA guidance); 
• The base year DON was used for the future year (default per EPA guidance); 
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Table 1. MM5 vertical layer definitions and mapping to CAMx vertical layers. 
MM5 CAMx 19L 
Layer Sigma Pressure 

(mb) 
Height 

(m) 
Depth 

(m) 
Layer Sigma Pressure 

(mb) 
Height 

(m) 
Depth 

(m) 
34 0.000 100 14662 1841 19 0.000 100 14662 6536 
33 0.050 145 12822 1466  0.050 145   
32 0.100 190 11356 1228  0.100 190   
31 0.150 235 10127 1062  0.150 235   
30 0.200 280 9066 939  0.200 280   
29 0.250 325 8127 843 18 0.250 325 8127 2966 
28 0.300 370 7284 767  0.300 370   
27 0.350 415 6517 704  0.350 415   
26 0.400 460 5812 652  0.400 460   
25 0.450 505 5160 607 17 0.450 505 5160 1712 
24 0.500 550 4553 569  0.500 550   
23 0.550 595 3984 536  0.550 595   
22 0.600 640 3448 506 16 0.600 640 3448 986 
21 0.650 685 2942 480  0.650 685   
20 0.700 730 2462 367 15 0.700 730 2462 633 
19 0.740 766 2095 266  0.740 766   
18 0.770 793 1828 259 14 0.770 793 1828 428 
17 0.800 820 1569 169  0.800 820   
16 0.820 838 1400 166 13 0.820 838 1400 329 
15 0.840 856 1235 163  0.840 856   
14 0.860 874 1071 160 12 0.860 874 1071 160 
13 0.880 892 911 158 11 0.880 892 911 158 
12 0.900 910 753 78 10 0.900 910 753 155 
11 0.910 919 675 77  0.910 919   
10 0.920 928 598 77 9 0.920 928 598 153 
9 0.930 937 521 76  0.930 937   
8 0.940 946 445 76 8 0.940 946 445 76 
7 0.950 955 369 75 7 0.950 955 369 75 
6 0.960 964 294 74 6 0.960 964 294 74 
5 0.970 973 220 74 5 0.970 973 220 74 
4 0.980 982 146 37 4 0.980 982 146 37 
3 0.985 986.5 109 37 3 0.985 986.5 109 37 
2 0.990 991 73 36 2 0.990 991 73 36 
1 0.995 995.5 36 36 1 0.995 995.5 36 36 
0 1.000 1000 0 0 0 1.000 1000 0 0 
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Figure 1.  Monthly Mean Fractional Errors for Ozone Monitoring Sites in the 4 Km Domain 
(Top) and 12 Km Domain (Bottom) 
 

 

Figure 2.   Monthly Fractional Bias (Top) and Error (Bottom) for PM2.5 by Site Relative to 
Monthly-Mean Observations and to RPO Performance Goals and Criteria 
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Bugle Plot of Monthly PM2.5 Fractional Error
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Bugle Plot of Monthly PM2.5 Fractional Bias 
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Figure 3.  Monthly Fractional Bias (Top) and Error (Bottom) for Sulfate by Site 
Relative to Monthly-Mean Observations and to RPO Performance Goals and 
Criteria 
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Bugle Plot of Monthly SO4 Fractional Bias 
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Figure 4.   Monthly Fractional Bias (Top) and Error (Bottom) for Nitrate by Site 
Relative to Monthly-Mean Observations and to RPO Performance Goals and 
Criteria 
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Bugle Plot of Monthly NO3 Fractional Bias 
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Figure 5.  Monthly Fractional Bias (Top) and Error (Bottom) for Ammonium by Site 
Relative to Monthly-Mean Observations and to RPO Performance Goals and 
Criteria 
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Bugle Plot of Monthly NH4 Fractional Bias 
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Figure 6. Monthly Fractional Bias (Top) and Error (Bottom) for Elemental Carbon 
by Site Relative to Monthly-Mean Observations and to RPO Performance Goals 
and Criteria 
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Bugle Plot of Monthly EC Fractional Bias 
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Figure 7. Monthly Fractional Bias (Top) and Error (Bottom) for Organic Carbon by 
Site Relative to Monthly-Mean Observations and to RPO Performance Goals and 
Criteria 
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Bugle Plot of Monthly OC Fractional Bias 
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Figure 8. Monthly Fractional Bias (Top) and Error (Bottom) for Soil by Site Relative 
to Monthly-Mean Observations and to RPO Performance Goals and Criteria 
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Bugle Plot of Monthly SOIL Fractional Bias 
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Figure 9. Monthly Mean Fractional Bias for Ozone Monitoring Sites in the 4 Km 
Domain (Top) and 12 Km Domain (Bottom) 
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Figure 10. Monthly Mean Gross Bias (Top) and Error (Bottom) for Ozone 
Monitoring Sites in the 4 Km Domain.   
 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Bias and error statistics are based on data pairing in which 1-hour observations are above 
40 ppb.  Historical EPA Acceptance Criteria are shown for reference as red horizontal lines. 
 

Figure 11.  Ozone Time Series from Each Monitoring Location in the 4-Km Domain 
and Associated CAMX Prediction for the Months of April (Left) and July (Right), 
2005 
 
 

 
 

Mesa Verde: April Mesa Verde: July 

Normalized Bias

-30

-20

-10

0

10

20

30

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju

n

Ju
l

A
ug

S
ep O
ct

N
ov

D
ec

(%
)

fc2005

+15%

-15%

Normalized Error

0

10

20

30

40

Ja
n

Fe
b

M
ar

A
pr

M
ay Ju

n

Ju
l

A
ug

S
ep O
ct

N
ov

D
ec

(%
)

fc2005

35%



12 

 
 

Shamrock: April Shamrock: July 

  

Gothic: April Gothic: July 

  

San Juan 0009: April San Juan 0009: July 
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