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DATA AND METHODS!
 "
Selection of Cases!
•  Used radar to identify MCSs from April to August of 2009 and 2010 

between the Rocky and Appalachian Mountains"
•  Cases further condensed using Stage IV by selecting only ones with easily 

discernable swaths of heavy rainfall"
•  Found 29 unique 6-hour intervals from April 13 to August 18"

Data!
•  6-hour intervals used to investigate possible bias"
•  Observed Data:"
- Stage IV precipitation data from NCAR Earth Observing Laboratory 

•  Forecast Data:"
-  The 0000 and 1200 UTC runs of the North American Mesoscale (NAM) 

Global Forecast System (GFS) models obtained from the NOAA National 
Operational Model Archive and Distribution System"

•  In order to gauge how the models did with each model run for a given time 
period, a temporal dimension was added. Starting from “1st Forecast,” the 
dimension increases as the amount of time increase from the model run 
and when it’s verified. For a 6Z to 12Z time frame example:"

INTRODUCTION!
•  Warm-season precipitation is one of the most challenging atmospheric 

phenomena to predict (Fritsch and Carbone 2004). Furthermore, recent 
research by Schumacher and Johnson (2005, 2006) found that a majority 
of warm-season, localized extreme rain events is produced by mesoscale 
convective systems (MCSs)."

•  Researchers and operational forecasters have noticed several numerical 
weather prediction models continually forecasting elevated MCSs too far to 
the north (too far on the cool side of the boundary)."

Do the Global Forecast System (GFS) and the North American Mesoscale (NAM) Models Have Displacement 
Biases in Their Mesoscale Convective System Forecasts? 

Fig. 1: (a) 6-hour Stage IV precipitation totals (mm) for 18 August 2009 from 06 to 12 UTC with a 
localized, heavy rainfall event from a MCS highlighted in red. (b) The 0000 UTC NAM model 
precipitation forecast over the same time period with the same region highlighted from the observed.   
(c) The 0000 UTC GFS model precipitation forecast over the same time period with the same region 
highlighted from the observed.  !

•  As seen in Fig. 1, both the NAM and GFS models predicted the 
corresponding convective system too far to the north of the observed event."

INTRODUCTION!

DATA AND METHODS!

Question to investigate:!
Is there a bias in the location of warm-season mesoscale convective 

systems in the NAM and GFS models’ forecasts? 

Model Run! Forecast Time!
1st Forecast" 0000 UTC" 6 to 12 hr"
2nd Forecast" 1200 UTC (previous day)" 18 to 24 hr"
3rd Forecast" 0000 UTC (previous day)" 30 to 36 hr"

DATA AND METHODS! CONTINUED!

Two analysis methods were used to investigate the placement of these 
mesoscale systems in the models’ forecasts:"
1.  Manual Analysis!
•  The manual analysis is a rudimentary quasi-unitless graphing of the 

displacement of the forecasted precipitation fields in respect to the 
observed precipitation. "

•  As noted in Fig. 2, the observed field and an x-y axis centered in the 
observed field are overlaid onto the forecasted field. This allows for the 
center of an object in the forecasted field to be graphed in respect to the 
center of the observed precipitation, which will be called forecast error."

Fig. 2: Visualization of the manual analysis. Starting with the observed field in (b), the location of the 
observed object is noted and overlaid on to the GFS forecast (a) and the NAM forecast (c). An x-y axis is 
overlaid on to (a) and (c) and the location of the corresponding forecast’s object is noted (1 x-y axis    
unit ≈ 3 degrees).!

2. Method for Object-Based Diagnostic Evaluation (MODE) tool!
•  The MODE tool resolves any two fields into objects and calculates 

statistics on these objects, both individually and paired (Davis et al. 2005)."
•  To resolve the objects, MODE completes the following steps:"
-  The convolving step (smoothing step) replaces each grid point with the 

average of the surrounding grid points, with the distance of this average 
determined by the user. "

-  The masking step determines objects based on the threshold selected 
and this new convolved field, defining objects equal or greater than the 
threshold selected. "

-  In the final, filtered step, the MODE tool dumps the raw field back into 
these newly defined objects. "

•  The GFS was re-gridded to the 212 grid with a resolution of 40 km, while 
the NAM remained at the 218 grid with a resolution of 12 km. The Stage IV 
precipitation was re-gridded to the corresponding forecasts’ grid."
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FIG 3. Example of resolved objects using MODE tool. 

MODE: APCP_06 at A6 vs APCP_06 at A06

Forecast

0.00

0.00

1.73

3.45

5.17

6.90

8.62

10.35

12.07

13.80

15.53

17.25

18.98

20.70

22.43

24.15

25.88

27.60

29.32

31.05

32.77

34.50

36.23

37.95

39.67

41.40

43.12

44.85

46.58

48.30

50.02

51.75

53.48

55.20

56.92

58.65

60.38

62.10

63.83

65.55

67.27

MODE: APCP_06 at A6 vs APCP_06 at A06
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Fig. 3: An example of the objects resolved by the MODE 
tool of the NAM model’s first forecast for the 18 August 
2009 case. As a reference, the distance error that MODE 
calculated from the forecast object’s centroid to the 
observed object’s centroid in this case is 168 kilometers.!

RESULTS!
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Fig. 4: (a) GFS and (b) NAM 
forecast error using the manual 
analysis (1 x-y axis unit ≈ 3 
degrees).!

Fig. 5: (a) GFS and (b) NAM forecast errors using the MODE tool with percentage of points in 
the corresponding quadrant.  !
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Manual Analysis!

MODE Tool!

Quadrant! Number of Points! Percentage!

1 (NE)" 42" 48%"

2 (NW)" 21" 24%"

3 (SW)" 9" 11%"

4 (SE)" 15" 17%"

TOTAL" 87" 100%"

Mean! Median! Stand. Dev.!

Distance (km)" 266.67" 216.80" 183.74"

Quadrant! Number of Points! Percentage!

1 (NE)" 29" 46%"

2 (NW)" 24" 38%"

3 (SW)" 6" 10%"

4 (SE)" 4" 6%"

TOTAL" 63" 100%"

Mean! Median! Stand. Dev.!

Distance (km)" 249.19" 228.49" 134.45"

CONCLUSIONS!
•  Both the manual analysis and the MODE test are consistent with each other 

by both producing the same biases in each model. "
•  A clear northern bias is present in the NAM model with 84% of the cases 

forecasted too far to the north of the observed object. "
•  Although not as strong (72%), a northern bias is also present in the GFS 

model. The GFS model also moves systems through too quickly, as evident 
in 65% of the cases forecasted too far to the east."

•  The GFS and NAM models’ forecasts had an average distance error of 266 
and 249 km respectively."

•  The GFS and NAM models’ forecasts had an average distance error of 266 and 
249 kilometers, respectively."

•  For the GFS model, 72% of the 87 forecasted six-hour intervals were forecasted 
too far north. Also, an eastern, and resulting temporal bias, appears with 65% of 
the intervals forecasted to the east (the most recent forecast having the least 
eastern bias)."

•  In the NAM model, an even stronger northern bias exists with 84% of the cases to 
the north. However, no east-west bias is present."

•  Area, width, and length of the forecasted and observed objects were calculated. 
No clear relationship is seen between the three characteristics, forecast error, and 
object size. "

GFS Forecast Errors" NAM Forecast Errors"

FUTURE WORK!
•  Ongoing and future research will 

examine high-resolution model 
forecasts."

•  Also, future work will investigate 
the cause of these errors. "


