Summary on CAM3 bias study

Abstract

We investigated the bias of CAM3 by comparison of the output of CAM3 with the NCEP ECMWF ERA-40 and reanalysis data, and used a linear model to explore the forcing associated with the bias. We tried 1) different horizontal resolution and different vertical resolution, 2) local forcing and global forcing, 3) forcing associated different variables. Here is the summary of the results.

1. Results of  R15L5

At the beginning several months, we tried the resolution of R 15 with 5 levels. The 5 levels were 0.009 , 0.189 , 0.5 and 0.811 and 0.991 in the earlier experiments, then we changed them to 0.1, 0.189 , 0.5 and 0.811 and 0.95,  and further changed them to  0.10 , 0.300 , 0.5 , 0.700  and 0.950 in the later experiments. The reasons to do that are due to  1) the highest level for NCEP data is 10mb, 2) the lower boundary is too close the surface, 3) the results seem look better after the change.  One big bug associated with matrix calculation in the model was corrected during the model test. We also tried the version T21L5. 
1.1 Bias field

The dominant features of the bias field (Fig. 1.1) are that all the fields have large value in the North Atlantic region, which has some similarities to the North Atlantic Oscillation (?). 
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Figure 1.1 Bias field

1.2 Forcing field

One dominant feature associated with the forcing field (Figure 1.2) is that large value is found around the major topography, e.g. the dipole structure around Tibetan, rocky mountain, and Greenland in the Q forcing field. 
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Figure 1.2 Forcing field

1.3 Solution fields
The major features in the bias fields are well captured by the solution fields (Fig. 1.3), which demonstrate that the model does well and provides a useful tool to identify where the bias comes from.
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Figure 1.3 Solution field
2 Results of R12L10

We tried R85L5 and R15L10, however, we didn’t success, and therefore we change to R12L10. The 10  vertical levels are .05,0.15,0.25,0.35,0.45 , 0.550 , 0.65 , 0.750 , 0.85 and 0.950.
2.1 Bias field
Comparison with R15, the bias field of R12 (Fig. 2.1) is more smooth due to the resolution of the model is reduced. The dominant features in the bias field don’t have much change.
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Figure 2.1 Bias field of R12L10

2.2 Forcing field

Similar to R15L5, we also got the forcing field of R12L10. The dominate features also similar to the results of R15L5.
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Figure 2.2 Forcing field
2.3 Solution
The solution field is given Fig. 2.3. The solution fields of R12L10 seem look better than those of R15L5. 

[image: image21.emf][image: image22.emf][image: image23.emf][image: image24.emf]
Figure 2.3 Solution field
2.4 Local forcing

   We did several local forcing experiments, here two examples are given, one is the experiment in the North Atlantic region (90W-50E, 50N-90N) and the other is the experiment in the North Pacific region (100E-120W, 50N-90N). The value is gradually reduced to 0 at the boundary by using the coefficient (0.9816, 0.7863, 0.4564, 0.1464, 0.0034, 0) according to the cosine curve. The results show that the local forcing can produce a localized bias.
   2.4.1 Local forcing in the Atlantic region.
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Figure 2.4.1a  Local forcing field in the North Atlantic region
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Figure 2.4.1b  Solution field associated with local forcing in the North Atlantic region
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Figure 2.4.1c North-south cross section of forcing field (left panel) and solution field (right panel) at 15˚W associated with local forcing in the North Atlantic region
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Figure 2.4.1d East-west cross section of forcing field (left panel) and solution field (right panel) at 75˚N associated with local forcing in the North Atlantic region
2.4.2. Local forcing in the Pacific
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Figure 2.4.2a Local forcing field in the North Pacific region
[image: image41.emf][image: image42.emf][image: image43.emf]
[image: image44.emf]
Figure 2.4.2b Solution field associated with the local forcing in the North Pacific region
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Figure 2.4.2c Cross section of forcing field (left panel) and solution field (right panel) at 75˚N associated with the local forcing in the North Pacific region
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Figure 2.4.2d Cross section of forcing field (left panel) and solution field (right panel) at 160˚E associated with the local forcing in the North Pacific region
2.5 Ekman pumping

We try to investigate the influence of ekman pumping to the solution, here the vertical velocity associated ekman pumping is defined as:
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2.5.1 Without ekman forcing
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Figure 2.5.1a Forcing field without Ekman
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Figure 2.5.1b Solution field without ekman forcing

2.5.2 k=5, 10, 15 m2s-1 
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Figure 2.5.2 a1 Forcing field of K=5 m2s-1
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Figure 2.5.2 a2 Solution field of K=5 m2s-1 
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Figure 2.5.2 a3 As in Figure 2.5.2 a1 except for 30˚N to 90˚N 
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Figure 2.5.2 a4 As in figure 2.5.2 a2 except for 30˚N to 90˚N
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Figure 2.5.2 b1 Forcing field of K=10 m2s-1
[image: image78.emf][image: image79.emf][image: image80.emf][image: image81.emf]
Figure 2.5.2 b2 solution field of K=10 m2s-1
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Figure 2.5.2 b3 As in Figure 2.5.2 b1 except for 30˚N to 90˚N
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Figure 2.5.2 b4 As in Figure 2.5.2 b2 except for 30˚N to 90˚N
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Figure 2.5.2c1 Forcing field of K=15 m2s-1
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Figure 2.5.2c2 Solution field of K=15 m2s-1
[image: image98.emf][image: image99.emf][image: image100.emf]
[image: image101.emf]
Figure 2.5.2c3 As in Fig. 2.5.2c1 except for 30˚N to 90˚N
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Figure 2.5.2c4 As in figure 2.5.2c2 except for 30˚N to 90˚N
2.6 Local bias experiments

We did some local bias experiments in the North Atlantic and North Pacific. The windows are (100˚W-80˚E, 30˚N-90˚N)  for the North Atlantic case, and (100˚E-125˚W, 50˚N-90˚N) for the north Pacific case. Similar to the local forcing field, the boundary is reduced to 0 by following cosine curve by using the coefficient (0.9816, 0.7863, 0.4564, 0.1464, 0.0034, 0).
2.6.1 Local bias in the Atlantic
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Figure 2.6.1a local bias field in the North Atlantic region
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Figure 2.6.1b forcing field associated with local bias in the North Atlantic region
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Figure 2.6.1c Solution field associated with local bias in the North Atlantic region
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Figure 2.6.1d North-south cross section of forcing field (left panel) and solution field (right panel) at 15˚W associated with local bias in the North Atlantic region
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Figure 2.6.1e East-west cross section of forcing field (left panel) and solution field (right panel) at 55˚N associated with local bias in the North Atlantic region
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Figure 2.6.1f East-west cross section of forcing filed (left panel) and solution filed (right panel) at 75˚N associated with local bias in the North Atlantic region
2.6.2 Local bias in the North Pacific
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Figure 2.6.2a Local bias field in the North Pacific region
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Figure 2.6.2b forcing field associated with local bias in the North Pacific
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Figure 2.6.2c Solution field associated with local bias in the North Pacific
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Figure 2.6.2d North-south cross section of forcing field and solution field at 160˚E associated with local bias in the North Pacific
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Figure 2.6.2e East-west cross section of forcing field (left panel) and solution field (right panel) at 75˚N associated with local bias in the North Pacific
Future work

1) Extend to R85L5 or R15L10 to see the difference of the resolution. 2) Connect the forcing to the physical space. 3) The role of the storm track 
Summary

The bias field is well captured by the solution, the model provide a useful tool to connect the forcing field and bias.
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