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I. Introduction


In the field of Meteorology, forecasters often use computer models to aid in the formation of their forecasts on a daily, and even in some cases hourly, basis. As these computer models become more accurate, meteorologists’ forecasts will inherently become more accurate as well. This can lead to greater lead times on storm warnings, greater preparation time for extreme weather, and higher ratings for on-air meteorologists. 


One of these models is the Mesoscale Meteorological Model Version 5.0 (MM5). This model has a small grid spacing of approximately 6 miles and generates forecasts out to 36 hours from initialization. With its relatively short forecast timeframe and small grid spacing, it has the potential to not only forecast synoptic events, but also smaller mesoscale events like thunderstorm initiation, sea-breeze generation, and lake effect snow events to a potentially higher degree of accuracy than the large scale models (ETA, NGM, etc.). To test MM5’s accuracy, with the help of the Meteorology staff at SUNY Oswego, forecasts have been generated using the MM5 model configured for the North Rose-Wolcott High School location during the month of February 2004, where a Davis Vantage PRO wireless weather station has been installed (Diagrams 1-a, 1-b). 

II. Scope of Project


This project has focused on the accuracy of the MM5 model forecasts for temperature and dew point temperature for the NR-W High School location during the month of February 2004. MM5 model forecasts (00Z-36Z) for these two parameters initialized at 00Z were analyzed. Using Excel spreadsheets, the hourly model forecasts have been collected every day (available on the data disc or upon request), along with the verification (or real) readings recorded by VORTEX (see Table A). 


The statistical analysis includes graphical representations of actual and average hourly and daily errors, average forecast hour summary errors, daily standard deviations, and daily average error. From the graphs generated, trends in the data are outlined and discussed, including any warm or cold bias. Error have been determined by taking the difference between the forecast value and the recorded value by VORTEX, which is a 30-minute average. Since VORTEX records on a 30 minute cycle, in order to match up these values with the MM5 forecast values, we had to take every other value (those recorded on the hour).

III. Temperature
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When looking at the plots associated with temperature, several interesting trends can be noticed. The most pronounced is an overall cold bias in the MM5 forecasts shown by graphs #1 and #2.  Graph #1 shows the frequency of absolute errors over the course of the entire month of February. The arrow and red line in the center of the graph indicates the zero mark. Since there


Graph #1

is a greater majority of the values in the negative region, we can conclude that the model had a cold bias for the month in terms of temperature. However, it is also important to note that the overall majority of the values are close to zero (+2 to -2) indicating a fair amount of accuracy, despite the cold bias. Graph #2 shows the average temperature error for each forecast hour
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Graph #2

from initialization through the 36-hr. forecast. Again one can see an obvious cold bias, particularly for the 6Z through 15Z forecasts. This would suggest that the model generally forecasts colder temperatures during the overnight hours, and only slightly colder during the daytime hours on average. 


Along with the monthly and hourly totals, graphs have been produced for each day to see if there are any daily fluctuations or any extreme cases. On most of the daily graphs, the errors tend to fluctuate from slightly warmer to slightly cooler with no sudden jumps and most tend to range from –10 to +10 from the verification. Graph #3 shows the average error for the entire forecast each day throughout February. Again, one can see that more values are below zero, indicating the cold bias. An interesting feature on this graph, is the apparent oscillation in the values from the beginning of the month right through to the end. This could be an area for further research, either at finding the reason(s) behind the oscillation and/or comparing this month to other months to see if the same patterns occur.

While most values range from +10 to –10, there are a few days when the model was significantly off in the temperature forecast (February 6th and 10th). The most significant in this study was February 10th  (Graph #4), where the entire forecast was colder than what verified (average of –12.4 degrees Fahrenheit), and the 08Z through 10Z forecasts were 20 degrees colder than the verification. February 6th had a significant error as well (average of –12.8 degrees 
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Graph #3
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Graph #4

Fahrenheit), however there are data gaps for the 6th yielding some uncertainty to the extent of the negative error. A possible explanation for the extreme cold bias could be an error in the timing of a cold front. For instance, if the model forecast the passage of the cold front too soon, this would result in colder forecast temperatures, and vice-versa if a warm bias was observed. 


Lastly, Graph #5 shows the overall standard deviations for each day. In general, this parameter ranges from 2 to 5, with the exception of February 14th where the standard deviation was 7. Again, one can notice an apparent oscillation throughout the month that does not match up with the same oscillating pattern observed on graph #4. 
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Graph #5

IV. Dew Point

The dew point plots also reveal some interesting trends. The plot showing the average forecast error per forecast period (Graph #6) indicates a diurnal trend: during the late night and into the early morning hours (00Z through 10Z) the model forecasts for too much moisture, while during the late morning into the afternoon (12Z through 20Z) it under-forecasts the moisture content of the air, and then overnight (23Z through 36Z) it again forecasts too much moisture. This could be attributed to the close proximity of the High School to Lake Ontario (approximately 6 miles), but since the grid spacing for the model is 6 miles, the lake is not likely to be in the domain of the grid. A slight warm bias is also observed. 

The plot of overall monthly errors (Graph #7) shows only a slight warm bias, indicating a small trend to forecast for a slightly higher moisture content. The daily forecast errors were also fairly uniform and evenly distributed. Looking at February 10th, since the forecast temperatures were off quite a bit, one can notice that the model did a good job at forecasting the dew point temperatures during the same time period. This may eliminate the possibility of forecasting the 
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Graph #7
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Graph #8

timing a frontal passage poorly, since the air behind a cold front is generally drier. Had the model forecast an early passage of the front, not only would we expect to see a cold bias in the temperature forecast, but we would expect to find a cold bias in the dew points as well. 


Graphing the overall standard deviations for each day reveals a similar oscillating/cyclic trend to those observed in the temperature standard deviation plot. The only difference is that the values tend to fluctuate at a higher frequency for dew point (Graph #9). Likewise, we also see 
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Graph #9
the same cyclic pattern in the plot of overall average errors for each day (Graph #10). One can notice the slight warm bias in the values with noticeable peaks on February 8th and 15th. 
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Graph #10

V. Conclusions

On average, the MM5 temperature forecasts were colder than verified readings, with February 6th and 10th having significant negative errors. The MM5 dew point temperatures were slightly higher in early forecast periods (00Z-10Z), slightly lower in the mid-range (12Z-20Z), and higher towards the end (23Z-36Z) forecasts. This diurnal oscillation correlates with nighttime and daytime forecast periods, indicating that the model does well around the 11Z and 21-22Z forecasts and has some bias for the other forecast times. Lastly, the Average and Standard Deviation plots show cyclic trends, with the dew point plots having a greater frequency in the oscillation. This oscillation is not diurnal, for the frequency is too high: on the order of 3-5 hours.
Errors have entered our study in a few areas. First, there are gaps in the data where VORTEX did not record data for some reason (most likely due to a lack of communication between the actual station and the remote sensors). While we have adjusted our calculations to not include those data points, they show up on our graphs as zeroes, so it is hard to tell whether the model forecast parameter was correct (zero error) or if there is a missing data point. Typically, if there is a string of zero values, most likely that is a gap in the data. These values can be checked by looking at the data spreadsheet for the particular timeframe in question. Our second source of error is from rounding off all our VORTEX data points for simplicity in our spreadsheets and graphs. Lastly, since all of the verification values were entered by hand into the spreadsheets, there is the possibility that an occasional value could have been rounded off wrong or a wrong time read, yielding the human error element.

VI. Areas for Further Research

While our study has focused on the accuracy of the MM5 Model, there are several questions that can be furthered studied:

1) Why was the model so far off on February 6th and 10th? One could take a closer look at those two days and try to uncover the things that produced the large negative errors in the model temperature forecasts. A look into the other parameters (pressure, winds, etc.) may reveal similar trends.

2) What do the other parameters look like for the month of February? One could see if there are any days that the model was significantly off and if these correlate with the days we observed as being significantly off.

3) Why do the Average and Standard Deviation graphs show a cyclic trend with a frequency on the order of 3-5 hours? 

4) Is the diurnal oscillation in the model error the same year round or is this a winter phenomenon, and does this oscillation change with the seasons (i.e. reverse for the summer season)?
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				Averages and Standard Deviations

				Average		St. Dev.

		1-Feb		-4.9		2.28

		2-Feb		-6.1		3.78

		3-Feb		-1.29		3.5

		4-Feb		1.43		2.95

		5-Feb		-2.1		2.25

		6-Feb		-12.79		3.8

		7-Feb		-1.18		5.05

		8-Feb		0.81		2.68

		9-Feb		-5.08		2.47

		10-Feb		-12.42		4.96

		11-Feb		-0.19		2.11

		12-Feb		-4.27		2.26

		13-Feb		-3.86		2.29

		14-Feb		0.62		6.95

		15-Feb		6.7		3.76

		16-Feb		-0.78		2.06

		17-Feb		-1.03		2.3

		18-Feb		1.38		4.24

		19-Feb		-2.22		2.59

		20-Feb		-1.78		5.04

		21-Feb		0.61		2.37

		22-Feb		-0.46		2.21

		23-Feb		-1.86		3.39

		24-Feb		-0.76		3.53

		25-Feb		0.14		2.47

		26-Feb		1.06		2.53

		27-Feb		0.73		2.83

		28-Feb		-6.86		4.38





Sheet1

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Overall Temperature Average Errors each Day



Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Overall Temperature Standard Deviations for each Day



Sheet3

		





		






_1149439784.xls
Chart1

		1

		0

		-1

		0

		-1

		-3

		-3

		-3

		-2

		-1

		-1

		-1

		2

		1

		-1

		-1

		-1

		0

		1

		1

		-2

		0

		6

		5

		4

		4

		2

		0

		-4

		-1

		0

		-1

		0

		0

		-2

		-3

		-1



Errors

Forecast Hr.

Error from Verification

Forecast Accuracy Trends - Feb. 10



Sheet1

		Time		DRCT		SKNT		TMPF		DWPF		RELH		PRCP

		F000		288		3		14		11		87		0

		F001		144		1		16		13		88		0

		F002		155		1		15		13		92		0

		F003		170		2		15		13		94		0

		F004		171		5		14		12		93		0

		F005		177		4		12		10		92		0

		F006		176		4		12		10		91		0

		F007		174		4		12		10		92		0

		F008		164		4		11		9		93		0

		F009		162		5		10		8		92		0

		F010		166		5		10		8		92		0

		F011		168		4		10		8		92		0

		F012		161		4		10		8		93		0

		F013		159		4		10		9		94		0

		F014		169		3		13		11		90		0

		F015		154		1		18		14		84		0

		F016		148		1		23		17		77		0

		F017		124		0		26		18		72		0

		F018		88		0		28		19		69		0

		F019		98		1		30		20		68		0

		F020		98		3		30		21		69		0

		F021		110		3		29		22		76		0

		F022		98		5		27		22		80		0

		F023		89		6		25		21		84		0

		F024		92		6		24		20		86		0

		F025		102		6		23		20		88		0

		F026		108		7		23		21		92		0

		F027		116		6		22		21		97		0

		F028		119		6		22		21		97		0

		F029		121		7		22		21		97		0

		F030		124		7		22		21		97		0

		F031		129		8		23		22		96		0

		F032		128		7		23		22		97		0

		F033		122		7		22		21		97		0

		F034		120		7		21		21		97		0

		F035		126		7		21		20		97		0

		F036		136		8		22		21		95		0





Sheet2

								Dew Point Temp - February 10,  2004

																		Std. Dev.		Ave.

		Date		Time		Forecast Hr.		Forecast Td		Verified Td		Difference		% Deviation				2.2614786566		-0.1666666667

		2/9/04		7:00 PM		0Z		28		27		1		3.7037037037

				8:00 PM		1Z		27		27		0		0

				9:00 PM		2Z		26		27		-1		3.7037037037

				10:00 PM		3Z		27		27		0		0

				11:00 PM		4Z		27		28		-1		3.5714285714

		2/10/04		12:00 AM		5Z		26		29		-3		10.3448275862

				1:00 AM		6Z		26		29		-3		10.3448275862

				2:00 AM		7Z		26		29		-3		10.3448275862

				3:00 AM		8Z		26		28		-2		7.1428571429

				4:00 AM		9Z		26		27		-1		3.7037037037

				5:00 AM		10Z		26		27		-1		3.7037037037

				6:00 AM		11Z		26		27		-1		3.7037037037

				7:00 AM		12Z		26		24		2		8.3333333333

				8:00 AM		13Z		25		24		1		4.1666666667

				9:00 AM		14Z		24		25		-1		4

				10:00 AM		15Z		23		24		-1		4.1666666667

				11:00 AM		16Z		24		25		-1		4

				12:00 PM		17Z		25		25		0		0

				1:00 PM		18Z		26		25		1		4

				2:00 PM		19Z		26		25		1		4

				3:00 PM		20Z		25		27		-2		7.4074074074

				4:00 PM		21Z		26		26		0		0

				5:00 PM		22Z		27		21		6		28.5714285714

				6:00 PM		23Z		26		21		5		23.8095238095

				7:00 PM		24Z		25		21		4		19.0476190476

				8:00 PM		25Z		25		21		4		19.0476190476

				9:00 PM		26Z		24		22		2		9.0909090909

				10:00 PM		27Z		23		23		0		0

				11:00 PM		28Z		22		26		-4		15.3846153846

		2/11/04		12:00 AM		29Z		22		23		-1		4.347826087

				1:00 AM		30Z		22		22		0		0

				2:00 AM		31Z		21		22		-1		4.5454545455

				3:00 AM		32Z		21		21		0		0

				4:00 AM		33Z		21		****		****		0

				5:00 AM		34Z		21		23		-2		8.6956521739

				6:00 AM		35Z		20		23		-3		13.0434782609

				7:00 AM		36Z		18		19		-1		5.2631578947
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Sheet1

				Averages and Standard Deviations

				Average		St. Dev.

		1-Feb		-3.13		2.16
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		7-Feb		-0.15		5

		8-Feb		4.32		3.6

		9-Feb		2.65		2.88

		10-Feb		-0.17		2.26

		11-Feb		-0.28		3.49

		12-Feb		-0.59		2.3

		13-Feb		-0.54		2.65

		14-Feb		2.59		5.38

		15-Feb		7.38		5.39

		16-Feb		1.38		1.91

		17-Feb		2.95		3.34

		18-Feb		2.89		4.65

		19-Feb		-1.08		1.66

		20-Feb		-1.31		4.31

		21-Feb		0.58		2.66

		22-Feb		-0.38		2.24

		23-Feb		0.62		1.95
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		15Z		-4		-6		-1		1		0		-15		-1		6		-3		-10		1		-5		-4		0		9		-3		-1		2		-2		-4		0		-2		-3		-2		-1		0		-4		-12		-2.2857142857		15

		16Z		-4		-2		1		2		0		-11		1		5		-1		-9		1		-3		-2		1		7		-1		-3		1		0		0		0		-2		-3		1		-1		2		-1		-10		-1.1071428571		16

		17Z		-4		0		0		3		0		-9		2		3		0		-9		2		-2		-1		2		5		0		-3		2		0		2		1		-2		-1		2		0		2		0		-10		-0.5357142857		17

		18Z		-4		0		2		2		0		-8		2		2		1		-10		1		-2		0		2		6		1		-2		2		1		4		1		-3		-1		4		-1		0		0		-10		-0.3571428571		18

		19Z		-4		1		3		3		0		-7		1		1		0		-9		2		-2		1		2		6		3		-1		2		2		4		1		-1		0		2		-2		0		1		-11		-0.0714285714		19

		20Z		-3		0		3		4		****		-8		0		1		-1		-8		2		-1		1		1		7		4		-2		2		1		2		3		0		-1		2		-2		3		1		-11		0		20

		21Z		-2		****		****		4		-1		-9		0		1		-3		-7		2		-2		0		0		7		3		-3		3		0		0		4		1		-1		2		-3		2		0		-12		-0.5384615385		21

		22Z		-2		-3		****		3		-2		-11		1		-2		-4		-8		0		-2		-3		-1		7		1		-5		2		0		0		4		0		1		1		-3		2		-1		-11		-1.3333333333		22

		23Z		-4		-2		3		3		****		****		1		-1		-4		-9		0		-2		-4		-1		8		-1		-3		2		-2		0		4		-1		0		0		-3		2		0		-11		-0.9615384615		23

		24Z		-4		-3		4		3		****		****		0		-2		-5		-10		0		-3		-5		1		9		-2		-4		4		-2		-1		3		-1		0		1		-2		****		2		-7		-0.96		24

		25Z		-4		-2		4		3		-2		****		1		-1		-6		-11		-1		-3		-5		2		11		-3		-5		4		-1		****		3		-1		0		2		0		3		2		-9		-0.7307692308		25

		26Z		-5		-2		3		4		****		****		1		0		-6		-11		1		-4		-7		3		11		-1		-4		4		-2		-4		2		-1		3		3		1		4		2		-8		-0.5		26

		27Z		-6		-2		1		4		****		-15		1		0		-7		-11		4		-4		-5		4		13		-2		-4		2		-3		-2		2		0		1		5		0		****		4		-8		-1.0769230769		27

		28Z		-6		-3		0		4		-3		-14		2		-2		-6		-10		4		-5		-3		5		11		-1		-4		2		-4		0		1		1		0		5		2		5		4		-8		-0.8214285714		28

		29Z		-6		-3		-1		5		****		-14		2		-4		-6		-10		2		-6		-2		7		11		-1		-2		1		-5		1		1		1		-4		4		1		3		4		-6		-1		29

		30Z		-6		-4		-1		7		****		-14		4		-1		-7		-9		1		-6		-5		9		13		-1		-2		0		-5		2		1		2		-6		2		-1		4		2		-8		-1.0740740741		30

		31Z		-6		-7		-4		7		-1		-12		5		1		-8		-8		-1		-7		-5		11		12		0		0		-2		-5		3		0		2		-6		-2		-2		6		2		-6		-1.1785714286		31

		32Z		-9		-9		-4		6		-2		-12		5		1		-7		-7		-3		-6		-5		12		11		-1		3		-2		-4		3		0		4		-7		-2		-2		****		2		-5		-1.4814814815		32

		33Z		-9		-9		-4		4		-3		-13		4		-2		-7		****		-4		-5		-5		12		8		-1		0		-4		-5		4		1		4		-7		-1		-2		****		****		-5		-1.96		33

		34Z		-10		-9		-4		1		-3		-13		4		-4		-6		-7		-4		-6		-6		13		7		-2		0		-4		-4		7		0		3		-8		0		-2		****		0		-5		-2.2962962963		34

		35Z		-10		-10		-3		0		-4		-12		5		-3		-6		-5		-5		-7		-6		13		6		0		3		-8		-4		7		0		4		-9		1		0		****		-2		-4		-2.1851851852		35

		36Z		-9		-10		-2		0		-7		-10		7		-1		-6		-3		-4		-8		-6		15		5		0		3		-10		-3		8		0		5		-9		4		1		4		-3		-3		-1.5		36
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Sheet1

		Time		DRCT		SKNT		TMPF		DWPF		RELH		PRCP

		F000		288		3		14		11		87		0

		F001		144		1		16		13		88		0

		F002		155		1		15		13		92		0

		F003		170		2		15		13		94		0

		F004		171		5		14		12		93		0

		F005		177		4		12		10		92		0

		F006		176		4		12		10		91		0

		F007		174		4		12		10		92		0

		F008		164		4		11		9		93		0

		F009		162		5		10		8		92		0

		F010		166		5		10		8		92		0

		F011		168		4		10		8		92		0

		F012		161		4		10		8		93		0

		F013		159		4		10		9		94		0

		F014		169		3		13		11		90		0

		F015		154		1		18		14		84		0

		F016		148		1		23		17		77		0

		F017		124		0		26		18		72		0

		F018		88		0		28		19		69		0

		F019		98		1		30		20		68		0

		F020		98		3		30		21		69		0

		F021		110		3		29		22		76		0

		F022		98		5		27		22		80		0

		F023		89		6		25		21		84		0

		F024		92		6		24		20		86		0

		F025		102		6		23		20		88		0

		F026		108		7		23		21		92		0

		F027		116		6		22		21		97		0

		F028		119		6		22		21		97		0

		F029		121		7		22		21		97		0

		F030		124		7		22		21		97		0

		F031		129		8		23		22		96		0

		F032		128		7		23		22		97		0

		F033		122		7		22		21		97		0

		F034		120		7		21		21		97		0

		F035		126		7		21		20		97		0

		F036		136		8		22		21		95		0





Sheet2

								Temperature - February 10,  2004

																		Std. Dev.		Ave.

		Date		Time		Forecast Hr.		Forecast Temp		Verified Temp		Difference		% Deviation				4.9591185853		-12.4166666667		g

		2/9/04		7:00 PM		0Z		21		38		-17		44.7368421053

				8:00 PM		1Z		22		38		-16		42.1052631579

				9:00 PM		2Z		22		38		-16		42.1052631579

				10:00 PM		3Z		21		38		-17		44.7368421053

				11:00 PM		4Z		18		36		-18		50

		2/10/04		12:00 AM		5Z		17		35		-18		51.4285714286

				1:00 AM		6Z		16		35		-19		54.2857142857

				2:00 AM		7Z		15		35		-20		57.1428571429

				3:00 AM		8Z		14		34		-20		58.8235294118

				4:00 AM		9Z		14		34		-20		58.8235294118

				5:00 AM		10Z		14		33		-19		57.5757575758

				6:00 AM		11Z		14		33		-19		57.5757575758

				7:00 AM		12Z		15		33		-18		54.5454545455

				8:00 AM		13Z		16		32		-16		50

				9:00 AM		14Z		19		32		-13		40.625

				10:00 AM		15Z		23		33		-10		30.303030303

				11:00 AM		16Z		24		33		-9		27.2727272727

				12:00 PM		17Z		25		34		-9		26.4705882353

				1:00 PM		18Z		25		35		-10		28.5714285714

				2:00 PM		19Z		26		35		-9		25.7142857143

				3:00 PM		20Z		27		35		-8		22.8571428571

				4:00 PM		21Z		28		35		-7		20

				5:00 PM		22Z		25		33		-8		24.2424242424

				6:00 PM		23Z		23		32		-9		28.125

				7:00 PM		24Z		21		31		-10		32.2580645161

				8:00 PM		25Z		20		31		-11		35.4838709677

				9:00 PM		26Z		20		31		-11		35.4838709677

				10:00 PM		27Z		19		30		-11		36.6666666667

				11:00 PM		28Z		19		29		-10		34.4827586207

		2/11/04		12:00 AM		29Z		19		29		-10		34.4827586207

				1:00 AM		30Z		20		29		-9		31.0344827586

				2:00 AM		31Z		20		28		-8		28.5714285714

				3:00 AM		32Z		20		27		-7		25.9259259259

				4:00 AM		33Z		19		****		****		0

				5:00 AM		34Z		19		26		-7		26.9230769231

				6:00 AM		35Z		20		25		-5		20

				7:00 AM		36Z		22		25		-3		12
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Sheet1

						Temperature Final Spreadsheet w/ Graphs

						Differences																																																						Deviation From "0"		# Occurances:		ST. Dev		Ave

		1-Feb		2-Feb		3-Feb		4-Feb		5-Feb		6-Feb		7-Feb		8-Feb		9-Feb		10-Feb		11-Feb		12-Feb		13-Feb		14-Feb		15-Feb		16-Feb		17-Feb		18-Feb		19-Feb		20-Feb		21-Feb		22-Feb		23-Feb		24-Feb		25-Feb		26-Feb		27-Feb		28-Feb								29.0518535739		19.431372549

		-10		-11		-7		-3		-7		-22		-10		-4		-9		-20		-5		-8		-8		-9		-2		-5		-5		-10		-8		-9		-7		-3		-9		-6		-3		-5		-9		-14				25		0

		-10		-11		-7		-3		-7		-21		-10		-4		-9		-20		-4		-8		-7		-8		-1		-5		-5		-8		-8		-9		-4		-3		-9		-6		-3		-3		-4		-13				24		0

		-9		-11		-7		-3		-5		-19		-9		-3		-8		-20		-4		-7		-7		-7		0		-4		-4		-4		-6		-8		-4		-3		-8		-6		-3		-2		-3		-12				23		0

		-9		-10		-7		-3		-5		-17		-9		-2		-8		-19		-4		-7		-6		-7		1		-3		-4		-4		-5		-8		-3		-2		-7		-6		-2		-2		-2		-12				22		0

		-9		-10		-6		-2		-5		-15		-8		-2		-7		-19		-3		-7		-6		-7		1		-3		-4		-2		-5		-8		-2		-2		-7		-6		-2		-2		-2		-11				21		0

		-6		-10		-6		-2		-5		-15		-8		-2		-7		-19		-2		-7		-6		-7		3		-3		-4		-2		-5		-8		-1		-2		-6		-5		-2		-2		-1		-11				20		0

		-6		-10		-5		-2		-4		-15		-7		-2		-7		-18		-2		-7		-6		-6		4		-3		-4		-2		-5		-8		0		-2		-6		-5		-2		-1		-1		-11				19		0

		-6		-9		-4		-2		-3		-15		-7		-2		-7		-18		-1		-6		-6		-6		4		-2		-3		-2		-5		-8		0		-2		-6		-5		-2		-1		0		-11				18		0

		-6		-9		-4		-2		-3		-14		-6		-1		-7		-18		-1		-6		-5		-6		5		-2		-3		-2		-4		-7		0		-2		-4		-5		-2		0		0		-11				17		0

		-6		-9		-4		-2		-3		-14		-6		-1		-6		-17		-1		-6		-5		-6		5		-2		-3		-2		-4		-6		0		-2		-4		-4		-2		0		0		-10				16		0

		-6		-9		-4		-1		-3		-14		-5		-1		-6		-17		-1		-6		-5		-5		5		-2		-3		-2		-4		-6		0		-2		-3		-4		-2		0		0		-10				15		1

		-5		-9		-4		0		-2		-13		-3		-1		-6		-16		-1		-6		-5		-5		5		-2		-2		0		-4		-5		0		-2		-3		-2		-2		0		0		-10				14		0

		-4		-9		-3		0		-2		-13		-1		0		-6		-16		-1		-6		-5		-5		6		-1		-2		1		-3		-4		0		-2		-3		-2		-1		0		0		-10				13		4

		-4		-9		-2		0		-2		-13		0		0		-6		-16		-1		-6		-5		-4		6		-1		-2		1		-3		-4		0		-2		-3		-2		-1		1		1		-9				12		3

		-4		-8		-2		1		-2		-12		0		0		-6		-13		-1		-5		-5		-2		6		-1		-2		1		-3		-4		0		-2		-2		-2		-1		1		1		-8				11		6

		-4		-8		-1		1		-2		-12		0		0		-6		-11		0		-5		-5		-1		6		-1		-2		2		-3		-3		1		-2		-1		-2		-1		2		2		-8				10		1

		-4		-8		-1		1		-1		-12		1		0		-6		-11		0		-5		-5		-1		7		-1		-1		2		-2		-3		1		-2		-1		-1		-1		2		2		-8				9		5

		-4		-8		-1		2		-1		-11		1		1		-6		-11		0		-5		-5		0		7		-1		-1		2		-2		-2		1		-1		-1		-1		-1		2		2		-8				8		6

		-4		-8		0		2		-1		-11		1		1		-6		-10		0		-5		-5		0		7		-1		-1		2		-2		-1		1		-1		-1		0		0		2		2		-8				7		14

		-4		-7		0		2		-1		-11		1		1		-6		-10		0		-4		-4		1		7		-1		-1		2		-2		0		1		-1		-1		0		0		2		2		-7				6		10

		-4		-7		0		2		-1		-10		1		1		-6		-10		0		-4		-4		1		7		-1		0		2		-2		0		1		-1		0		1		0		2		2		-7				5		19
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