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Abstract
Horizontal winds at 850 hPa from tropical cyclones retrieved using the nonlinear balance equation, where the mass field was determined from AMSU temperature soundings, are compared with the surface wind fields derived from QuikSCAT and Hurricane Research Division H*Wind analyses. It was found that the AMSU-derived wind speeds at 850 hPa have linear relations with the surface wind speeds from QuikSCAT or H*Wind. There are also characteristic biases of wind directions between AMSU and QuikSCAT or H*Wind. Using this information to adjust the speed and correct for the directional bias, a new algorithm was developed for estimation of the tropical cyclone surface wind field from the AMSU-derived 850 hPa winds.
The algorithm was evaluated in two independent cases from Hurricanes Floyd (1999) and Michelle (2001), which were observed simultaneously by AMSU, QuikSCAT and H*Wind. In this evaluation the AMSU adjustment algorithm for wind speed worked well. Results also showed that the bias correction algorithm for wind direction has room for improvement. 

1. Introduction


Tropical cyclone (TC) wind observations are obtained in a variety of ways. In-situ surface observations include those from surface stations, buoys and ships, and  upper-air observations include those from radiosondes, aircraft reconnaissance and GPS dropsondes. Winds can also be measured using remote sensing such as Doppler radar, microwave scatterometers and microwave radiometers. Microwave scatterometers provide the well-know sea surface wind observations from SeaWinds on the QuikSCAT satellite.  Microwave radiometers on satellites can only observe wind speed over the ocean, such as SSM/I on DMSP, TMI on TRMM and AMSR-E on Aqua.  Wind speed and direction above the surface can be retrieved from sequential images from geostationary satellites using feature tracking methods. The traditional method for estimating the TC maximum wind is the Dvorak technique (Dvorak, 1975 and Dvorak, 1984).

Satellite microwave soundings are also used for estimation of TC winds. The first studies of TC surface wind speed estimation using microwave soundings are Kidder et al. (1978) and Kidder et al. (1980). They describe a statistical method to estimate surface wind speed from the 55.45 GHz channel of the Scanning Microwave Spectrometer on board Nimbus 6. In these papers, outer surface wind speeds were calculated by assuming gradient balance and using a regression between central pressure and the 55.45 GHz temperature anomaly, which estimates the hurricane warm core. Their works were followed by Velden and Smith (1983), Velden (1989) and Velden et al. (1991) with expansion of use of high resolution data from Microwave Sounding Unit (MSU) on NOAA polar orbiting satellites. Merrill (1995) provided a new algorithm to more accurately estimate the TC upper tropospheric warm anomaly from 55-GHz microwave observations.

Recently, new microwave sounding systems were included on NOAA 15,16 and 17.  The Advanced Microwave Sounding Unit (AMSU) is a successor of the MSU and its applicability to TC analysis was shown by Kidder et al. (2000) and Knaff et al. (2000). The best horizontal resolution of AMSU is 48 km, which is twice that of MSU. AMSU has also finer vertical resolution with 15 channels for atmospheric temperature sounding. Using this new instrument, there are several techniques to estimate wind speed in TC. One of the newest versions, an extension of the work of Kidder et al. (1978), is described by Brueske and Velden (2003). They calculated minimum sea level pressure from the brightness temperature of AMSU 54.96 GHz channel with the maximum likelihood regression algorithm developed by Merrill (1995). 
Demuth et al. (2004) (hereafter D04) chose an alternate approach to the problem of TC intensity estimation from AMSU. They calculated 15 physical estimators from atmospheric temperature, geopotential height, surface pressure and the gradient wind around TCs retrieved from AMSU brightness temperatures. These estimators are the input to a multiple regression analysis for TC intensity and wind structure.  The NHC best track was used for the ground truth values of intensity (maximum one-minute sustained surface winds and minimum sea level pressure) and the wind structure was measured by the radii of 34-, 50- and 64-kt winds in four quadrants relative to the TC center. Spencer and Braswell (2001) used a somewhat similar statistical approach to estimate the TC maximum wind from several AMSU channels. 

In the studies described above, "one-dimensional" TC parameters such as maximum surface wind speed, central pressure, or wind radii were estimated.   In this paper a new method to estimate the two-dimensional TC surface wind field is described. The method uses the nonlinear balance equation (Charney 1955) to estimate the three dimension wind field from the AMSU-retrieved mass field. The nonlinear balance winds at the lowest reliable level (850 hPa) are then used to estimate the surface wind.  In Section 2 the three-dimensional wind retrieval is briefly described. The datasets used in this study are described in Section 3. In Section 4 the wind fields at 850 hPa are compared with surface wind fields from QuikSCAT and H*Wind analyses from the NOAA Hurricane Research Division (Powell et al 1998). Based upon this comparison, an algorithm to convert the 850 hPa AMSU winds to surface winds is developed. In Section 5 this simple algorithm is validated in two cases that were simultaneously observed by AMSU, H*Wind and QuikSCAT. The results are discussed and summarized in Sections 6 and 7.

The algorithm described in this paper can be used to estimate the horizontal distribution of sea surface wind in and around TCs from AMSU brightness temperature data. The estimated wind fields have potential application to the improvement of TC warnings and the initialization of numerical TC prediction models.

2. Three-dimensional AMSU Wind Retrieval


The AMSU wind retrieval is a generalization of the gradient wind retrieval described by D04. The temperature on an evenly spaced latitude/longitude grid from 50 to 920 hPa is determined in the same way as in D04. A statistical retrieval is applied to the AMSU-A radiances to determine the temperature profile and the vertically integrated cloud liquid water (CLW), which are then interpolated from the instrument “footprint” locations to a 0.2 degree lat/lon grid centered on the storm. Empirical corrections are applied to the temperature retrievals to help account for artificial cooling due to attenuation by liquid water and scattering by ice (D04; Linstid 2000). Cases are restricted to those where the storm center was within 700 km of the center of the AMSU swath so there is adequate data coverage over the 12o by 12o analysis domain. Using a National Centers for Environmental Prediction (NCEP) global analysis as a lower boundary condition for surface pressure at the domain boundaries, the hydrostatic equation is integrated upwards to 50 hPa using the AMSU temperatures to give the geopotential height as a function of pressure at the lateral boundaries. Virtual temperature effects are neglected in all the hydrostatic integrations. Under the assumption that 50 hPa is above the storm circulation, a smoothness condition is applied to give the geopotential height over the entire domain at 50 hPa. The hydrostatic equation is then integrated downward to give the three dimensional height field. In D04 this height field is azimuthally averaged relative to the storm center and the gradient wind equation is used to determine the wind at each pressure level as a function of radius.  

       For the three-dimensional winds the gradient wind equation is replaced by the nonlinear balance equation (Charney 1955). On a mid-latitude beta plane this equation can be written as

                       uxux + 2vxuy + vyvy – ((f+(y) + (u  + (2( = 0     (1)

where u,v are the nondivergent horizontal wind components, f and ( are the Coriolis parameter and its northward gradient, respectively, evaluated at the domain center, ( is the geopotential, (2 is the horizontal Laplacian operator, and subscripts x and y represent eastward and northward derivatives. The properties of the nonlinear balance equation are discussed in detail by Paegle and Paegle (1976) and Kasahara (1982). An important property of (1) is that it is an elliptic equation provided that 

                                 f2 +2(2( + 2(u < 0                    (2)

A number of iterative methods have developed to solve (1) for the nondivergent wind field given the geopotential field using iterative methods (e.g., Kasahara 1982; Iversen and Nordeng 1982). However, it was found that these conventional solution methods did not converge for some of stronger tropical cyclone cases, primarily due to violations of (2) over small regions near the storm center. For this reason, a least squares method was used to solve (1). 

      For the least squares solution, (1) is first written in finite difference form. Then the residual of the finite difference form of (1) at each grid point is defined as Rij. The mean-square residual is defined as 
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The summation is over all the points in the analysis domain except the lateral boundaries. At the boundaries, u and v are determined from the NCEP analyses. At all the interior points u and v are determined by minimizing (3). The minimization is performed using a gradient descent method, where the gradient of L with respect to u and v at each analysis point is calculated by taking the derivative of (3) after substitution of the finite difference form of (1). The gradient descent algorithm converges much more slowly than the more standard iterative solutions, but is much more robust, especially for the stronger tropical cyclones. The method provides u and v at each pressure level from 50 hPa to the surface. 

       Because the AMSU radiances are attenuated in areas with large amounts of liquid water, the temperature retrievals are less reliable in the low levels near the storm center. A method to partially correct for this problem is included in the temperature retrieval algorithm is described by D04. However, the wind retrievals are still considered less reliable below 850 hPa, so the AMSU winds at 850 hPa winds will be used in the remainder of the paper. 

3. Data


a. AMSU


This study utilizes the AMSU brightness temperature data from NOAA 15 and 16 archived in a CIRA database for tropical cyclones from 1999-2002. The cases were restricted to those of hurricane strength (maximum surface winds of at least 33 ms-1). The data collection process is the same as described in D04, where the AMSU observations around all tropical cyclones being forecast by NHC were saved at 6 h intervals. If new data was available at a 6 h period and the storm center was within 700 km of center of the AMSU swath, the case was saved in the archive. This procedure resulted in about one case per storm per satellite per day. 
b. QuikSCAT


QuikSCAT sea surface wind data archived on an ftp site of Remote Sensing Systems (RSS) were collected for comparison with the AMSU wind data.  The SeaWinds instrument on QuikSCAT launched in June 1999 is a Ku-band (i.e., a frequency near 14 GHz) radar. It works as a scatterometer to transmit a radar pulse down to the sea surface and measures the power which is scattered back. The power of the backscattered radiation is proportional to the ocean surface roughness which is correlated with the near-surface wind speed and direction. QuikSCAT can easily detect a TC as a closed circulation in the surface winds on the ocean (Katsaros and Forde, 2001).

In the RSS database, sea surface wind was retrieved from QuikSCAT with a geophysical model function called as Ku-2001 (Wentz et al. 2001). The wind data were adjusted to those at a height of 10 meters with averaging period of 8-10 minutes.


c. H*Wind

As will be shown in detail later, both the AMSU and QuikSCAT winds have limitations. To provide “ground truth”, H*Wind surface wind field analyses were obtained from the Hurricane Research Division of the Atlantic Oceanography and Meteorology Laboratory (HRD/AOML) ftp site. H*Wind was developed to integrate many kinds of wind data such as in-situ surface observations, aircraft reconnaissance, GPS dropsonde and remote sensing observations, into a consistent surface wind field (Powell et al., 1998). All data are quality controlled and processed to conform to a common framework for height (10m), exposure (marine or open terrain over land), and averaging period (maximum sustained 1 minute wind speed) using results from micrometeorology and wind engineering (Powell et al., 1996, Powell and Houston, 1996). H*Wind analyses are provided on an ftp server for research purposes, and in real-time to NHC hurricane specialists for forecast applications. 

The surface wind data synthesized into H*Wind include ships, buoys, coastal platforms and surface aviation reports. Aircraft reconnaissance data are adjusted to the surface with a planetary boundary layer model (Powell, 1980). Remote sensing observations in H*Wind can include surface wind estimates from SSM/I, TMI, ERS and  QuikSCAT from polar orbiting satellites, low level cloud drift winds from GOES, and, if available, step frequency microwave radiometer measurements of surface winds from NOAA WP-3D aircraft. In this paper the H*Wind analysis data are used for a comparison with AMSU and QuikSCAT wind data. For independence, the H*Wind analyses that did not include QuikSCAT observations were used. 

d. AMSU/QuikSCAT Comparison Cases

Fifty-seven cases were chosen for comparison of the AMSU and QuikSCAT wind fields. The time differences for the matching cases were less than one and a half hours. The cases in which there were landmasses such as continents or large islands in analysis region were excluded. Footprints in which the QuikSCAT rain flags were marked for strong rain attenuation were also excluded from comparison. Using a Barnes analysis (Barnes, 1964), the QuikSCAT winds were interpolated to the 12o by 12o lat/lon AMSU analysis grid. The comparison was then restricted to only those grid points within 500 km of the TC center.

e. AMSU/H*Wind Comparison Cases

For comparison of the AMSU 850 hPa wind field with the H*Wind surface wind field, 16 cases were found where the time difference was less than three hours. Similar to the comparisons between AMSU and QuikSCAT, cases in which continents or large islands were located in analysis region were excluded. H*Wind has large (8o by 8o lat/lon) and small (4o by 4o) analysis domains. In this study the larger analysis domain was used. Similar to the QuikSCAT data, the H*Wind analyses were interpolated to the AMSU grid points using a Barnes analyses, and the comparisons were restricted to grid points within 500 km of the storm center. H*Wind speeds were converted from 1-minute to 10 minute averages by dividing by 1.1.
f. AMSU/QuikSCAT/H*Wind Comparison Cases

Out of the 57 AMSU cases with matching QuikSCAT data and the 16 cases with matching H*Wind data, there are two cases where all three wind fields are available. These cases were set aside for independent validation of the algorithm to convert the AMSU 850 hPa winds to surface values. Thus, all of the analysis described in the next section includes 55 QuikSCAT cases and 14 H*Wind cases.
Table 1 shows statistics of wind parameters in the comparison cases. Statistics of maximum wind radii can be calculated from all comparison cases, but wind radii of 34, 50 and 64 kt for four directions (NE, SE, SW, NW) can be averaged only from the cases in which those wind radii values are archived. From upper table, it is found that maximum wind speed in each comparison cases has almost same average value such as 30 m/s. But from lower table, AMSU/H*Wind comparison cases have 1.5-2 times wind radii of AMSU/QuikSCAT comparison cases. There are some possibilities that these differences of wind radii are depend on the amount of comparison cases.

4. Comparison of AMSU 850 hPa Winds with QuikSCAT and H*Wind


Figure 1 shows scatter plots of wind speed and direction from the 850 hPa AMSU winds and (a) QuikSCAT surface wind field, and (b) the H*Wind surface wind field for the matching cases. The QuikSCAT comparison includes 84,576 grid points from the 55 cases and the H*Wind comparison includes 22,217 grid points from the 14 matching cases. Statistics of the comparisons are summarized in Table 2.

Figure 1a shows that QuikSCAT surface wind speed reached almost 60 m/s but the AMSU wind speed only reaches about 40 m/s. This maximum wind speed difference is due to the horizontal resolution difference between AMSU and QuikSCAT. The finest resolution AMSU is 48 km, while QuikSCAT has a resolution of 25 km. Thus, the QuikSCAT can better resolve the inner core region of tropical cyclones. Except for the grid points in which the QuikSCAT wind speed is much higher than AMSU as mentioned, most of the points cluster around the dotted line in Fig. 1a where the AMSU wind speed equals the QuikSCAT wind speed. As shown in Table 2, the AMSU wind speed bias relative to QuikSCAT is -1.5 m/s, and the mean absolute difference (MAD) is almost 4 m/s. The correlation coefficient between the AMSU and QuikSCAT wind speeds is 0.609. 

Similar results are found in the comparison of AMSU winds with H*Wind surface winds as shown in Fig. 1b. The maximum wind speed of H*Wind is almost 60 m/s, but the maximum AMSU wind speed is only about 40 m/s.  This speed difference is also due to differing horizontal resolution. The original resolution of the H*Wind analyses ranged from 2.8 km to 8.3 km in the 14 comparison cases. The bias of the AMSU wind speed relative to H*Wind is -0.59 m/s in Table 2. The MAD of the wind speed is about 5 m/s, which is larger than the MAD between AMSU and QuikSCAT, and the correlation coefficient of AMSU and H*Wind wind speed is 0.533, which is smaller than that of AMSU versus QuikSCAT.

The statistics of differences of parameters such as wind direction are complicated by the fact that 0o and 360o have the same meaning.  Recently, “circular statistics” were developed (Fisher, 1993; Rao, 2001) to handle this problem. Statistical parameters such as the mean absolute difference, standard deviation, bias and correlation coefficient for wind direction in this paper were calculated by circular statistics. 

As shown in Fig. 1a and Table 2 the MAD between AMSU and QuikSCAT is about 40o and the bias is 14.8o.  The directional bias was defined as AMSU minus QuikSCAT, which indicates that means the AMSU wind direction is larger than the mean QuikSCAT wind direction. Assuming cyclonic flow, the QuikSCAT surface wind direction turns inward towards the hurricane center by about 15o from the direction of the AMSU wind at 850 hPa. This result is consistent with previous studies of tropical cyclone wind structure.  For example, Frank (1977) found mean inflow angles within 200-700 km of northwest Pacific TCs to be 23o-25o at the surface and 3o-8o at 850 hPa. Thus, the surface winds turned inward about 19o relative to the 850 hPa winds, which is similar to the bias of AMSU wind direction relative to the QuikSCAT wind direction. 

Similar results are found in the comparison of AMSU and H*Wind wind directions, as shown in Table 2.  The MAD is about 40o and the bias is consistent with the expected inflow angles at 850 hPa and the surface. The large mean absolute differences and biases can be understood from the scatter plots of wind directions in Fig 1b. The correlation coefficient between AMSU and H*Wind wind directions is better than that for the comparison of AMSU with QuikSCAT. This improved correlation is probably due to the fact that the QuikSCAT wind directions also sometimes have substantial errors. 


As briefly described in Section 2, empirical corrections are applied to help correct the AMSU temperature soundings for attenuation by liquid water and scattering by ice. Although these corrections improve the retrievals as described by D04, there are still errors due to these effects, especially in regions of deep convection near the storm centers. To further investigate this issue, the AMSU wind retrievals will be stratified as a function of convective activity. For this purpose, the AMSU-retrieved CLW will be used as a proxy for convective.   

       Before stratifying the AMSU wind comparisons, the AMSU-retrieved CLW is compared to GOES infrared brightness temperatures (TB) to provide some physical insight into the CLW values.  For this purpose the GOES channel 4 (10.7 (m) TB for the 55 AMSU/QuikSCAT comparison cases was obtained from an archive at CIRA. Because the GOES data is available at time intervals that are usually no longer than ½ hour, the GOES data is very close in time to the AMSU data. The AMSU CLW and GOES TB were azimuthally averaged at 20 km radial intervals from the TC centers. This procedure resulted in 984 points with TB colder than 273 K. If TB was warmer than 273 K the point was regarded as a near-surface sea or land temperature and was not included in the comparison. 
       Figure 2 shows a scatter plot the azimuthally averaged TB versus CLW, where an exponential regression curve is shown by solid line. As shown by Negri and Adler (1993), TB colder than 235 K is often used as a threshold for convective areas. From the regression curve in Fig. 2, a CLW value of 0.44 mm corresponds with a TB value of 235 K. Thus, CLW = 0.44 mm will be used as a threshold for separating convective and non-convective points in the AMSU analysis domain. If CLW ≥ 1.32 mm the region is regarded as “highly” convective. From the regression curve in Fig. 2, a CLW value of 132 mm corresponds to a TB value of 200 K. 


Figure 3 (left column) shows scatter diagrams of the AMSU/QuikSCAT wind differences versus AMSU wind speeds, stratified into non-convective, convective and highly convective regions. In each scatter plot least-squares linear regressions are shown by dotted lines. The correlation coefficients and the slopes and intercepts of the regression lines for each scatter plot in Fig. 3 are shown in Table 3. For all three stratifications on the left side of Fig. 3 there is a positive correlation between the AMSU winds and the AMSU-QuikSCAT difference. The y-intercept for the highly convective region is the largest (-18 m/s), which indicates the largest bias of the AMSU winds speeds relative to the QuikSCAT for the low AMSU wind speed cases. The y-intercepts for the non-convective and convective regions are also negative but considerably smaller in magnitude than for the highly convective cases. The threshold values of AMSU wind speed between negative and positive AMSU/QuikSCAT differences also increases with each CLW stratification. For high values of AMSU windspeed in Fig. 3 the AMSU values are generally higher than the QuikSCAT winds, which might be expected because QuikSCAT is at the surface but AMSU is at 850 hPa. 


Results similar to those described above are found in comparisons between AMSU wind speed at 850 hPa and the AMSU/H*Wind differences as shown the Fig. 3 (right column) and Table 3.  In the comparisons with H*Wind the correlation coefficients in all CLW categories are above 0.60. The linear regressions have almost same slopes (~0.60), and intercepts range from -7.6 m/s to -12.2 m/s. In the highly convective areas, the intercept in the AMSU/H*Wind difference is less than that for the AMSU/QuikSCAT difference.


Figure 4 shows the dependency of the wind direction difference between AMSU wind and QuikSCAT on AMSU wind speed. The mean and standard deviation of the wind direction differences in 5 m/s AMSU wind speed intervals are also shown in Fig. 4. For low AMSU wind speeds (< 10 m/s), the wind direction differences vary widely from -180o to +180o. For AMSU wind speeds greater than 10 m/s, the standard deviations of wind directional differences decrease and converge to near zero. The averaged differences of wind direction range from 12o to 25o. As described previously, a positive difference means that the AMSU wind at 850 hPa turns less inward towards the TC center than QuikSCAT surface wind. To adjust the AMSU wind direction at 850 hPa to the surface, the direction must be turned inward slightly.


The same trend is found for the dependence of the AMSU/H*Wind direction difference on the AMSU wind speed, except for a small negative bias at the lowest AMSU wind speeds in Figure 4b and Table 3.


From these comparisons described above, the AMSU winds have some systematic differences from the QuikSCAT and H*Wind winds. The wind speed differences between the AMSU wind at 850 hPa and the surface winds are proportional to the AMSU wind speed itself. The wind direction differences of AMSU and the two surface wind datasets have biases that depend on the AMSU wind speed. Using these relationships, the TC surface wind distribution retrieved from the 850 hPa AMSU winds can be converted to a surface wind. The surface wind speed is retrieved from the AMSU wind speed at 850 hPa with a regression model. The surface wind direction is obtained from the AMSU wind direction at 850 hPa minus the bias as a function of the AMSU wind speed. Two sets of AMSU surface wind adjustment relationships were derived. The adjustments derived from the AMSU/QuikSCAT comparison are called QCOM (Table 4) and the adjustments from H*Wind are called HCOM (Table 5). In the relationships shown in Tables 4 and 5, WSsurf means surface wind speed, and WSamsu means AMSU wind speed at 850 hPa. WD is the abbreviation for wind direction, and subscripts are the same as for WS. WS has units of m/s, and WD has units of degrees. Validations of these relationships applied to the AMSU 850 hPa winds to provide surface winds are described in the next section for two independent cases.

5. Validations of retrieval methods of surface wind


To validate the QCOM and HCOM adjustments, these methods are applied to AMSU wind field at 850 hPa and compared to corresponding QuikSCAT and H*Wind surface wind fields. For these comparisons, the two cases in which all three types of wind data were obtained simultaneously are used. The first case is from Hurricane Floyd (1999) observed by AMSU at 23:32 UTC on September 11, by QuikSCAT at 22:21 UTC on September 11 and by H*Wind at 01:30 UTC on September 12. The second case is from Hurricane Michelle (2001) observed by AMSU at 00:23 (UTC) on November 3, by QuikSCAT at 23:19 (UTC) on November 2 and by H*Wind at 01:30 on November 3. As described in section 3 these were the only two cases in the 1999-2002 sample that were away from major landmasses and had all three data types available.  These two cases were withheld from the development of the QCOM and HCOM relationships to provide an independent sample.  


Figure 5 shows the wind fields for Floyd from (a) AMSU at 850 hPa, (b) QuikSCAT, and (c) H*Wind. The CLW field estimated from AMSU is shown in Fig. 5d. The 850 hPa AMSU wind field in Fig. 5a does not include the modification by QCOM or HCOM (hereafter NOMO). The wind speed distribution of AMSU above 12 m/s is similar to the wind speed distribution of QuikSCAT. The high-speed region is asymmetric, and located in the direction from north to southeast of hurricane center, similar to a rainband. The distribution of CLW roughly corresponds to the distributions of wind speed above 12 m/s. The AMSU wind speed distribution above 18 m/s is wider along the direction from north to south than that of QuikSCAT. It can also be seen that the AMSU wind speed distribution above 18 m/s is narrower in the east-west direction than that of QuikSCAT. The AMSU wind speed field has some patches of weak speed below 2 m/s located on the west side of the strong wind speed area already mentioned. The H*Wind wind speed distribution in Fig 5 is different from those of AMSU or QuikSCAT. The wind speed distribution of H*Wind is almost symmetric, and there is no band-type high wind speed area in the distribution. Thus, neither the AMSU nor QuikSCAT retrievals are able to capture the intense inner core of the storm due to the horizontal resolution limitations described previously. 


The AMSU wind direction near the hurricane center has a structure similar to that for QuikSCAT and H*Wind, with a general counter-clockwise rotation. However, in the outer region of hurricane center the AMSU wind direction distribution shows remarkable differences from those of QuikSCAT or H*Wind, which still show counter clockwise circulations away from the storm center. Especially in the weak wind speed regions of AMSU there are some small vortices, which are widely different from an ideal distribution of wind direction in hurricane. The small vortices are likely artifacts of the AMSU retrieval technique due to the problems of liquid water attenuation or ice scattering. 


The wind fields from the three data types for the Hurricane Michelle case (not shown) are fairly similar to the results for Floyd. Generally the two satellite wind fields show similar structures, where the high wind speed region is located on periphery of the hurricane center with speeds lower than the in the H*Wind analyses, and the speed gradually decreases away from the storm center. Wind directions show counter clockwise circulation near the storm center. The AMSU wind speed distribution shows several weak speed patches below 6 m/s away from hurricane center, with small vortices similar to those in the Floyd case. These features were not seen in QuikSCAT and H*Wind wind fields.


Figure 6 shows the surface wind field retrieved from the AMSU wind at 850 hPa using the (a) QCOM and (b) HCOM adjustments for the Floyd case. When QCOM is compared with QuikSCAT surface image (Figure 5b), it is easily seen that wind speed distribution of QCOM more closely resembles that of QuikSCAT than the original AMSU wind field (NOMO). In QCOM, the wind speed area above 12 m/s spreads in east-west direction, but the strongest wind region above 24 m/s is shortened in north-south direction. The weak wind speed patches away from the hurricane center in NOMO have almost disappeared in QCOM. Similar tendencies are also found in HCOM, but the strongest wind region near the center has shrunk excessively. The asymmetric wind speed distribution of QCOM and HCOM are still considerably different from the very symmetric H*Wind distribution.


Wind direction differences away from the hurricane center of QCOM or HCOM become smaller than that of NOMO, compared with the QuikSCAT or H*Wind surface winds. However, the small vortices, corresponding to weak wind speed regions located on the west side of periphery of the center still exist in QCOM and HCOM.

The QCOM and HCOM surface winds for the Michelle case were also compared with the QuikSCAT, H*Wind or NOMO wind fields (not shown), and the results were similar to the Floyd case. The strong wind speed distribution in QCOM is more similar to that of QuikSCAT and H*Wind than NOMO. The weak wind regions on periphery of the center were reduced in QCOM, but the small vortices seen in NOMO still exist. HCOM shows the same features as QCOM except for the maximum wind speed, which is lower than that of QCOM.


Table 6 shows statistical results for comparisons of the three kinds of AMSU wind retrievals (NOMO, QCOM and HCOM) and the surface winds of QuikSCAT for the combined sample from Hurricanes Floyd and Michelle. This Table shows that the QCOM adjustment improves the AMSU wind speed retrieval relative to the NOMO case. The NOMO correlation coefficient and MAD are 0.589 and 5.48 m/s, respectively. For QCOM, the correlation coefficient increases to 0.776 and the MAD is reduced to 3.40 m/s. The wind speed improvements for the HCOM adjustments are similar (but not quite as good) to those for QCOM, with a correlation coefficient and MAD of 0.753 and 3.58 m/s, respectively. 

The improvements in the AMSU wind direction for the QCOM or HCOM adjustments are not as good as those for wind speed. The MAD for NOMO in Table 6 is 34.4o, which reduces only slightly to 33.6o and 33.0o for QCOM and HCOM, respectively. The correlation coefficients for QCOM and HCOM are a little smaller than that for NOMO. These results indicate that the simple algorithm to modify the AMSU wind direction by subtracting the bias as a function of AMSU wind speed has some limitations.

The results from comparisons between the H*Wind surface wind and three AMSU wind fields (NOMO, QCOM and HCOM) are shown in Table 7. The results generally are similar to those for the comparison with QuikSCAT in that the QCOM and HCOM procedures improve the wind speed error more than the wind direction error. However, the correlation coefficients are smaller and the MAD are larger in the comparisons with H*Wind compared to the comparisons with QuikSCAT.  This degradation in the comparison is primarily due to the fact that the H*Wind analyses resolve the inner core of the storm, but the AMSU and QuikSCAT analyses do not. 

6. Discussion


One of purposes of this paper is a comparison of the wind field retrieved from AMSU temperature data using the non-linear balance equation at 850 hPa with surface wind fields obtained from QuikSCAT or H*Wind. The second objective is to use the results of the comparison to develop an adjustment procedure for reducing the AMSU 850 hPa winds to the surface, and then evaluate the adjustment procedure on independent cases. 


The estimation of surface wind speed using the adjustment procedure showed positive results. The correlation coefficients increased and the wind speed errors decreased after the adjustments were applied, when AMSU wind fields were compared with those from QuikSCAT or H*Wind. Franklin et al. (2003) shows the mean vertical profile of wind speed in hurricanes obtained from GPS dropwindsonde from surface to the 700-hPa. Their results confirmed recent operational procedures to estimate surface winds from flight level winds. In their study, they proposed reduction factors to be multiplied by aircraft wind speeds at 850 or 700 hPa to estimate the surface wind speed. The surface adjustments using the regression equations in this paper have some similarities with those described by Franklin et al. (2003). However, according to Kepart (2001) and Kepart and Wang (2001), the use of universal constants for adjustment factors to reduce the surface wind speed is incorrect. In this paper, the adjustment factors are a function of CLW.  The reduction factors in Franklin et al. (2003) are below 1.0, which means that the surface wind speeds are always less than those at 850 or 700 hPa. This type of procedure would not work well for adjusting the AMSU data to the surface because the adjustment procedure also corrects for a speed bias that is function of the AMSU wind speed. The AMSU adjustment procedure acts to increase (decrease) the AMSU wind speeds at 850 hPa when the AMSU speeds are low (high) to estimate of surface wind speed. 

There are some problems in the wind direction estimated by AMSU. As seen in Figure 5a, the AMSU wind field at 850 hPa has several small vortices away from the storm center, which is not realistic in a hurricane, and were not seen in the corresponding QuikSCAT or H*Wind analyses. It can be seen in the comparison of Fig. 5a and 5d that these small vortices are located on the periphery of areas of higher CLW, or near land. Thus, they are likely due to errors in the AMSU temperature retrieval algorithm in these areas. Further work is needed to remove these "contamination" effects from AMSU brightness temperature data, so that the nonlinear balance equation will produce more realistic flow around TC without such these small vortices. 


Another problem is the bias-removing algorithm for adjusting the AMSU wind directions to the surface. In the validation for Hurricane Floyd and Michelle it was found that wind directions in the strong wind speed regions were improved by the QCOM and HCOM procedures. However, in the weak speed areas such as in the vicinity of the small vortices, the wind directions in QCOM and HCOM do not correspond with the surface wind directions of QuikSCAT or H*Wind. The correlation coefficient and MAD of wind direction for QCOM and HCOM with QuikSCAT or H*Wind do not show any significant improvements relative to the unadjusted AMSU wind directions. This lack of improvement indicates that the bias removing method is of limited usefulness for reducing the AMSU directions to the surface. The adjustment does, however, provide a better estimate of the inflow angle of the surface wind relative to the 850 hPa wind in an area-averaged sense. 

       Further improvements in the estimation of surface wind direction from the 850 hPa AMSU wind direction will require an analysis of the relation between the wind direction difference and additional physical parameters such as vertical wind shear, direction of TC motion, convective activity around the TC, and so on. It will also be necessary to derive a regression model between wind direction and wind speed, or CLW using circular statistics.

Although the AMSU surface wind algorithm still has some problems, especially for the wind direction, the results show that the wind speeds compare well with QuikSCAT.  The QuikSCAT winds also sometimes have large errors in the wind direction estimates, especially near the center and the edges of the wind swath. Even with these errors, QuikSCAT has proved to be very useful for tropical cyclone analysis, especially away from the inner core. Thus, the AMSU surface winds should have similar utility.
Zhu and Zhang (2002) showed that a hurricane bogus derived from three-dimensional AMSU observations can have a large impact on the numerical TC prediction. Their algorithm for making a vortex from AMSU data is similar to the method described here for the 850 hPa AMSU winds. However, Zhu and Zhang (2002) do not include a surface wind field estimate. Applying our method to generate a bogus for numerical TC prediction model initialization may help to further improve the forecast results of Zhu and Zhang (2002).

7. Summary

AMSU-retrieved wind fields at 850 hPa were compared with the surface wind fields from QuikSCAT and H*Wind. From these comparisons, it was found that the AMSU wind speed at 850 hPa has a linear relationship with the surface wind speed of QuikSCAT or H*Wind. The characteristic bias of wind direction also appeared between AMSU and QuikSCAT or H*Wind. Applying regression models for adjusting AMSU wind speeds and the bias removing method for AMSU wind directions, an algorithm was developed to estimate surface wind field from the AMSU wind at 850 hPa. This algorithm was simple but robust, especially for wind speed.


The algorithm was validated in two independent cases from Hurricanes Floyd and Michelle, which were simultaneously observed by AMSU, QuikSCAT and H*Wind. In this validation the regression model for wind speeds showed positive results. On the other hand, the bias-removing method for wind direction has room for improvement.
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Table 1. Statistics of the hurricane wind parameters in the comparison cases. Upper table shows maximum wind speed statistics in hurricane, and lower shows averaged wind radii of 34, 50 and 64 kt for the four directions (NE, SE, SW, NW).

	



Average  Maximun  Minimun  Standard deviaion

	AMSU/QuikSCAT (55 cases)

Maximum Wind Speed (m/s)     28        72        13        14

AMSU/H*Wind (14 cases)

Maximum Wind Speed (m/s)     35        59        10        15


	



  NE        SE        SW        NW

	AMSU/QuikSCAT (45 cases)

34 kt wind radii (km)          173        151        125        146

50 kt wind radii (km)           75         56         51         63

64 kt wind radii (km)           24         22         17         22

AMSU/H*Wind (13 cases)

34 kt wind radii (km)          269        221        177        209

50 kt wind radii (km)          158        100         89        108

64 kt wind radii (km)           63         37         33         50


Table 2. Statistics of the comparisons of AMSU wind speed and direction at 850 hPa with QuikSCAT or H*Wind.

	



Bias

MAD

COR

	QuikSCAT

Wind Speed (m/s)

-1.49

4.10

0.609

Wind Direction (deg.)

14.8

42.7

0.519

H*Wind 

Wind Speed (m/s)

-0.59

4.91

0.533

Wind Direction (deg.)

13.4

38.1

0.621


Table 3. Statistics of the comparisons of AMSU wind speed at 850 hPa with the wind speed difference between AMSU at 850 hPa and QuikSCAT or H*Wind surface winds, stratified by cloud liquid water amount. 

.

	                           Number of data   Slope     Intercept     COR

	QuikSCAT

         CLW < 0.44 mm      72166       0.63       -6.42      0.709

0.44 mm ( CLW < 1.32 mm     10466        0.41      -8.84       0.439

1.32 mm ( CLW               1964        0.64      -18.31      0.624

H*Wind

           CLW < 0.44 mm    16265       0.67       -7.58      0.695

0.44 mm ( CLW < 1.32 mm       4618       0.55       -8.95      0.627

1.32 mm ( CLW                1334       0.58      -12.16      0.612


Table 4. QCOM: Surface wind retrieval method derived from comparison with QuikSCAT.

.

	Wind Speed (WS)


WS surf = (1-0.63)*WS amsu + 6.42
(CLW < 0.44 mm)


WS surf = (1-0.41)*WS amsu + 8.84
(0.44 ( CLW < 1.32 mm)


WS surf = (1-0.64)*WS amsu + 18.31
(1.32 ( CLW mm)

Wind Direction (WD)


WD surf = WD amsu - 12.60

(    WS amsu < 5 m/s)


WD surf = WD amsu - 12.30

( 5 ( WS amsu < 10 m/s)


WD surf = WD amsu - 15.02

(10 ( WS amsu < 15 m/s)


WD surf = WD amsu - 18.30

(15 ( WS amsu < 20 m/s)


WD surf = WD amsu - 22.35

(20 ( WS amsu < 25 m/s)


WD surf = WD amsu - 23.81

(25 ( WS amsu < 30 m/s)


WD surf = WD amsu - 25.08

(30 ( WS amsu < 35 m/s)


WD surf = WD amsu - 21.08

(35 ( WS amsu)


Table 5. HCOM: Same as Table 4 except for H*Wind.

.

	Wind Speed (WS)


WS surf = (1-0.67)*WS amsu + 7.58
(      CLW < 0.44 mm)


WS surf = (1-0.55)*WS amsu + 8.95
(0.44 ( CLW < 1.32 mm)


WS surf = (1-0.58)*WS amsu + 12.16
(1.32 ( CLW mm)

Wind Direction (WD)


WD surf = WD amsu + 2.78

(   WS amsu < 5 m/s)


WD surf = WD amsu - 8.62

(5 ( WS amsu < 10 m/s)


WD surf = WD amsu - 15.34

(10 ( WS amsu < 15 m/s)


WD surf = WD amsu - 16.98

(15 ( WS amsu < 20 m/s)


WD surf = WD amsu - 19.45

(20 ( WS amsu < 25 m/s)


WD surf = WD amsu - 20.92

(25 ( WS amsu < 30 m/s)


WD surf = WD amsu - 17.29

(30 ( WS amsu < 35 m/s)


WD surf = WD amsu - 18.67

(35 ( WS amsu < 40 m/s)


WD surf = WD amsu - 8.28

(40 ( WS amsu m/s)


Table 6. Statistics of the comparisons of the three kinds of AMSU wind speeds with the surface wind of QuikSCAT for the cases of Hrricanes Floyd (1999) and Michelle (2001).

	                           Number of data    Bias       MAD      COR

	850 hPa Wind (NOMO)

Wind Speed (m/s)          2514         -1.94        5.48       0.589

  Wind Direction (deg.)       2514         11.8         34.4       0.803

QCOM

 Wind Speed (m/s)          2514         -0.49        3.40       0.776

  Wind Direction (deg.)        2514         -4.4         33.6       0.794

HCOM

 Wind Speed (m/s)          2514        -1.11        3.58        0.753

  Wind Direction (deg.)        2514        -0.9         33.0        0.792


Table 7. Same as Table 6 except for with H*Wind.

	                           Number of data    Bias       MAD      COR

	850 hPa Wind (NOMO)

Wind Speed (m/s)            2916        -0.10        5.97      0.461

  Wind Direction (deg.)         2916        15.7         29.5      0.784

QCOM

 Wind Speed (m/s)            2916         1.36        4.63      0.612

   Wind Direction (deg.)         2916         -0.7        28.5      0.781

HCOM

 Wind Speed (m/s)            2916         0.70        4.25      0.594

   Wind Direction (deg.)         2916          2.7        28.0      0.783


Fig. 1. Scatter diagrams of AMSU wind at 850 hPa versus QuikSCAT surface wind (a), and AMSU wind at 850 hPa versus H*Wind surface wind (b). The diagrams on the left side are for wind speed, and the diagrams on right side are for wind direction.
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Fig. 2. Scatter diagram of tangentially averaged TB versus azimuthally averaged CLW. The solid line shows exponential regression curve and the formula in the diagram shows its equation.
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Fig. 3. Scatter diagrams of 850 hPA AMSU wind speed versus 850 hPa AMSU wind

speed minus QuikSCAT surface wind speed (left side), and diagrams of 850 hPa AMSU wind speed versus 850 hPA AMSU wind speed minus H*Wind surface wind speed (right side). The upper diagrams include points with CLW < 0.44 mm, the middle diagrams include 0.44 mm ≤ CLW< 1.32 mm and the bottom diagrams include CLW ≥1.32 mm.
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Fig. 4. Scatter diagrams of 850 hPa AMSU wind speed versus 850 hPA AMSU wind directions minus QuikSCAT surface wind direction (upper left) or minus H*Wind surface wind direction (upper right). Also show are histograms of the total grid numbers, the mean wind direction differences and bars of standard deviations of the wind direction differences in 5m/s intervals of 850 AMSU wind speeds (lower row). The lower left figure is for a comparison with QuikSCAT and the lower right is for H*Wind.
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Fig. 5. 850 hPA AMSU wind distribution (upper left), QuikSCAT surface wind distribution (upper right), H*Wind surface wind distribution (lower left) and AMSU cloud liquid water distribution (lower right) for hurricane Floyd (1999). The contour interval for wind speed is 2m/s and the interval for CLW is 2 mm. The wind direction is indicated by the white arrows, and the arrow length is proportional to the wind speed. 
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Fig. 6. Surface wind distributions estimated by QCOM (left) and HCOM (right). Contours and arrows are the same as in Fig. 5.
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		402		0.24		21		402		272.89						235		0.4373263592

		562		0.14		22		562		272.85						1.32		199.9299275639

		542		0.08		19		542		272.82						0.88		212.8018357578

		542		0.14		20		542		272.74

		262		0.15		10		262		272.71

		402		0.19		15		402		272.69

		502		0.09		22		502		272.65

		382		0.18		18		382		272.65

		242		0.2		6		242		272.48

		522		0.1		18		522		272.46

		582		0.16		22		582		272.42

		482		0.13		20		482		272.37

		462		0.17		21		462		272.37

		382		0.04		11		382		272.36

		22		1.32		1		22		272.33

		542		0.12		14		542		272.32

		382		0.05		14		382		272.3

		302		0.16		8		302		272.27

		362		0.06		15		362		272.21

		462		0.16		12		462		272.17

		402		0.1		13		402		272.1

		342		0.04		11		342		272.02

		462		0.09		13		462		271.99

		582		0.06		17		582		271.96

		502		0.15		14		502		271.86

		502		0.07		20		502		271.68

		342		0.16		19		342		271.68

		422		0.04		15		422		271.66

		142		0.34		6		142		271.58

		422		0.24		18		422		271.56

		522		0.09		15		522		271.52

		322		0.2		12		322		271.44

		422		0.15		15		422		271.43

		402		0.09		16		402		271.42

		222		0.27		9		222		271.34

		542		0.1		17		542		271.27

		462		0.03		15		462		271.24

		482		0.09		15		482		271.21

		522		0.14		16		522		271.03

		502		0.1		26		502		270.91

		302		0.11		14		302		270.8

		42		0.81		1		42		270.78

		182		0.28		7		182		270.74

		542		0.04		17		542		270.71

		442		0.24		14		442		270.64

		462		0.06		14		462		270.59

		442		0.17		19		442		270.56

		322		0.13		17		322		270.54

		442		0.05		10		442		270.51

		582		0.08		18		582		270.45

		442		0.15		15		442		270.44

		322		0.11		17		322		270.39

		562		0.11		22		562		270.35

		382		0.15		7		382		270.25

		402		0.11		11		402		270.19

		502		0.07		16		502		270.03

		462		0.15		18		462		270.03

		282		0.15		11		282		270.01

		182		0.24		3		182		269.9

		322		0.06		11		322		269.83

		362		0.13		15		362		269.78

		62		1.03		2		62		269.77

		462		0.25		16		462		269.74

		242		0.14		10		242		269.73

		162		0.23		3		162		269.7

		482		0.07		21		482		269.66

		462		0.28		10		462		269.44

		422		0.06		15		422		269.36

		422		0.08		20		422		269.2

		562		0.12		21		562		269.19

		42		0.33		2		42		269.15

		422		0.15		10		422		269.14

		502		0.2		19		502		269.11

		542		0.15		18		542		269.08

		482		0.2		21		482		269.07

		482		0.09		21		482		269.01

		442		0.24		15		442		268.97

		442		0.07		18		442		268.95

		202		0.2		6		202		268.88

		302		0.17		14		302		268.87

		482		0.18		20		482		268.84

		582		0.07		22		582		268.75

		382		0.08		14		382		268.75

		62		0.18		2		62		268.46

		522		0.28		19		522		268.38

		482		0.08		13		482		268.32

		262		0.26		15		262		268.24

		42		1.46		1		42		268.24

		342		0.13		9		342		268.21

		282		0.09		10		282		268.2

		502		0.15		22		502		268.17

		522		0.19		23		522		268.08

		22		0.41		1		22		268.04

		522		0.04		15		522		268.03

		422		0.06		20		422		267.9

		422		0.13		20		422		267.74

		202		0.35		9		202		267.69

		362		0.09		8		362		267.66

		542		0.07		27		542		267.6

		462		0.13		17		462		267.6

		282		0.3		6		282		267.57

		302		0.04		13		302		267.47

		582		0.15		19		582		267.46

		402		0.18		17		402		267.36

		402		0.3		15		402		267.3

		302		0.11		7		302		267.27

		222		0.34		8		222		267.21

		582		0.09		24		582		267.16

		382		0.18		14		382		267.15

		562		0.11		15		562		266.99

		242		0.16		10		242		266.97

		22		1.51		1		22		266.9

		542		0.1		19		542		266.89

		402		0.07		8		402		266.78

		582		0.14		19		582		266.73

		562		0.1		17		562		266.67

		462		0.07		18		462		266.62

		322		0.16		14		322		266.62

		482		0.11		18		482		266.55

		502		0.11		21		502		266.55

		102		0.1		1		102		266.45

		522		0.1		17		522		266.45

		262		0.15		9		262		266.28

		542		0.48		16		542		266.28

		242		0.36		6		242		266.25

		542		0.16		22		542		266.22

		502		0.05		18		502		266.2

		182		0.57		6		182		266.1

		442		0.04		22		442		266.06

		442		0.24		18		442		266

		562		0.19		20		562		265.91

		562		0.1		33		562		265.86

		402		0.11		16		402		265.86

		142		0.48		5		142		265.83

		582		0.13		28		582		265.82

		562		0.16		21		562		265.82

		362		0.17		14		362		265.82

		82		0.3		2		82		265.73

		542		0.18		23		542		265.61

		542		0.12		46		542		265.6

		282		0.14		8		282		265.6

		382		0.06		12		382		265.58

		22		0.19		1		22		265.58

		522		0.12		13		522		265.52

		522		0.09		21		522		265.51

		562		0.28		17		562		265.49

		42		1.23		3		42		265.46

		362		0.13		16		362		265.44

		342		0.32		15		342		265.39

		302		0.23		11		302		265.26

		42		0.15		2		42		265.23

		222		0.15		7		222		265.19

		222		0.31		10		222		265.17

		582		0.22		27		582		265.09

		522		0.18		26		522		264.93

		82		1.39		3		82		264.91

		162		0.27		6		162		264.66

		342		0.22		14		342		264.63

		342		0.07		13		342		264.62

		382		0.14		10		382		264.61

		182		0.45		6		182		264.57

		462		0.11		18		462		264.53

		482		0.07		15		482		264.51

		522		0.28		24		522		264.48

		162		0.61		6		162		264.43

		502		0.17		19		502		264.36

		122		0.33		4		122		264.33

		582		0.26		27		582		264.28

		362		0.28		12		362		264.27

		262		0.19		17		262		264.14

		362		0.15		11		362		264.02

		522		0.19		17		522		264

		482		0.08		17		482		263.99

		502		0.11		18		502		263.97

		322		0.29		8		322		263.91

		422		0.19		13		422		263.87

		202		0.39		11		202		263.84

		462		0.06		12		462		263.77

		302		0.13		11		302		263.73

		222		0.18		11		222		263.47

		502		0.18		20		502		263.45

		162		0.29		5		162		263.41

		582		0.26		12		582		263.31

		122		0.51		2		122		263.29

		462		0.25		14		462		263.26

		542		0.14		16		542		263.23

		402		0.08		14		402		263.19

		442		0.1		13		442		263.19

		182		0.86		6		182		263.18

		482		0.19		15		482		263.14

		142		0.44		5		142		263.1

		562		0.18		24		562		262.97

		162		0.2		5		162		262.93

		482		0.33		20		482		262.92

		502		0.1		13		502		262.79

		322		0.18		13		322		262.78

		482		0.11		19		482		262.76

		462		0.22		16		462		262.72

		462		0.11		17		462		262.65

		182		0.44		11		182		262.56

		282		0.38		7		282		262.53

		282		0.04		7		282		262.52

		402		0.32		17		402		262.5

		442		0.19		16		442		262.49

		342		0.1		13		342		262.44

		382		0.22		12		382		262.44

		302		0.8		8		302		262.42

		262		0.42		8		262		262.35

		422		0.04		12		422		262.28

		582		0.05		22		582		262.28

		182		0.21		8		182		262.22

		242		0.72		11		242		262.13

		342		0.13		11		342		262.12

		322		0.12		7		322		261.98

		142		0.58		3		142		261.98

		502		0.2		22		502		261.97

		462		0.11		15		462		261.94

		442		0.14		20		442		261.92

		202		0.43		10		202		261.88

		442		0.09		17		442		261.8

		142		0.2		6		142		261.73

		62		0.09		2		62		261.72

		562		0.04		25		562		261.67

		382		0.03		11		382		261.59

		302		0.26		13		302		261.55

		322		0.1		13		322		261.53

		482		0.16		18		482		261.49

		442		0.09		18		442		261.4

		582		0.11		16		582		261.3

		422		0.41		12		422		261.26

		222		0.32		6		222		261.18

		202		0.35		5		202		261.14

		382		0.07		14		382		261.1

		522		0.16		25		522		261.02

		502		0.34		13		502		261

		282		0.5		6		282		261

		202		0.51		4		202		260.95

		262		0.16		17		262		260.85

		442		0.2		15		442		260.83

		422		0.11		15		422		260.81

		582		0.14		22		582		260.76

		542		0.04		36		542		260.71

		462		0.1		21		462		260.64

		302		0.2		17		302		260.63

		322		0.2		10		322		260.56

		322		0.34		12		322		260.49

		402		0.04		17		402		260.48

		82		0.49		3		82		260.45

		302		0.32		7		302		260.42

		462		0.11		23		462		260.41

		342		0.2		12		342		260.36

		262		0.46		13		262		260.32

		542		0.26		15		542		260.27

		562		0.18		35		562		260.25

		322		0.6		12		322		260.22

		442		0.13		22		442		260.15

		242		0.11		6		242		260.07

		362		0.3		14		362		260.04

		402		0.05		18		402		260.01

		482		0.23		22		482		260

		562		0.19		17		562		259.99

		242		0.48		9		242		259.95

		422		0.09		23		422		259.93

		282		0.27		15		282		259.87

		562		0.15		17		562		259.84

		502		0.16		21		502		259.84

		102		0.5		4		102		259.83

		442		0.14		15		442		259.74

		362		0.04		24		362		259.72

		362		0.24		16		362		259.63

		282		0.29		11		282		259.58

		282		0.35		10		282		259.55

		442		0.15		13		442		259.54

		582		0.28		31		582		259.53

		102		0.15		6		102		259.51

		562		0.17		19		562		259.5

		582		0.11		22		582		259.45

		522		0.05		30		522		259.43

		202		0.14		6		202		259.38

		322		0.31		10		322		259.38

		462		0.22		17		462		259.36

		182		0.19		5		182		259.33

		402		0.36		18		402		259.32

		522		0.14		17		522		259.29

		302		0.39		12		302		259.26

		422		0.17		21		422		259.24

		382		0.15		19		382		259.23

		162		0.38		8		162		259.23

		162		0.58		6		162		259.23

		502		0.18		17		502		259.2

		222		0.8		13		222		259.16

		542		0.18		35		542		259.14

		422		0.1		20		422		259.1

		402		0.19		12		402		259.09

		282		0.4		12		282		259.08

		302		0.15		10		302		259.01

		562		0.5		17		562		258.99

		342		0.04		10		342		258.96

		42		0.16		1		42		258.96

		542		0.18		23		542		258.89

		202		0.7		5		202		258.72

		362		0.11		16		362		258.65

		102		0.73		3		102		258.63

		422		0.08		10		422		258.62

		402		0.13		18		402		258.61

		442		0.09		22		442		258.58

		542		0.18		19		542		258.58

		122		1.36		3		122		258.58

		202		0.48		4		202		258.57

		222		0.46		10		222		258.53

		482		0.17		20		482		258.5

		502		0.19		10		502		258.5

		342		0.25		12		342		258.45

		122		0.56		6		122		258.45

		122		0.24		6		122		258.44

		542		0.21		22		542		258.43

		422		0.24		17		422		258.34

		282		0.04		10		282		258.29

		142		0.67		8		142		258.27

		462		0.14		17		462		258.19

		102		0.56		4		102		258.11

		242		0.22		4		242		258.09

		42		0.5		2		42		258.09

		342		0.23		8		342		258.05

		522		0.17		32		522		258.04

		182		0.63		9		182		257.95

		502		0.28		18		502		257.89

		82		0.65		2		82		257.88

		322		0.1		4		322		257.87

		262		0.46		12		262		257.87

		522		0.19		16		522		257.86

		522		0.18		25		522		257.73

		142		0.22		7		142		257.73

		162		0.67		6		162		257.72

		422		0.17		15		422		257.71

		502		0.18		21		502		257.63

		522		0.28		18		522		257.63

		482		0.11		21		482		257.53

		502		0.08		16		502		257.45

		522		0.42		27		522		257.43

		482		0.24		16		482		257.38

		542		0.43		15		542		257.33

		302		0.24		8		302		257.32

		262		0.42		10		262		257.31

		422		0.12		15		422		257.22

		462		0.14		15		462		257.19

		342		0.28		12		342		257.19

		442		0.16		15		442		257.16

		322		0.04		15		322		257.15

		482		0.34		12		482		257.11

		122		0.29		5		122		257.07

		302		0.31		11		302		256.95

		562		0.35		21		562		256.93

		162		0.33		6		162		256.88

		582		0.52		34		582		256.82

		582		0.07		20		582		256.79

		402		0.07		16		402		256.73

		302		0.07		15		302		256.68

		582		0.13		16		582		256.64

		382		0.12		20		382		256.63

		462		0.11		15		462		256.61

		502		0.23		11		502		256.6

		142		0.23		8		142		256.59

		422		0.12		17		422		256.57

		342		0.13		14		342		256.57

		482		0.07		21		482		256.47

		322		0.09		12		322		256.32

		402		0.13		15		402		256.26

		342		0.08		14		342		256.23

		242		0.38		7		242		256.19

		262		0.1		13		262		256.13

		222		0.73		8		222		256.09

		482		0.38		19		482		256.05

		402		0.24		14		402		256.01

		242		0.52		11		242		255.96

		362		0.16		14		362		255.93

		542		0.25		15		542		255.92

		262		0.32		9		262		255.92

		382		0.18		20		382		255.89

		262		0.64		10		262		255.87

		182		0.27		6		182		255.86

		462		0.46		15		462		255.84

		342		0.25		17		342		255.76

		382		0.06		16		382		255.73

		382		0.22		15		382		255.68

		442		0.09		15		442		255.67

		382		0.13		14		382		255.67

		262		0.08		12		262		255.65

		482		0.13		16		482		255.64

		462		0.28		21		462		255.61

		482		0.12		18		482		255.59

		362		0.21		9		362		255.59

		462		0.11		12		462		255.55

		342		0.25		15		342		255.5

		562		0.06		26		562		255.41

		62		0.25		2		62		255.4

		22		0.37		1		22		255.39

		422		0.19		15		422		255.37

		382		0.35		10		382		255.35

		402		0.22		11		402		255.27

		62		0.47		2		62		255.24

		402		0.11		15		402		255.19

		402		0.16		18		402		255.19

		102		0.14		5		102		255.15

		442		0.18		22		442		255.14

		142		0.3		4		142		255.1

		362		0.14		11		362		255.05

		442		0.28		13		442		255.02

		362		0.35		19		362		254.99

		382		0.3		18		382		254.97

		362		0.08		18		362		254.96

		422		0.12		11		422		254.96

		422		0.38		13		422		254.94

		462		0.32		19		462		254.91

		302		0.12		14		302		254.9

		442		0.2		11		442		254.82

		222		0.38		8		222		254.82

		102		0.99		2		102		254.76

		282		0.14		11		282		254.66

		382		0.18		13		382		254.56

		422		0.16		12		422		254.55

		562		0.14		15		562		254.52

		402		0.11		19		402		254.47

		322		0.16		9		322		254.4

		202		0.97		13		202		254.38

		322		0.08		17		322		254.19

		402		0.09		12		402		254.16

		362		0.06		13		362		254.15

		362		0.16		12		362		254.15

		502		0.28		20		502		254.11

		282		0.2		15		282		253.95

		222		0.48		14		222		253.91

		202		0.56		10		202		253.89

		122		0.47		5		122		253.69

		542		0.06		38		542		253.62

		102		0.56		6		102		253.62

		242		0.22		5		242		253.61

		302		0.41		9		302		253.53

		222		0.41		8		222		253.52

		302		0.21		12		302		253.51

		422		0.29		19		422		253.47

		382		0.27		11		382		253.35

		342		0.31		14		342		253.35

		382		0.25		14		382		253.31

		122		1.13		2		122		253.31

		182		0.77		9		182		253.3

		362		0.15		15		362		253.28

		542		0.14		19		542		253.11

		122		2.26		2		122		253.1

		442		0.26		19		442		253.05

		522		0.3		15		522		252.96

		442		0.26		16		442		252.93

		282		0.34		10		282		252.89

		242		0.31		9		242		252.74

		82		0.12		3		82		252.72

		242		0.19		11		242		252.67

		302		0.27		12		302		252.67

		462		0.25		15		462		252.66

		362		0.14		15		362		252.63

		82		0.46		2		82		252.63

		282		0.28		6		282		252.62

		42		2.06		3		42		252.55

		222		0.46		10		222		252.51

		282		0.23		13		282		252.5

		522		0.15		12		522		252.45

		322		0.26		15		322		252.43

		242		0.21		7		242		252.37

		82		0.44		2		82		252.28

		322		0.21		15		322		252.21

		302		0.11		11		302		252.18

		262		0.35		11		262		252.12

		202		0.51		7		202		252.07

		342		0.1		11		342		252.04

		402		0.16		14		402		252.03

		242		0.32		8		242		252

		342		0.2		18		342		251.98

		522		0.04		23		522		251.87

		182		0.22		3		182		251.87

		282		0.23		13		282		251.79

		382		0.16		15		382		251.75

		262		0.2		11		262		251.75

		302		0.12		13		302		251.69

		402		0.27		12		402		251.68

		202		0.58		2		202		251.68

		482		0.3		14		482		251.62

		502		0.24		11		502		251.46

		182		0.39		7		182		251.39

		282		0.6		8		282		251.27

		502		0.59		16		502		251.24

		262		0.35		14		262		251.17

		282		0.11		10		282		251.08

		82		0.26		2		82		251.02

		382		0.13		18		382		250.99

		562		0.22		12		562		250.99

		322		0.25		12		322		250.99

		502		0.08		19		502		250.91

		462		0.67		14		462		250.81

		502		0.17		15		502		250.79

		62		0.53		2		62		250.78

		542		0.31		23		542		250.76

		262		0.3		14		262		250.72

		162		1		6		162		250.71

		402		0.13		12		402		250.68

		422		0.41		14		422		250.49

		522		0.21		9		522		250.38

		362		0.34		13		362		250.35

		162		0.54		6		162		250.31

		482		0.22		21		482		250.15

		262		0.05		4		262		250.14

		242		0.25		9		242		250.11

		422		0.5		24		422		250.11

		142		0.62		5		142		249.99

		222		0.08		5		222		249.98

		382		0.12		10		382		249.96

		62		0.36		1		62		249.91

		242		0.18		5		242		249.85

		402		0.47		12		402		249.8

		62		0.38		3		62		249.79

		322		0.26		19		322		249.74

		342		0.16		11		342		249.49

		582		0.2		21		582		249.36

		302		0.39		11		302		249.35

		442		0.35		17		442		249.33

		482		0.22		15		482		249.32

		202		0.42		4		202		249.15

		402		0.55		15		402		249.11

		282		0.13		12		282		249.1

		322		0.11		18		322		249.05

		182		0.35		7		182		249.05

		482		0.07		14		482		248.97

		302		0.23		12		302		248.97

		382		0.44		21		382		248.91

		242		0.3		7		242		248.89

		282		0.22		13		282		248.86

		362		0.8		7		362		248.79

		202		0.17		6		202		248.59

		382		0.31		15		382		248.53

		222		0.16		7		222		248.38

		222		0.21		14		222		248.34

		62		0.81		2		62		248.29

		362		0.13		14		362		248.2

		282		0.33		16		282		247.99

		362		0.37		11		362		247.86

		442		0.34		11		442		247.61

		262		0.2		7		262		247.58

		422		0.61		13		422		247.48

		22		0.06		1		22		247.46

		482		0.19		15		482		247.46

		142		0.95		7		142		247.32

		262		0.51		14		262		247.29

		382		0.51		14		382		247.08

		462		0.61		9		462		247.07

		242		1.08		4		242		246.95

		462		0.08		17		462		246.92

		342		0.47		14		342		246.88

		62		1.37		1		62		246.88

		362		0.26		11		362		246.76

		82		0.88		3		82		246.71

		102		0.44		4		102		246.51

		322		0.64		11		322		246.49

		162		0.59		5		162		246.46

		302		0.21		11		302		246.42

		282		0.64		17		282		246.42

		262		0.14		10		262		246.28

		162		1.43		7		162		246.26

		342		0.28		16		342		246.25

		122		0.61		3		122		246.23

		262		0.24		9		262		246.19

		442		0.09		16		442		246.13

		462		0.21		17		462		246.12

		242		0.25		10		242		246.12

		102		0.24		7		102		246.1

		182		0.47		9		182		246.02

		342		0.11		11		342		246.01

		142		0.4		6		142		245.88

		182		0.28		9		182		245.69

		222		0.95		10		222		245.56

		82		0.38		2		82		245.55

		42		0.25		2		42		245.54

		342		0.39		10		342		245.42

		302		0.12		10		302		245.23

		222		0.19		7		222		245.11

		442		0.27		16		442		245.06

		362		0.11		12		362		244.97

		262		1.1		8		262		244.96

		62		1.31		2		62		244.85

		222		0.35		11		222		244.75

		122		1.41		4		122		244.74

		262		0.15		9		262		244.51

		422		0.07		10		422		244.5

		202		0.7		7		202		244.45

		462		0.26		11		462		244.4

		402		0.53		11		402		244.31

		282		0.09		6		282		244.26

		142		1.5		8		142		244.26

		322		0.77		11		322		244.16

		42		0.39		2		42		244.1

		402		0.09		14		402		243.84

		342		0.26		14		342		243.74

		422		0.35		17		422		243.66

		382		0.14		17		382		243.6

		102		1.18		4		102		243.06

		242		0.18		14		242		243.05

		322		0.13		18		322		243.01

		382		0.11		9		382		242.94

		102		0.74		4		102		242.9

		162		0.83		4		162		242.89

		202		0.28		12		202		242.78

		402		0.29		12		402		242.78

		382		0.36		12		382		242.78

		62		0.73		1		62		242.74

		122		1.41		2		122		242.6

		62		0.09		2		62		242.32

		422		0.36		9		422		242.24

		302		0.77		12		302		242.24

		142		0.31		8		142		242.19

		202		0.85		7		202		242.04

		382		0.71		18		382		242.01

		342		0.15		12		342		242

		362		0.5		6		362		241.6

		42		0.36		1		42		241.59

		182		0.74		7		182		241.51

		162		0.09		3		162		241.47

		322		0.5		12		322		241.47

		222		0.26		9		222		241.37

		242		0.32		12		242		241.37

		182		1.53		5		182		241.34

		62		0.72		3		62		241.27

		362		0.45		20		362		241.24

		362		0.5		8		362		241.1

		162		0.11		4		162		241.06

		242		0.22		10		242		240.99

		122		0.82		2		122		240.99

		442		0.24		21		442		240.9

		202		1.63		6		202		240.9

		202		0.33		10		202		240.79

		142		0.49		7		142		240.76

		242		0.66		9		242		240.73

		222		0.22		6		222		240.64

		182		0.35		7		182		240.64

		282		0.14		13		282		240.58

		82		2.2		5		82		240.55

		222		0.87		9		222		240.42

		442		0.29		18		442		240.39

		322		0.59		11		322		240.39

		362		0.06		10		362		240.35

		282		1.45		7		282		240.34

		122		0.15		1		122		240.32

		202		0.46		10		202		240.28

		402		0.52		12		402		239.97

		142		0.54		6		142		239.97

		302		0.35		12		302		239.78

		82		0.65		2		82		239.75

		282		0.28		11		282		239.71

		242		0.44		9		242		239.71

		262		0.51		8		262		239.69

		242		0.14		9		242		239.63

		162		1.42		3		162		239.61

		342		0.73		14		342		239.27

		162		0.53		7		162		239.26

		262		0.85		9		262		239.19

		142		0.29		4		142		239.17

		422		0.34		9		422		239.13

		242		1.42		10		242		239.1

		302		0.57		8		302		238.95

		362		0.16		13		362		238.9

		262		0.1		6		262		238.84

		322		0.41		8		322		238.83

		102		1.16		6		102		238.64

		302		0.19		8		302		238.63

		342		0.5		14		342		238.62

		42		0.19		2		42		238.56

		222		0.22		7		222		238.51

		222		0.84		14		222		238.37

		62		1.17		2		62		238.29

		122		0.88		3		122		238.28

		382		0.38		17		382		238.21

		82		0.6		1		82		238.05

		182		0.25		4		182		237.98

		362		0.46		5		362		237.98

		222		0.18		9		222		237.97

		402		0.18		11		402		237.73

		262		0.23		5		262		237.71

		122		0.09		3		122		237.64

		302		0.37		16		302		237.64

		322		0.13		9		322		237.63

		102		0.3		4		102		237.56

		102		0.49		8		102		237.49

		342		0.53		13		342		237.45

		342		0.38		13		342		237.39

		362		0.23		7		362		237.32

		322		0.29		9		322		237.21

		282		0.31		8		282		237.21

		162		0.81		6		162		237.12

		42		0.99		1		42		237.01

		142		0.54		5		142		236.93

		182		0.55		7		182		236.82

		382		0.28		14		382		236.77

		202		0.38		7		202		236.64

		342		0.12		13		342		236.35

		322		0.47		6		322		236.08

		302		0.4		6		302		235.93

		282		0.48		6		282		235.92

		82		2.25		3		82		235.91

		62		0.58		2		62		235.85

		222		0.36		10		222		235.76

		202		0.57		9		202		235.7

		282		0.33		11		282		235.52

		102		0.25		4		102		235.18

		422		0.24		21		422		235.11

		302		0.45		10		302		235.02

		62		0.65		3		62		235.01

		82		0.39		3		82		234.94

		262		0.8		4		262		234.84

		82		0.8		2		82		234.81

		142		0.27		8		142		234.79

		222		0.22		11		222		234.74

		42		0.44		2		42		234.72

		282		0.56		9		282		234.72

		42		0.36		1		42		234.65

		322		0.47		8		322		234.62

		62		0.87		3		62		234.62

		262		0.14		11		262		234.58

		22		2.48		1		22		234.58

		342		0.13		19		342		234.44

		302		0.78		11		302		234.42

		282		0.19		15		282		234.16

		22		1.35		1		22		233.87

		102		0.48		4		102		233.74

		242		0.22		9		242		233.64

		182		0.49		7		182		233.63

		402		0.24		13		402		233.23

		242		0.51		6		242		233.18

		122		0.5		3		122		233.1

		122		0.4		5		122		233.08

		202		0.28		13		202		232.92

		322		0.11		11		322		232.9

		342		0.61		10		342		232.7

		202		0.92		7		202		232.59

		82		1.28		1		82		232.47

		62		1.21		4		62		232.46

		182		0.3		8		182		232.41

		62		0.44		3		62		232.32

		282		0.5		9		282		232.31

		262		0.39		9		262		232.28

		162		0.53		6		162		232.11

		262		0.17		10		262		232.1

		262		0.91		10		262		232.1

		382		0.36		18		382		231.96

		302		0.17		9		302		231.95

		262		0.5		7		262		231.79

		262		0.52		10		262		231.57

		262		0.32		5		262		231.38

		42		0.88		1		42		231.3

		242		0.51		9		242		231.27

		142		0.24		6		142		231.06

		102		0.54		4		102		230.9

		242		0.47		7		242		230.86

		202		0.28		8		202		230.81

		222		0.72		8		222		230.61

		362		0.35		17		362		230.49

		282		0.34		7		282		230.31

		202		0.37		8		202		230.12

		122		0.42		5		122		230.12

		62		0.99		3		62		230.08

		242		0.87		12		242		230.07

		302		0.13		9		302		230

		342		0.21		12		342		229.69

		242		0.49		7		242		229.53

		242		0.2		11		242		229.49

		222		0.64		8		222		229.36

		182		0.47		8		182		229.35

		82		1.99		5		82		229.22

		242		0.15		12		242		229.06

		222		0.4		8		222		228.97

		322		0.16		8		322		228.8

		202		0.9		8		202		228.72

		222		0.65		8		222		228.54

		182		0.92		8		182		228.49

		202		0.23		3		202		228.3

		242		0.43		9		242		228.22

		182		0.38		6		182		227.96

		102		0.57		4		102		227.96

		162		0.3		6		162		227.83

		142		0.63		8		142		227.57

		162		0.45		5		162		227.37

		242		0.46		5		242		227.18

		102		1.52		5		102		227

		222		0.49		9		222		226.99

		282		0.18		10		282		226.98

		182		0.17		4		182		226.9

		322		0.35		16		322		226.31

		162		0.54		6		162		226.28

		222		0.35		9		222		226.21

		222		0.43		7		222		226.21

		222		0.18		6		222		226.19

		182		0.43		4		182		226.18

		202		0.65		5		202		226.03

		62		0.82		2		62		226

		202		1.05		5		202		225.65

		202		0.32		6		202		225.46

		182		0.46		10		182		225.29

		162		0.44		9		162		225

		182		0.43		8		182		224.78

		82		0.66		4		82		224.75

		222		0.23		10		222		224.67

		302		0.18		11		302		224.59

		122		1.26		4		122		224.43

		262		0.18		5		262		224.23

		142		1.06		7		142		224.09

		202		0.94		5		202		224.06

		142		0.85		6		142		224

		102		1.52		3		102		223.97

		202		0.99		7		202		223.87

		162		0.29		5		162		223.81

		22		1.1		1		22		223.8

		182		0.54		7		182		223.67

		82		1.18		2		82		223.54

		202		0.19		9		202		223.52

		202		0.23		13		202		223.46

		162		0.61		8		162		223.28

		42		1.03		1		42		223.27

		122		1.33		5		122		223.18

		162		0.8		3		162		223.05

		222		0.42		7		222		223

		142		0.95		5		142		222.67

		322		0.67		15		322		222.58

		182		0.7		4		182		222.48

		182		0.44		6		182		222.3

		122		0.99		5		122		222

		142		0.64		2		142		221.97

		82		1.55		3		82		221.94

		242		0.24		12		242		221.85

		302		0.42		15		302		221.85

		162		1.06		7		162		221.85

		182		0.4		6		182		221.81

		282		0.2		13		282		221.69

		22		2.02		1		22		221.56

		182		0.28		5		182		221.5

		162		0.66		5		162		221.36

		162		0.88		4		162		221.33

		82		1.41		1		82		221

		62		1.3		1		62		220.89

		82		1.24		3		82		220.81

		102		1.17		3		102		220.66

		42		1.51		2		42		220.62

		182		0.52		8		182		220.6

		162		0.39		9		162		220.43

		202		0.46		4		202		220.25

		122		0.93		5		122		220.15

		162		0.87		4		162		220.12

		42		1.79		1		42		219.99

		162		0.53		7		162		219.81

		142		1.33		3		142		219.81

		82		1.16		4		82		219.63

		262		0.29		10		262		219.61

		122		0.47		4		122		219.6

		122		0.8		7		122		219.37

		142		0.44		5		142		219.33

		182		1.03		6		182		219.23

		222		0.32		4		222		219.21

		122		1.15		4		122		219.11

		162		0.97		6		162		219.06

		122		0.61		3		122		218.9

		142		0.84		8		142		218.79

		142		1.02		6		142		218.49

		162		1.16		5		162		218.36

		102		1.44		6		102		218.32

		142		0.73		5		142		218.04

		142		0.76		7		142		218.04

		102		0.69		4		102		217.87

		102		0.83		3		102		217.85

		22		0.7		1		22		217.8

		122		0.97		7		122		217.7

		102		0.73		1		102		217.48

		142		0.84		4		142		217.36

		142		0.9		7		142		217.16

		302		0.52		11		302		216.79

		242		0.35		6		242		216.77

		62		1.9		2		62		216.51

		142		0.69		4		142		216.33

		182		0.68		6		182		216.23

		122		1		6		122		216.09

		282		0.58		9		282		215.86

		102		2.26		2		102		215.74

		82		1.38		2		82		215.44

		122		0.95		4		122		215.27

		202		0.41		5		202		215.03

		82		1.02		5		82		214.84

		182		1.44		9		182		214.76

		122		0.92		5		122		214.64

		102		1.35		3		102		214.5

		82		2.21		4		82		214.39

		142		0.41		4		142		214.38

		222		0.59		12		222		214.31

		282		0.86		12		282		214.29

		62		0.42		2		62		213.68

		122		2.1		7		122		213.61

		162		1.82		8		162		213.45

		162		0.62		4		162		213.41

		62		0.29		1		62		213.3

		62		1.53		3		62		213.19

		182		0.62		6		182		213.16

		262		0.73		10		262		212.98

		242		1.03		10		242		212.85

		102		0.54		3		102		212.7

		202		0.85		8		202		212.52

		82		1.96		4		82		212.4

		102		1.86		4		102		212.37

		62		0.87		1		62		212.36

		162		0.65		6		162		212.04

		202		1.32		10		202		212.04

		142		2.04		4		142		212.02

		82		1.07		4		82		211.98

		42		1.65		2		42		211.9

		222		0.95		11		222		211.68

		122		0.63		8		122		211.66

		62		1.93		3		62		211.56

		42		1.18		3		42		211.44

		102		1.57		1		102		211.42

		102		0.85		5		102		211.33

		142		0.85		2		142		211.31

		122		1.03		9		122		211.31

		182		1.19		8		182		211.26

		162		0.14		3		162		211.23

		162		1.73		4		162		211.11

		102		0.82		2		102		211.1

		122		1.16		6		122		210.66

		122		1.49		1		122		210.49

		262		1.13		18		262		210.26

		222		1.29		10		222		210.13

		42		0.76		2		42		209.68

		202		1.16		9		202		209.61

		142		1.33		4		142		209.56

		122		0.47		4		122		209.34

		142		0.25		5		142		209.17

		62		0.46		2		62		209.15

		242		1.61		5		242		209.11

		82		2.17		4		82		209.02

		82		0.42		3		82		208.83

		142		1.76		7		142		208.43

		82		1.31		3		82		208.23

		102		1.04		3		102		207.76

		22		0.4		1		22		207.65

		122		1.38		2		122		207.24

		62		1.77		1		62		207.2

		62		0.17		2		62		207.11

		42		0.85		2		42		207.01

		182		1.84		7		182		206.94

		22		0.85		1		22		206.69

		62		0.79		4		62		206.45

		42		0.59		2		42		206.15

		82		0.71		4		82		205.92

		82		1.23		4		82		205.84

		42		2.62		1		42		205.6

		62		1.63		3		62		205.55

		42		0.08		1		42		205.46

		42		1		1		42		205.14

		102		0.6		5		102		204.98

		62		1.8		2		62		204.66

		162		0.81		5		162		204.61

		102		1.35		4		102		204.46

		22		1.17		1		22		203.91

		122		2.37		3		122		203.71

		62		1.37		2		62		202.37

		22		0.53		1		22		201.53

		62		2.24		2		62		201.53

		22		2.05		1		22		201.22

		42		0.94		1		42		200.62

		62		1.41		4		62		200.4

		142		1.88		8		142		200.31

		42		2.64		1		42		200.3

		82		0.73		2		82		200.22

		82		1.18		2		82		200

		102		1.45		6		102		199.47

		22		1.29		1		22		198.97

		82		0.75		2		82		198.34

		42		2.34		2		42		198.16

		62		0.84		2		62		196.88

		122		2		3		122		196.2

		62		1.59		2		62		195.87

		102		1.75		6		102		195.08

		82		2.67		3		82		194.9

		22		0.85		1		22		193.81
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avaraged TBB (K)

averaged CLW (mm)
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averaged BT (K)

averaged CLW (mm)

CLW = 717.25×e-0.0315×BT
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