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Summary and purpose of document


This document outlines the action being taken for the reporting of problem units

to airlines, by the National Centers for Environmental Prediction, (NCEP).



Action proposed

The meeting is invited to take into account the recommendations outlined

in this document and to make proposals.
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D.
ACAR  Attachment 4

ACARS QC and Monitoring Report

By Bradley Ballish NCEP 

As part of NCEP, the lead center for aircraft data, this report addresses some actions we are starting for reporting problem units to the airlines so that they may eventually fix the problem.  In addition, the QC of ACARS data is discussed for others who may want to improve their QC as well as for possible QC of the data before it is transmitted on the GTS.

On 12 June, I will be meeting with airline meteorologists, and I will propose ACARS monitoring reports I could send to them each month.  Assuming they agree, which is likely, I will start sending reports monthly be e-mail.  It may take a long time for some problems to be corrected as it can be expensive and time consuming for the airlines to correct problems.

For ACARS QC, there are a number of simple reasons to reject data that will eliminate most of the truly wrong ACARS data.  For anyone who really wants to make a lot of effort with complex codes, they may do slightly better.  Currently, there are no know ACARS data that fly at high altitudes such as above 100 hPa, yet we do get spurious reports around 55 hPa that are clearly wrong.  It is safe to reject all ACARS data with a pressure of less than 100 hPa.  Some years ago, it was common to get an ACARS reports at 37,000 feet with a duplicate at half that altitude.  This sort of error is rather rare today.  Another current common error is to get reports at exactly 0.0 degrees north or east.  Such reports are very likely mistakes.  It is possible that an aircraft could be flying across the equator or the Greenwich Meridian and report at exactly 0.0 north or east, but that seems to be rare.  One could simple delete such reports, and if a small number where actually correct, the data loss would likely be small since such units usually report frequently.  Another common problem is spurious calm winds.  Some units report nearly all of their winds between 700 hPa and the surface as calm (see attachment 3).  Again, it is possible that a reported calm wind is correct, but there are so many incorrect calm winds that one is clearly better off deleting all calm winds.  Some aircraft only report exactly zero for the time of day.  This could easily result in an error of several hours in the time of the report, so such data should not be used.  One can either put such units on a reject list or have a code that rejects all data from a unit if all their times are zero for a given period of time used in model runs.  A more complicated error is the many spurious –9.0 centigrade temperatures that may aircraft send.  Many units have correct temperatures until the aircraft reaches an altitude where the actual temperature reaches –9.0, then the aircraft keeps reporting –9.0 even at jet level where the true temperature may be roughly 50 degrees colder.  Pat Pauley of the US Naval Research Lab found that these problem temperatures all have a missing phase of flight and a temperature precision of 1.0.  ACARS temperature reports that meet these criteria can be safely deleted.  Pat has also documented cases where the aircraft has an error of 180 degrees in wind direction, but these are rather rare and are likely to be deleted by other QC codes.  In addition, one can use a reject list to delete problem units. 

Besides the above simple QC actions, one can attempt to perform track-checking on the ACARS data, but that it not easy or that productive.  One difficulty for track-checking such data is that we frequently get 2 or 3 reports with the same time.  The unit may be ascending or descending with frequent reports, but the reporting time precision does not show a change in time.  When this happens, a simple tracking code may think the unit has moved a finite distance in zero time, which is an impossible speed.  In addition, it is common to get reports that one would say are good to use in model runs, but they seem to have small time errors that again look like impossible speeds.  However, there can be rare track-check errors that are due to large errors in position.  For such errors, it could be useful to have a track-checking code to delete the data, but we at NCEP do not yet have such a code developed.  See attachment 4 for an example of significant track-check errors.

Other types of QC codes can and should be used with ACARS data, but they are not reliable especially if the simple ACARS errors are not rejected first.  For example, at NCEP, I have seen in the past different spurious ACARS reports at 55 hPa buddy check each other and pass QC even thought they were quite wrong.

Because of the high density of ACARS data over the US, such data may show a small scale meteorological feature that may or may not be useful to one’s analysis or forecast model.  Such data may or may not pass QC and may or may not show all of the small scale feature.  Depending on the situation, it is very difficult to guess whether such data is helpful in advance.  For example, if the ACARS data shows divergent outflow from thunderstorms, the divergent wind could easily be used to make rotational corrections to the guess in some analysis situations.  Even if the analysis resulted in the proper divergent wind, the model may not have the right moisture or convection to make good use of the divergence and may result in gravity wave noise.

For possible QC of the ACARS data before it is put on the GTS, the above simple QC actions could be taken in a timely manner.  An additional step could be added to flag all data that differ from the guess by a certain amount.  The reject list for such data would have to be updated frequently, as the users may not have state of the art QC.  The data flagging would need some change in the ACARS data transmission code that would need international agreement.  Users could over ride the flags if they chose to.  More complicated QC would require considerably more computer resources, would be less timely and not always correct, such as in the above thunderstorm example.    Possibly, this meeting could help decide what type of QC is needed for the GTS.  Such QC action would also need approval by NWS managers. 

Since the ACARS data is constantly changing location, some of the typical monthly maps of data versus the model guess or analysis versus guess would not be very useful.  As such, I made some statistics on ACARS data averaged for the month of April at NCEP, but these new statistics include averages of the final analysis minus guess at the ACARS data locations.  See attachment 1 for temperature statistics for ACARS temperatures that pass QC, which are valid for all pressures.  The average response of analysis minus guess is complicated involving how the analysis responds to many types of data in variable locations and quantities.  However, the temperature statistics clearly show some net averaged impact in the average value of the analysis temperature.  The last 3 units in attachment 3 clearly caused average temperature changes of about a degree.  Most of the units have small temperature bias as well as small temperature impacts on the analysis on average.  This shows that one needs to put problem units on a reject-list quickly as they can cause systematic negative impact.  In similar diagnostics shown in attachment 2 are wind statistics for ACARS data that pass QC and are at 400 hPa or above.  For many units, the average value of analysis minus guess for wind speed is positive, which may be good.  That is the guess is likely to show a low speed bias versus other data.  For unit CYHR5BA, the unit seems to be resulting in an average speed decrease of about a m/sec, which is probably not good.

ACAR Attachment 1

ACAR Temperature Statistics for NCEP April 2002 Units with 500 or more Temperature OBS sorted by A-G Here A is Analysis O is Observation G is 

Guess                      {Bias      } {RMS      }

ID       NRUNS NUMT    A-G    O-G   A-G   O-G

LCMUIRZA   82  1304  -0.42  -2.38  0.77  2.62

J4TFJEBA   77  1103  -0.41  -1.15  0.64  1.50


XMQFJERA   65   949  -0.38  -1.04  0.59  1.36

SVJIR3ZA   71  1283  -0.31  -0.99  0.77  1.58

5ZJVJGRA   71  1039  -0.30  -0.92  0.54  1.23

N4Y13SRA   47   795  -0.30  -1.03  0.66  1.45

DS113RRA   88  1693  -0.29  -0.89  0.67  1.47

42ZEILJA   36  1157  -0.27  -0.97  1.03  1.81

4ABQVXZA   90  1733  -0.27  -1.34  0.68  1.73

R5OUILBA   43  1442  -0.25  -1.06  0.96  2.08

USDIR5BA   74  1439  -0.24  -0.41  0.68  1.20

IHKYR3JA   49  1059  -0.23  -0.45  0.68  1.21

LWGYR3BA   36  2798  -0.23  -0.65  0.62  1.17

PRPUIRJA   91  1609  -0.23  -1.09  0.71  1.57

HWG13RRA   65  1136  -0.22  -1.01  0.65  1.58

5IUGUWJA   71  5609   0.34   0.52  0.76  1.49

F2DKJFBA   64  3138   0.34   0.54  0.81  1.32

XDQGUURA   87  8738   0.34   0.55  1.01  1.53

C4YKJGZA   38  2525   0.37   0.46  0.88  1.30

MMZGUUBA   46  4429   0.37   0.59  0.89  1.63

N3SGU1ZA   47  5048   0.37   0.77  0.87  1.57

ADH0JFRA   40  2582   0.38   0.38  1.02  1.38

0YYWUWJA   52  5573   0.40   0.62  0.95  1.64

GKJKJGZA   53  2371   0.41   0.46  1.02  1.41

QPIGUWBA   62  4900   0.42   0.96  0.78  1.71

E1EGUWRA   46  4697   0.43   1.09  0.88  1.79

XD3WUURA   60  6644   0.51   1.36  0.98  2.04

VE0GUUZA   72   772   0.53   0.42  0.68  1.04

I3GFVSBA   50   991   0.68   4.20  1.10  4.57

IDTGUURA   59  3140   0.89   3.65  1.41  4.20

J0AGUUBA   33  1105   0.95   3.84  1.48  4.33

YNWGU1JA   86  4674   1.44   4.43  2.01  4.80

ACAR Attachment 2

ACAR Wind Statistics for NCEP April 2002 Units with 500 or more Wind OBS sorted by A-G Speeds Here A is Analysis O is Observation G is Guess

                       {Speed Bias }  {RMS Differences}

ID       NRUNS   NUMW    A-G    O-G    A-G    O-G

CYHYR5BA   30     518  -0.85  -1.05   3.24   6.32

V3QYR3JA   32     546  -0.47  -0.93   2.69   5.98

2HNYR4RA   37     559  -0.32  -0.03   2.62   5.80

2T5YR4RA   34     572  -0.29  -0.45   2.54   4.90

WKNIR3JA   32     533  -0.28  -0.16   2.32   4.70

3XYIR4RA   40     743  -0.24  -0.30   2.75   6.54

ASAL3RZA   65     528  -0.24  -0.67   2.83   6.04

4DBYR4RA   38     507  -0.23  -0.31   2.75   6.13

5YSYR4RA   38    1803  -0.20  -0.35   2.99   4.89

FVN0IGRA   76     530  -0.20  -0.67   2.74   5.88

WFPIR3RA   39     673  -0.19  -0.18   3.01   5.60

BPZGUWRA   44     927  -0.18   0.19   2.98   6.01

JM5IC1ZA   92    1402   1.03   1.48   3.22   6.07

GRBWUUZA   45    1266   1.04   1.41   3.34   5.71

PPHYC1RA   88    1268   1.04   1.65   3.64   6.49

GQKYCWBA   99    1343   1.06   1.63   3.62   6.59

MKUKJGRA   47    1732   1.06   1.31   3.57   6.05

W4F13SJA   93    1595   1.08   1.29   3.81   6.57

GJLL3RRA   50    1073   1.12   1.50   4.08   6.95

JQXEITBA   76    1352   1.12   1.36   3.56   6.07

WXA13SZA   53     714   1.13   1.67   3.12   5.83

UXRKJGZA   50    2416   1.14   1.45   3.68   5.98

VCUUISRA   43     834   1.14   1.73   4.20   6.73

5ZJVJGRA   71    1036   1.19   1.51   3.58   5.63

ACARS Attachment 3

ACARS Zero Wind Stats 9-01 to 9-27 2001 60 worst Units NZ is the number of calm winds in the pressure range NT is the total number of winds in the pressure range

         {SFC   to  700 hPa}  {699 hPa  and  up}

ID        NZ/NT   NT      NZ  NZ/NT   NT      NZ

Q2K13RBA   0.93    14     13   0.00   117      0 

DSL13RJA   0.94    16     15   0.00   101      0 

SOZ13SZA   0.94    53     50   0.01   402      3 

3ST13QZA   0.95    19     18   0.00    84      0 

ALC13TBA   0.95   101     96   0.00   482      2 

EUR13RZA   0.95    79     75   0.00   540      0 

JMTL3SZA   0.95   110    105   0.00   716      0 

M0ZL3SJA   0.95    42     40   0.00   240      0 

45TL3RZA   0.96    48     46   0.01   385      2 

N4I13SJA   0.96   109    105   0.00   703      0 

0UE13RZA   0.97   101     98   0.00   635      1 

BN113TBA   0.97   109    106   0.00   619      0 

DL3L3RZA   0.97    78     76   0.00   535      1 

GGWL3RJA   0.97   103    100   0.00   589      1 

GSHL3RJA   0.97    97     94   0.00   577      0 

LSG13SBA   0.97   103    100   0.00   540      0 

PZWL3SRA   0.97    67     65   0.01   437      3 

RI1L3RBA   0.97   119    116   0.00   685      1 

VFF13RRA   0.97    80     78   0.00   483      2 

YVCL3QZA   0.97    72     70   0.00   547      1 

Z52L3SBA   0.97   105    102   0.00   746      1 

1UO13QZA   0.98    92     90   0.00   439      1 

3LNL3SBA   0.98    99     97   0.00   510      1 

CAEL3RZA   0.98    81     79   0.00   446      2 

DTYL3RRA   0.98    83     81   0.00   535      1 

LKR13SJA   0.98    91     89   0.00   578      1 

OJ013SRA   0.98   127    125   0.00   501      1 

S0ML3SZA   0.98    89     87   0.00   515      0 

UBU13RRA   0.98    53     52   0.00   285      0 

VZA13SZA   0.98   100     98   0.00   479      1 

ZBV13QZA   0.98    93     91   0.01   457      3 

0GGL3QZA   0.99   116    115   0.00   766      0 

0Q5L3QZA   0.99   111    110   0.00   615      0 

1AVL3RZA   0.99    87     86   0.00   600      1 

5SW13RJA   0.99    77     76   0.00   466      0 

EVSL3RJA   0.99    98     97   0.00   535      0 

HU413RJA   0.99    96     95   0.01   577      3 

JUUL3SRA   0.99    83     82   0.00   483      1 

PNL13SRA   0.99    79     78   0.00   463      0 

SHO13RBA   0.99    83     82   0.00   529      1 

YUB13SBA   0.99   106    105   0.00   602      3 

BZOL3TBA   1.00    56     56   0.00   343      1 

FAI13RZA   1.00    23     23   0.00   148      0 

GHJL3RRA   1.00   117    117   0.00   494      1 

IIKL3SZA   1.00    22     22   0.00   134      0 

JYC13SZA   1.00    82     82   0.03   580     17 

K5DL3SRA   1.00    35     35   0.00   169      0 

MNAL3SJA   1.00    78     78   0.00   592      0 

NAFL3SRA   1.00    53     53   0.01   375      2 

OE513SBA   1.00    16     16   0.00    74      0 

QVNL3RRA   1.00    14     14   0.00    63      0 

RB2L3RRA   1.00    65     65   0.00     0      0 

TVBGUUJA   1.00     1      1   0.00    36      0 

TXQL3RBA   1.00    68     68   0.00   378      0 

VT5L3RBA   1.00   180    180   0.00     0      0 

W2313SZA   1.00    31     31   0.00   234      0 

W34L3SJA   1.00    87     87   0.00   457      0 

XDBL3RBA   1.00    68     68   0.00   420      0 

XLD13SJA   1.00    74     74   0.00   500      2 

ZAQ13SBA   1.00    22     22   0.00   107      0 

ACARS Attachment 4

For the 18Z run on 12 August unit QVNL3RRA had track-check problems.It was incorrectly located at " 2.12S 5.00W" and then at " 0.51S 174.66E". A track-checking code tries to find these sort of errors and then reject the incorrect data.  This is a difficult problem.  We get multiple ACARS reports with the same time, but their data looks OK.  Also, there are many small errors in location and time that result in unrealistic speeds calculated between reports.  Often this data still looks good.  The big location errors shown by QVNL3RRA are rare.  Besides the small inconsistencies in location and time, a more common error is data at 0.0N or 0.0E or data around 55 hPa.  These simple track-check errors could be easily flagged.

Here Winds are in knots, TOB is the observed temperature, TDIF the difference to the guess, QM is the quality mark, with QM=4 or higher rejected, DOB is the wind direction of the observation, while DGS is the same for the guess and WDIF is the vector difference of the OB wind to the guess. 

QVNL3RRA data for 18Z run on 12 August 2001

ID       Time   Lat     Lon     Press  TOB   TDIF QM DOB/DGS SOB SGS QM  WDIF

QVNL3RRA 15.70   2.12S   5.00W  335.3 -24.8   0.2  2 174/101 151  26  5 145.4

QVNL3RRA 15.82  37.81N  79.92W  288.8 -32.5   0.6  2 288/243  27  16  1  19.4

QVNL3RRA 15.95  37.01N  80.85W  287.4 -33.0   0.2  2 259/255  32  14  1  17.7

QVNL3RRA 16.07  36.33N  81.67W  287.4 -33.5  -0.3  2 268/271  25  16  1   9.4

QVNL3RRA 16.20  35.89N  82.51W  287.4 -33.3   0.0  2 291/272  43  17  1  27.3

QVNL3RRA 16.32  35.01N  83.03W  397.8 -16.5   0.2  2 305/285  11   8  1   4.5

QVNL3RRA 16.45  34.66N  84.01W  493.6  -6.5  -1.0  2 322/243  13   6  1  13.1

QVNL3RRA 18.05  34.01N  84.27W  538.1  -2.5  -0.4  2 211/231  30   7  1  23.4

QVNL3RRA 18.18  34.38N  83.42W  338.3 -24.0   0.9  2 089/282  19   4  1  22.7

QVNL3RRA 18.30  35.02N  82.52W  287.4 -33.3  -0.3  2 102/299  15  11  1  25.3

QVNL3RRA 18.43  35.58N  81.56W  262.0 -38.8  -0.5  2 087/299   8  14  1  21.0

QVNL3RRA 18.55  36.01N  80.57W  262.0 -38.5  -0.1  2 091/289  10   9  1  18.5

QVNL3RRA 18.93  37.06N  78.21W  287.4 -33.0   0.4  2 150/248  15  11  1  19.6

QVNL3RRA 19.30   0.51S 174.66E  300.9 -31.3  -2.4  2 050/026   5  10  1   5.5

