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Introduction 

In the analysis  of upper-level  charts, the  lr.ck of sufficient wind 
observations  remains a significant problem.    This deficiency  is particularly 
apparent with the recent aviation requirement of winds at and above the 
jet stream iovel and with the advent of forecasting techniques based on 
a knowledge  of  the wind  field  in this  region  (cf.  l,  9,  12}.    The present 
density of wind reports  is inadequate to determine  the wind field to the 
degree required  for the  above  and will renain  so until  it  increases to 
at least that of tne raob network regardless of the weather conditions  and 
wind speeds  encountered.    Until  that time, reported winds will  have  to b« 
supplemented with computed viinds  in spite of the  admitted inadequacies of 
the latter. 

Much has  been said in the  literature concerning the computation of 
winds  (cf.  3,  5,  6,  Q) but little  if any has been especially concerned with 
the high speed winds  associated with the  jet stream.    The purpose  of this 
paper is to introduce  and  test a computational technique that considers the 
special  proDlems  of upper-lovei high-speed winds  and yet is  simple enough to 
be applied in routine analysis and forecasting. 

Preliminary Considerations 

A factor whioh is ,;,eneraliy neglected in the  computation of low-speed 
winds, but which must be  considered here,  is the  choice of a map projection 
suitable  for analysis  of the height field.    Of the naps  most frequently used 
for mid-latitude  analysis,  the polar  stereographic  and the Lamoort oonformal 
oonic,  only the latter   is   suitable.    The reason being that  only  on  this pro- 
jection will the curvature of a line on the map closely approximate the 
geodesic curvature of the line on the earth.except for scale differences. 
When using the stereographic projection, the difference between the real and 
the measured curvature can  result in errors of 2C-25 per cent in the com- 
puted wind in the jet stream region, for the error is directly proportional 
to the wind speed as well as inversely proportional to the  latitude  (when 
south of the true parallel,  and the curvature. 
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k  painstaking analysis of the height field at the level of interest is 
assumed in the discussion since oomputed wind speeds are, of course* primarily 
dependent on the height gradient. The reader is referred to (ij for a detailed 
dlsoussion of the problems involved in such an analysis. 

Neiburrer et al (5J found that for winds at tho 700-mb level, computations 
using the geostrcphic assumption gave just as good results as those using the 
gradient ~**umptlon. But this result would rot be expected at upper levels where 
the wind speeds are much hirher, for the gradient correction is a sec< nd order 
funotion of the wind speed. Therefore, the method of computation to be discussed 
is based on the gradient wind assumptions. 

Constructien of the Gradient Wind Monograms 

Nomograais were constructed from the gradient wind equation as expressed by 

^*+ f (v-v,)= o 

where V is the gradient wind, V is tne geostrcphic wind, f is the ooriclis 
parameter, and R is the radiu3 of curvature of tho trajectory of the air parcel 
(positive for cy.lomcj. The parameters of this equation are easily calculated 
from a constant pressure chart with the exception of R, . The usual assumptions 
in thi3 regard are to consider R ocual to the radius of curvature of the 
streamlines (RSJ» which in turn is equal to that of the ccntours (R0Jo 

These assumptions signify the existence or a stationary steady state 
pattern of contours. However, this is not usually the case in the atmosphere. 
Considering R equal to R is tantamount to 3aying '..hat there are no accelerations 
along the streamlines, i.e., the wind blows parallel to the contours© This 
assumption is the more justifiable under the circumstances as it is inherent in the 
gradient wind equation. The error thu3 introduced would most likely be a minimum 
in the lower levels of the atmosphere and a maximum in the jet stream,, Unfortunuteiy 
the present data network and computational difficulties void considering acceler- 
ations at any level and especially 30 in the region of the jet stream. We shall, 
therefore, have to neglect them to keep our computational method simple. Because 
the sign of the acceleration 13 not systematic (see W)$  the resulting error 
should not be systematic. 

\ 

Considering R. equal to R implies no movement or change in shape of the 
contour field. This is not innorent in the gradient wind equation. Use of this 
assumption would cause the computed winds to be lower than the true gradient wind 
under cyolonically curved flow and higher under antioycionically curved flow. 
Thus a systematic error is produced which should be eliminated if possible. 

It has been shown (7J that in a system moving with no change in shape, the 
relationship between R and R can be expressed by the equation 
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Where C  is  the  speed of .notion  cf the pressure  ays'em end     ^ is  the angle between 
the wind direction and  the directi cr>  of motion of the pressure  syst im.     In the 
case  cf the  quasi-sinuf.oidal wave pattern typical of uppor-ievel patterns,     y* 
would generally be lers  than 45° sc that   cos  Jf'would be  larger  than 0.7.     In the 
vicinity of tr.e   trough and ridge  lines, wher„   the  gradient  correction  is  largest 
and errors  in curvature more  significant,  the  angle  ^* wouLd  generally be much 
smaller -;han u5°,  since these  lines mo^e  in a drect^on almost, perpendicular  to 
themselves and are  of necessity perpendicular to  the  contours.     In  this   case the 
ralue of cos    K' wcuid be  very close  to  1.0.    With good approximation, we  therefore 
obtain the  following equation by combining equations   (ij  and  (,2Ji 

This  equation was  graphed so that   computations  could be quickly and easily made. 
The result  is presented  in Fig.  i   (cyclonic  casej  and Fig.   2  (anticyclonio  oasej.1 

The nomograms are  for a particular  latitude and a particular vaLue of C with 
provision for adjustment  for  other  values  of  these parameters.     In the  construction 
a value of  20 knots was  usod  for C  since  that  is approximately the average value 
found by Naraias   [4.)  ot  700 mb,  and  the  speed of pressure  systems  is known to 
be approximateiy  constant with height.    For  computation purposes   the value cf 
C  may be determined   from the  speed  of the nearest trough or ridge  line0 

Comparison of Campufcod and Observed Winds 

To test the   \«lue  of the nomograms  and wind computation';  in  general,  a number 
of computed winds were  compared with  observed winds  and the deviations noted.    A 
number of winds wern  computed from  a series of 25 300-mV  charts  for  the  first half 
of November  1951.    The regions  chosen  for the   test  were those with a maximum of 
data, namely the United States and Great Britian,With l6 per  cent of the winds 
coming from this  latter area.    The choice was   maue with the aim of obtaining a 
good  contour analysxi.    These analyses were carefully made with the primary 
concern being to ura# for the height data although the wind data wa&  on   une  chart 
at the time.    A wind was computed for eacn station that reported a wind at 300 
mb provided the  radius  of curvature of the contour and the geostrophic wind could 
be osasured  fairly reliably.    This eliminated computations very near  centers,  in 
very sharp  troughs  and ridges, and  in regions where the  contours  began to converge 
or diverge  sharply.    This was  not a major restriction as  very few winds were 
eliminated for these reasons.    Only winds  above 25  knots were  considered. 

The  computations were porformed using the nomograraa described above  and the 
geostrophic assumption in oases of straight flow.    They will be considered under 
three  classificationst     Cyolonic,  anticyclonio,  and no-curvature.    The  definition 
of this latter group is somewhat indefinite since a ourvature oorrectioa    is not 
significant beyond a certain point  dependent on the wind  speed,  and these low 
curvatures oan be considered straight flow for practical purposes.    For most winds 

For the details  of the construction and use of the nomograms  see the Appendix. 
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a radius  of curvature  in excess  of 40°  latitude  can bo neglected as  having no 
significant  effect  on  the  computation.    However,   for winds much above  100 knots,  as 
found in  the region  of the  jet  stream,  this 13  net true.     For   example,  a gradient 
wind  computed to be  250 knots,  U3ing a cyclonic  radius  of  curvature   of 53    latitude, 
would become a 300 knot wind  if  the curvature  correction were neglected—a  20 percent 
error.     Just  how larj-o a radius  of  curvavure  it  is  possible to measuro with  the 
curve fitting or other methods  is  open  to question.     It  is  doubtful  if values  as 
largo as  40    latitude  can be  accurately measured at times, whereas  much larger values 
can be measured whan we  have a  current  of ccr.s iderable length with  little  curvature 
change alcr.g it.    As  a compromise,   radii  of curvature  up to  80°  latitude wore  measured 
whenever possible, with  tho  remaining winds  considered as   "no  curvature11  cases. 
Thi* problem is  not significant  as  far as  this   comparison  is  concerned as  only two 
winds larger thaa 125 knots were  observed.     It would be much more  so  in the  case of 
an actual wind  analysis  since tho  very hign winds are  most  likely to be missing from 
the  reports  and must,  therefore,  be  computed. 

The  distribution   oi" the winds  used  in the  test  is given in Table  I. 

 Table   I.     Distribution of 4d8 observed winds   (in per   cent,)  

Observed wind  speed   (knots)       25-49 50-74 75-99 100  Total  

Cyclonic 18 17 8 2 45 

knticyclonic 12 13 4 1 30 

No-curvature 10 ll 4 0 25 

Total 40 41 16 3 100  

Of the anticyolonio winds,  almost  half were in a region which  the radius  of 
the  contours was  smaller than the  minimum radius possible with balanced  gradient 
flow   (see   (2)  for discussion of minimum radiu&y.     Under such conditions,   a 
gradient  computation was  not  possible.    The distribution  of these winds with respect 
to  speed was quite  similar to  that shown in Table  I  for all anticyclonic winds. 

Cyolonic  and no-curvature cases.     Fig. 4  is  a cumulative  frequency distribution 
of the deviations   (positive  and negative)  of the  computed  from the  observed wind 
speed speed comparing the  gradient and  geostrophic winds  for  the  cases with 
cyclonic flow.     It can readily be  seen that here  the  gradient  speed  is  a better 
approximation to the observed speed than the geostrophic.    Of course, the observed 
wind  due to  its  inaccuracies  nuy be different from the real wind  so  that  the 
deviation of computed vi nds   from real wind6   could be somewhat different  from that 
given above, but it would not necessarily be  so. 

Fig,  5 gives the  frequency distribution of errors  for the  cyclonio and no 
curvature groups with positive deviation indicating a computed wind larger than 
the observed.    The curve  for the cyclonic group using the gradient wind  (Fig.  5a) 
is fairly symmetrical  with a mode of about  zero.    It indicates that 30 per cent of 
the  computations  came within    £ 10 per  cent of the  observed wind speea and about 
70 per cent within i. 30 per  cent  (see also Fig. 4). 
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The curve  for the  no-curvature  group  (Fig.  5b J  is quite  similar  but has  a mode 
slightly greater than  zero.    This  is probably due to the  fact that  cases with large 
radii  of ourvature were  considered to have no  curvature and that   these  cases were 
predominately  cyclonic.    Thus,  if the  small  curvature  correction had been  applied, 
the   computed wind w>uld have been slightly lower.    Approximately the same  accuracy 
is indioated as  in the cyclonic case. 

To  improve   these distributions the  large percentage  errors  should be eliminated. 
In an attempt to  dc  this, all cases with errors greater  than 30 per   cent were examined 
to determine  if a  common factor existed  such that   these  cases  could be eJiminatedo 

Grouping according to  the radius  of curvature  failed to  yield the desired  factor 
as  tne  errors were  fairly evenly distributed  except  for a  slight  tendenoy for large 
errors  to ocour when  the  radius of curvature was   small.    The  investigation of  the 
effect of wind  speed was .-.ore  fruitful,  however.     la bath cyclonic and no-curvature 
oases,  it was  found that most  of the  large errors occurred .vi th w. ncs   less than  50 
knot3.     In Fig.  5 the dashed curves  give  the distribution of errors  for the cases 
where the aotual wind was   ^   50 knots.    The fact that  large orrors  occur at low wind 
speeds could very likely be due  to the  use  of percentages  instead  of absolute  values. 

Beoause  of the  fairly large  anount of dispersion  still remaining in the  curve 
of the  cyclonic winds, the   significance  of the correction  for movement was  investigated. 
h tabulation  of the   speed of the  trough and ridge  lines   showed  tret 90 per cent  feu. 
in the range 0-40 knots, wnile 40 per  cent fell within 15-25 knots.    When the average 
speed of movenBnt—20 knots--was  assumed for all  of ihe cases  there was  no appreciable 
change  in the   curve  as presented  in Fig.  5a.    This  is  readily  seen from the nomogram 
as well,  for use  of  the average  speed of movement instead  of the  real  speed results  in 
an error of less  than  10 per  cent  in the wind speed for any computation made  to the 
right of the short dashed curve at the far left on the nomogram provided  the real 
speed lies  between 0 and 40 knots, inclusive. 

Some positive  skewuoss is  to  be  expected in ail   of the  curves due  to the use of 
oercentages, for  then the  size of the deviation is much more restricted on the 
negative  side than on the positive side. 

Antioyolonio  case:    The antioyolonio graph, Fig.  6, shows an entirely different 
picture  from that of the   cyclo nic   graph for now the gradient wind speed i3,  on ths 
average, no improvement over tne geostrophic speed.    In fact, the geostrophic is even 
somewhat better.^    This  is  surprising since the curvature  correction  is more  significant 
under antioyolonio conditions  than under cyclonic  conditions.     The most  readily 
available explanation is concerned witn the concept of a minimum radius of curvature. 
A.s has been stated, half of the  cases  selected under anticyclonic condtions had 
radii of ourvature smaller than the minimum and a gradient computation could not be 
made.    Of the remaining winds, most had curvature radii quite near  the minimum. 
This would lead one to  the conclusion that, with anticycionicaily curved flow in the 
upper troposphere, non-gradient conditions are the rule rather than the exception. 

The antioyolonio case,  therefore, presents considerable  complication because it is 
desirable to be able to obtain an estimate of the wind even when a  gradient computation 
is not possible duo to a smaii curvature raaius,  and also because the gradient wind 
does  not appear  to  give good results when it can be used.    For these reasons, it 

wh en those winds for which a gradient computation was not possible are included in 
the geostrophic curve of this  figure, there  is no great change. 
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was   decide  to  soe what  could be obtained  from the  geostropr.ic wind0    Ail 
the  geostrophic winds are  included  in the  following considerations,   as  it 
was   found that  in each of the cases  the  separate  curve  for ail windi  did 
not  differ appreciably from the curve  for those cases when  e. gradient 
ooraputaticn was   possible,. 

The wind6 were first divided  into groips with reported speeds  of 
<50 knots  ard    i 50 knots.    Fig.  7a is the  frequency distribution of errors 
for  those   ^.50 iaiots.    This  curve  shows  a mode  of  zero  and an   accuracy 
comparable to that   snewn in  the dashed curves  of Fig.  5.    Fig.  7b  is   for 
those winds    fc 50 knots,.     It has  a mode which is definitely negative  as 
would be expected.    A shift  in this  mode  so that  the  curve would be moro 
or  less  symmetrical   around  zero  can  be accomplished by adding 20 per  cent 
to each of the  geostrofhic wiuuso     •*he reami.  of j>ucli an aiditon  is  shown in 
the dashed  curve.    This  lattor  method  of computing, while strictly empirical, 
allows  an  estimate of tho wind  speed under conditions  that would preclude a 
gradient computation,  and yjt  give an accuracy "ompurabi* to  the best attained 
above. 

Analysis  o^ Errors 

The question immediately arises  as to v»hy,  in  spite of the  care exercisod 
in making  ths  CO-DU tat ions,   do deviations  of 50 per cent  or more  still 
occur.    Tie  jause  must bo tnat  the base for comparison was   inaccurate,  the 
assumptions   in  tho method wore  not fulfilled,  or the method was  not   applied 
correctly.     These may  oo  :.rcken down  for discussion under the following! 

(!)     Inaccurate rawir.s 

(3j    Angle ^^0 
(4)    Analysis  errors 

(1) While  rawins ere not  occurate, they are  the best  that are  available 
Th.3ir errors   can be appreciable  upon occasion,  however,  due  to  such   things  as 
low elovation angles  and  evaluation by incompletely trained perspnnel. 

(2) Of the non-gradient terms in the equations f motion that have 
been neglected, the acceleration term is prooaDi-' the most significant. 
It win  produce  cross-contour  flow such that R   ^ R  (    From a sample 
of 257 winds   in the  jet  stream region, Riehl and Jenista  (10)  found that 
the winds blew across  the  contours at  angles  larger than 30°  in  20 per cent 
of the cases  and angles   larger  than 45° occurred  in  5 per   cent of the 
oases.    Part of their data was   taken over tho same region and for the 
same period as  the wii.ds  considered here.    While the measurement  of such 
angles  is probably subject to  considerable error using  the present wind 
reporting network,  some cross-contour  flow should exist and,  even allowing 
for some error, the  data in  UO) show that large angles do occur.    Cross- 
contour flow will cause R    to be different from R    but the   effect on the 
computed wind  speed   is  difficult to evaluate.    While it  is  possible that 
the difference  in curvature used  could cause  such large errors by itself, 
cross-contour flow also signifies a different  balance of forces  from that 

; 
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assumed under the  gradient wind  equation.     It is bexieved,  there:ore,  that 
cross-contour flow can account 1'or a  large portion of the deviations  that 
occurred but  that deviations  in  excess oi   50 per cent are probably not 
due to thia factor alone. 

(3J    The assumption that  the wind b.'.ows parallel  to  the direction of 
motion  of the  system should be  quite  good  for this  and most  series  of charts 
at high levels,  for ycu do not have rapidly ..loving closed centers but have 
instead  smaller wave-like perturbations   (short waves) moving along tie ba3ic 
current  (the  long-wave pattern,).    Th*  largest  deviations  from this  assumption 
occur  in the vicinity of the inflection point  of the  flow—a region in 
which the  gradient  correction to ,-eostrophic  flow will be quite  small anyway, 

(4J    The analyses for  this teat were made by the authors.    Data missing 
from the regular teletype  reports were  obtained  from the  source  so  that 
the  coverage was  as  complete as possible.    With tne present radiosonde net- 
work,  however,   it  is impossible  to approacn a uniqu .*  analysis.    This was 
wall  demonstrated when the analyses wore  examined in regions where large 

errors were made m coinpubmg the winds.     In many oases  it was  possible to 
change  tne  analysis to greatly reduce the  error witnout disregarding existing 
data.     It  is,  therefore,  believed  that errors ^.n  the computed wind  speed of 
50 per  cent or more  can  stili  originate  in analytical  errors, 

Conclusions 

From the  above,   it appears tnat the computation  of winds  from a pressure 
field   can never  give winds  of   tne  accuracy needed,  due to analytical   errors  and 
the non-gradient effects  in the atmospnere0    Therefore,   it seems  tnat   the only 
way to obtain a wind field  at  upper levels accurate  enough for forecasting and 
navigational purposes  is to  increase  the number and accuracy of ooserved winds. 

At present, we must  still  make wind computations.     Consideraticn  of the 
above  suggest?"   that when computing winds  in the region of the  ,iet stream 
three  methods  3hould be used« 

(1J    Under cyolonio  flow conditions use the attached graaient computer 
and the brief method of computation (using the average CJ.    This will produce 
wind speeds with probable errors of less than 10 per cent one-third of the 
time, and with errors of ie38 than 30 per cent two-thirds of the  time. 
Batter results win be obtained if the  computations are restricted to regions 
where the winds are  expected to  be greater  than  50 knots. 

(2J    Under wno-ourvat'>ren flow, the neglect of radii of curvature 
beyond 80° latitude has no appreciable effect, and tne geoatrophic wind will 
give  as  good  results  as  the gradient wind does with oyoiaaic flow.    Again 
if the computations  are restricted to piaoea where the winds are expected 
to ba greater than 50 knots the results win be better, 

(3J    Under  anticycionic  flow the geostrophio wind  should be  used if it 
la leas than 40 knots.    If it is greater than this it should be increased 
by 20 per cent.    With this method, results win be obtained comparable to 
(ij and  (2J above. 

**   '        A't 
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It should bo remembered that  the nomograras and other computational 
techniques suggested above are for us© in regions of the jet stream—300 mb 
to  200 mb.    Their use at other levels is   questionable.    This  is so partly 
because the ncmograms were constructed under the assumption that the 
angle between the wind direction and the movement of the streamline field 
was quite small.    Therefore, at any level  in the atmosphere where the 
flow pattern consists of nany closed highs and lows, this assumption will 
not be generally valid.    Another  factor is that th« method of computing 
winds under antioyclonic  flow conditions   is  based on a statistio obtained 
with data at the 300-mb level.    It is,  therefore,  applicable only in that 
vie inity. 
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APPEND!! 

The nomograms ware  constructed from equatim  3,   using a particular 
latitude  (43°J  and a particular  value of the speed of the system  (20 knots)* 
Th« ordinate is the  geostrophic wind speed in knots   (Vg^j  the abscissa is 
basically the radius of curvature of the contours   (streamlines)  in degrees 
latitude at  the point of  computation   (Rs).     The gradient wind  is  obtained 
from the  solid curving lines  labeled  in knots. 

To correct for latitudes  other  than 43°, multiply R_ by  the factor k, 
as  obtained from Table  I on the nomograms.    When the  speed  of  i,he  system does 
not equal   20 knots use  the  dashed lines  radiating  from the  lower  left  corner 
of the nomogram and Table  II  on the nomogram to obtain a correction to the 
gradient wind for C = 20 knots. 

A brief method  of computaticn wich eliminates  estimating and  correcting 
for the  speed C  is performed  simply by assumraing C -   20 knots,   the average 
value.    Thi3 win cause an error of less than 10 per cent in the computed 
wind provided  the actual  speed C  lies within the range 0  to 40 knots and 
provided the  computation is  performed  in the region of the nomogram to the 
right of the  short dashed curve.    This  dashed  curve  is  located at the  far 
left  on the nomogram. 

To  obtain the radius  of curvature  of the  contours  it  is   suggested that 
a tool  similar to that   of Fig.  3 be  used.     The values  to  the  left of the 
curves  give the value  of R    in degrees  latitude  appropriate  to the  scale and 
projection of the map used?  the  values  on the right  ;ive  kfi   .    To use  this 
it should be  transparent  so that  it can be  ^xaced  over a .mp  and  the   curve 
of the  contours  matched with  one of the curves  on the  overlay,, 
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GRADIENT   WIND   NOMQGRAM 
(Cyclonic) 
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Fig#  li    Gradient wind nomogram for cyolonio  ourvaturo. 

(ij Determine JcRg using Table 1 and the radius  of curvature of the 
contour   (streamline), 

(2) Enter graph with this value  (jc£3<)  and the geostrophic wind 
(V  )•    At their intersection obtain value for gradient wind  (V). 

(3) Using speed of system along streamlines  (Cj  correct V aeoording to 
Table II, obtaimimg V0.    Brief Methods    Eliminate  step No.  3— 
this  introduces  error  ^10^ in area to right of short-dashed 
curve, assuming 0S.CS.40 Jets. 

iri' 9 



GRADIENT  WIND   NOMOGRAM 
(orMicydonic) 

220 

200- 151     JL 

10 15       20     25       30      35      40      45      50      55      60      65      70      75      80 

-krs ("lot. sec"') 

Fig.  2i    Same as Fig. l for  aatioyolonio ourvature 

Fig.  3i 

An example of an overlay for obtaining 
radius of curvature.    The values of R§ 
given on the left of the overlay are 
radii of ourvature correoted only for 
the latitude of the computation point. 
The values on the right are multiplied 
bv the snnropriate Jc as Riven in Table I 
on the gradient wind nonograas  (Fig. 2). 



rig. 4i 

0 10 20 30 40 50 60 70 80 90 100 
% Dev 

Cumulative frequency carve* for 
oyolonic winds. The solid curve 
is the per oent deviation of the 
gradient from the observed winds. 
The dashed ourve is the per coat 
deviatiom of the geostrophic from 
the observed winds• 

Fig. 5i 

Frequency distributions of the 
per cent deviation of the con- 
puted wind from the observed 
wind, with positive values in- 
dicating a computed wind larger 
than the observed wind. 

•31-50 • 11+30   +31+50   >+50 11-30   -10+10 
% Dev 

a.     Cyclonic winds.     The solid curve  gives 
the  distribution of errors of alJ   the  gradient 
winds.    The dashed curve  Includes only observed 
winds 2 50 knots. 

-31-50 •11-30   -10+10   +11+30   +31+50    >+50 
% Dev 

b. No ourvature. The solid ourve gives the 
distribution of errors of all the geostrophio 
wijtds. The dashed ourve includes only observed 
winds 2.50 knots. 

—— 



100 

0 10 20 30 40 50 60 70 80 90 100 
% Dev 

Fig, 6t Same as Fig. 4 for anticyoionic 
winds. 

Fig. 7 

Same aa Fig. 5 
for anticycionio 
winds* <-50     -31-50   -11-30   -10 + 10   +II+3C   +31+50   >+50 

% Dev 

a. Tho distribution of errors of the geo- 
strophic wind imludes  only those observed 
winds   <50 lcnots. 

<-50     -31-50   -11-30   -10+10    +11+30   +31+50    >+-50 
% Dev 

b. The solid ourve is the distribution of 
errors of the geostrophio wind for observed 
winds 250 knots. The dashed ourve is the 
distribution of errors of the geostrophio 
wind plus 20 per cent. 

!' 
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