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THE DEVELOPMENT OF A METHOD OF ESTIMATING 
ND FORECASTING WINDS AT 10,000 FEET OVER THE 

NORTH ATLANTIC* 
BY 

H. H. LAMB, B. 

For cast of wind aloft are of gr at importance 
for indi ating to th pilot of a long-di tance aircraft 
th m t advantag ou flying 1 vel for any particu­
lar flight and to the airway company the conditions 
determining the probabl duration f the flight, 
r quir d p trol load and con equ nt passenger-
arrying capa ity. For ivil tran - tlantic flights 

for cast of wind at Ule urIac and at thr lev Is 
aloft a1' u ually a ked for. Th conUllone t heights 
sp cift d t date have b n 2,000, 5,000 and 10,000 

fe t. 
Wind at 2,000 f et ha eben sati fac orily fore­

cast from th isobars on the for cast sea-level 
pres ur hart for a flx d time in mid-flight, on the 
assumpti n of geosirophic conditions. From the 
fir t xperimental trans- tIantic :Bight in 1937 

until 1941, when a r gular passenger service was in 
full op ration, winds at the high r flying I veis 
w r derived fr m thi low-lev 1 wind, assuming a 
normal change with height given by statistical 
figure of th b ha i ur of various wind , based on 
an an ly is I 10 Y ars' r sults of pilot balloon 
ascents made by hip' officers of the German 
merchant navy on the orth tIantic trade routes. 
Adjustment would then be made in the light of 
th qualitative idea of the thermal wind vector, 
obtained from th general temperature gradients 
ugg st d by th air mas analysis of the current 
uriac chart. This proce s is not satisfactory on 

th or tical ground. Purely qualitative estimates 
ar obviousl not nough. n the oth r hand 
quantilativ r ckoning of the thermal wind vector 
ho. not b n found practicabl, ven ov r land 

r 1 gical a cent ar fairly numerou ; 
formula is aw~vard to work with, 

ppr ximate form suited to pra tical 
btain d by n gl cting term who e 

magnit ud i It n too gr at to be negl cted, and 
U1 r ult ar orr spondingly untru worthy. 

The la k of a r gular upply of r ports of direct 
ob ervation f upp r , inds over th 0 ean \Va the 
gr at diffi ulty en in p a e time. Pi! t balloon 
ob r ati n 11a b n made from hip at s a 
from tim to tim and by 1939 the first stationary 
hip p dally appoint d for weath r observations 

h d mad t11 ir ppearanc. Th network of such 
ob rv tion i Uk 1y alway to b par e, however, 
and balloon obs rvation ar limited to occa ions 
of go d w ather. The problem, til refore, is to find 
a suffici ntly good, indir ct method of arriving at 
the r quired wind, at the sam time making full 
u e f any dir ct vid nc available. 

po ible approa h to a solution of the problem 
. given by computation of pr UTe aloft; if this 
can be done with sufficient a curacy. it i po sible 
to draw isobaric chart for 1 v Is in the fr air. 
Wind at the lev 1 of th chart may th n be obtained 
dir ctly, by a surning geo trophic onditions and 
using a geo trophic scale appropriat t the mean 
density at the lev 1 in qu ti n. Thi as umption 
cannot be pr ci ely true a long a th r ar any 
v rtical air di placements, but it may be e>...'P cted 
to come within the limits of accuracy of the com­
putation and to give r sult s arcely 1 ss satisfactory 
than at 2,000 fe t. 

By 1941 th probl m had b come much more 
serious owing to th c mpl l ces ation f data from 
ships in th gr at r part of th oceanic area involved 
and th gr at increase of tr Bic on the trans- tlantic 
air route. It becam imperative, th ref r , to 
adopt some r asonably probable method of arriving 
at a coher nt picture of the pattern of wind-flow in 
the fre air ov r the oc an by whatev t' indirect 
approaches were availabl. It was felt that any 
such pictur , if it ould b d rived, would at least 
erv to clarify the for cast r' id a and giv him 

some d finite bas' for hi for cast . 
The method describ d below was, theref ref 

dey lop d in the Iri h M t orological ervice, and 
inc June 1941, charts of wind and pr ure at 

10,000 fe t over an area xt nding from the ocky 
Mountains to w t rn Eur p have b n c n Lruct d 
twic daily and u cd in I rating winds alofl.i· 

Th fact that cri u rr r' in .flight time (2 
hours or mor in an av rag flight time of 15 hour) 
hav now b n virtuall liminated by tIll' means 
and that tlu' impr d po ition h, b n main­
tained d pit a forth r curtailm nt of data in 
D c mb r 1941, sugg s th,t til meth d doe, in 
fact, give a rea onably reliabl r pr ntation of 
the isobaric fi ld at 10,000 f t. In th s circum­
stances a detail d d. ription f tll t chnique 
employ d may b of inler st. 

The 1O,ooo-foot lev 1 ha b n cho n for arious 
r as n. It i w II in the middl of tile h ight 
rang with wbi 11 e ar at pr nt concern d; so 
that figur for 10. er 1 v I may b obtain d by 
interpolation betw en thi and the 2,000-£0 t wind, 
and figur for level up to about 15.000 f t may 
be got by xtrapolation. Mor ov r, it i conv nient 
that 3,000 metre ar nearly 10,000 f et. and data 
r port d for ither lev 1 will be appropriate to the 
Io,ooo-f t cbart. Finally, th m thod mak sue 
of c rtain rul f thumb about lap r t s of 

-Re eived on 13th 'ovemoor, J942; originally issued as Technical Note 0.4 of the Meteorological Service on {4th January. 
1943 i now published as Geophysical Publication, Vol III. '0. 3. 

tThe conslruction of lo,ooo-ft. charts was discontinued in October, 1946 \ hen the 700 mb. chart was introduced as a routine. 
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temperature which could scarcely be carri d to 
much gr at r h igbts. 0 far a is known, the e 
ru1 s of thumb are a di tinctive f ature of the 
hi h t chnique, in con trast with th m thods of 
other s rvic , wh re no allowance for ariations 
of lap e rat i g nerally made. 

Data. 
The f llowing cat gories of data are plotted on 

the Io,ooo-foot hart :-
I. ilot ballo n winds at 10,000 fe t. 
2. 1 pho cop ob rvations on m dium cloud. 
3. Pr ur s at 10,000 f et. 

Pilot balloon ob ervation at 10,000 f et , ithin 
two hour of the tim of the hart are plotted in 
black according to the following model :-

10/ 11 

A dot r pre nt th position of the ob erving 
station and a doubl arrow the direction of the 
ob rved wind. Th wind tr ngth i shown to 
th neare t 5 mph., by on whole troke for each 
10 mph., and a half strok for 5 mph. The figures 
shown as the num rator of a fraction give the h ight 
of the ob ervation in thou ands of f t abov s a­
lev 1, whil t th d nominator giv s the time to the 
n ar t hour G.M.T. TIlUS th xampl shown 
above rpr nts a wind of 45 mph. from 270°, 
ob rved at 10,000 f et at IIh. G. 1.T. 

ome us can often be made of balloon ob erva­
tions which are not at the precise h igbt and time. 
At tati ns wher ob rvations for th corr.:.t time 
and height ar not available, we ther fore plot the 
ob rvation for th near st h ight and im I so 
long as ill are within 5,000 fe t and within tw Iv 
hour of th appropriat h ight and tim. Tb 
wind are plotted according to a lik mod J, xc pt 
that th wind dir ction i h ' .... n by a ingle arrow. 
(By thi remind r corresp ndingly 1 weight is 
gi n to lh e ob rvations in th analysi):-

6/ 5 

Th xampl r pr sent a wind of 45 mph. from 270°, 
ob erv d at ,000 f et at 05h. .M.. 

1 dium cloud nephoscope ob ervations are 
ploited h~ red, exactly as on urIace charts.· The 
time of the obs rvation is add d as th denominator 
of a fraction, who e nurn rat or (h ight) mu t be 
repre ent d by a dash. 

\\\\ 
-/13 

The exampl r pre ents a . f Neph of 40 mph. 
from 270°, obs rved at I3h. .M.T. 

High cloud nephoscopc ob rvations are not 
plotted on the Io,ooo-foot chaIt. 

Pressur s ar obtain d by computation from 
the LS.L. pre ure and the mean t mp rature of 
the air-column b tw n a-lev 1 and 10,000 feet . 
1\1 an temp ratures T I'll ar obtain d from upper 
air sounding wh rev r the e are available; 1se­
where by estimate. This is the crux of all methods 
of obtaining winds at high lev Is indirectly by 
deduction, and will be dealt with more fully later. 
The figures btamed for pr sur at 10,000 feet are 
plotted boldly in red, to the n arest halI millibar : 
for canveni nce the temperature values used are 
also shown. 

Derivation of pressure values at 10,000 feet. 
Th meth d f r ckoning pr ures at 10,000 feet 

must b quick as well a accurate. 
·undamentally we use the integrat d form of the 

pres ure-h ight fonnula : 

log Po - log P = :; 

wh re Po is the pressure at sea level } 
p i the pr ure at height z 
Tm is the m an t mperature of the air 

column in ° . 
Taking the constants to have the following values: 

g - 9. 0 met!' s p r ec.2 witil sufficient 
accuracy for all latitudes, 

Z - 3,04 m tres (10,000 feet), 
R = 287.0 in metr -second units, 

and at the arne time converting to common 
logarithms, we g t : 

45. 1957 
10glO Po - laglo p = T 

111 

Originally this quation was applied in practice 
by means of computation cal s v ry similar to 
th slid rule describ d by Fulks and Dightman.t 
A slide rule \Va on trocted, but it was found more 
exp ditious to make u e of fL'Ced scales on which the 
lengths were measu! d off with dividers. Later, 
however, this m thod t 0 was replaced by an even 
quicker de ice due to Mr. . J. Gillman of the 
Iri h feteorological rvice. This is the computing 
diagram hown in Figure I. The diagram in actual 

e measur s II by 10 inches and, covering a range 
from 940 to 1,050 mb . for ea.-level pre sur and 
from - 20 to + oop for m an air-column tempera­
tur • is ufficient for all practical purposes. To 
obtain the pre ur at 10,000 f et from given value 
of Po an 1',,. is only a matt r of seconds. 

The poin whi h r quir care and discretion, 
and tak lime, is the el ction of the appropriate 
Tfn valu . ----------------------------------------;:Experiments are also being made at the present time (1942) in plotting C. and mapping on the 10,000 ft. cbart the e.."(tcnt 

of the medium cloud sheets. 
tBuU. Amer. Met. Soc., January, I94t. 
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Mean Temperature of the Air Column Till 
ifferent m thods are used to get T'ln according 

to wh th r upper air sounding ar availablo or 
not. 

At tation wh re a c nt have been made 
within tw Iv hOUTS of th time of lh IO,ooo-foot 
hart, alway pro id d that no chang of air mas 

ha urr d in th meantime, the iemp ratur of 
the quival nt i oihermal atmo ph r i tak n. 
This is obtain d fr m the a nt cw:ve by the qual­
area method, an adjustm nt b ing made in. the 
lowest 1 v 1 for the scr en temperature r ported 
at th tim of th hart. "'hen using a diagram 
on which t mperature is plotted against pre sure 
for this pw:pose, it is n ce sary to have a rough 
idea of the pr ssur corresponding to 10,000 f t; 
this may b had from th following table, giving 
the difference Po - p, between ea-level pres ure 
and pr ssur at 10,000 f 1., to th n arest ro 
millibars for widely different pressw:es and tempera­
tures. 

TABLE 1. 

(Po - p) ?nbs. Fir t Approximation Table. 

I~ 
OF + 50 + 5 - 40 

Po °C + 10 -15 - 40 

1050 320 350 380 

rooo .... 310 330 360 

950 .... 290 320 340 

Th e figur make it pos ibl to judg the 
t mp ratur i th quival nt i oth rmal atmo­
ph r to th n ar t d gr e -ahrenh it or half 
d gr entigrad, from which th pres sur at 
10,000 f t may be reck n d to th n ar st half 
millibar or o. ccasional rr r ari ing from 
rron ous instrum nt r adings will be appar nt 

when Tm and p ar compared with th valu at 
n ighbouring tation, obtain d ith r by the ame 
proc ss or by stimat. Faulty surface pre ur s 
are known at once from th analy is of th sw:face 
chart and ar avoid d in making th computations. 

Wh r no r sult f m t orol gical a cents are 
available, T,r. i timat d from r presentative 

alu f urface t mp rature To. pre entati e 
value of To, orr ponding to adiabatic lapse rates, 
are giv n particularly 

(i) by ship 

(ii) by oa tal tation with onshor br ezes, 

(iii) by tation wh l' big cumulus or cumulon-
imbu clouds arc r ported, 

(iv) by station wher tratocwuulu, tratus or 
fractonimbus clouds are Sll pect d to 
have con iderabl v rlical d velopm nt, 

p cially with pr cipitation falling or in 
cyclonic situation . 

R I renc may be mad wiUlln r ason to earli r 
and later charts in rd r to find a r pr niative 
surfa e t mp rature value fran station. tations 
wher ground inv r i ns or ub id nc inversi ns 
are evident must b r j ct d for tinlation purp s. 

A Ii t is k pt of k y point on oa ts and islands 
for which timat· of T m are always attempt d, 
if at all po ibl , in order to give a good n twork. 

areful hecking 0 cr of this list will nsur that no 
unu c arygap aT J ftin th n twork by ov ight. 
(Th r current ground inv r ion ov r the w­
foundland r gion, particularly with a terly winds 
in. spring and umm r, as 0 iat d with advection of 
warm air ov r the cold coastal water , pr ent a 
difficulty; th inver ion may, however, b broken 
up locally in the aft moon to give a convection 
sky and repr sentativ surface temperatur at one 
or two i olat d tations towards the leeward coast). 
Full u is made of any availabl ship r ports. 

From a repr entative surface t mperature value 
To, th mean temperature of the air column T m 

from a-I v 1 to 10,000 f et is obtain d by the 
following ru1 of thumb :-

I . aturated Adiabatic Lapse Rate throughout e.g., 
with rain or drizzl falling, and ceiling very low. 

Tm = (To- I 3) 0,. 
2. Dry Adiabatic Lapse Rate throltgh01(,t e.g., in 

ca es of trong hating from uud meath, principally 
on aft moons in th warnl a on ov r contin nts 
and in the tr pi s, and with small cloud amounts. 

Till = (To - 27) OF. 

orth of 400N ca of dry adiabatic Jap e rate 
through a h ight of mor than 5,000 fe t are v ry 
rare. 

3. Dry Adiabatic Lapse Rate to the Base of the 
Cloud in the gran-nil. t'l£rbl'tlence layer, atHraled 
Adiabatic Lapse Rate above that height. The are the 
condilions mo t commonly holding with all types 
of low loud, tw n the ground and the lev 1 of 
the top f th cloud. Th follo, ing i , therefore, 
the ru1 most fr quenUy us d for obtaining Tf/l' 

T", = (To - 13 - 1.4 It) OF 

where It is th h ight of th base of the low 
cloud in thou ands of fe t, tak n to the 
n arest thousand feet below cloud-level. 

At hips and station wh 1'e no r port of cloud­
h ight is giv n, a figur of 2,000 feet i a umed in 
most as s nOlih of 400 N ] titude, 3,00 f et for 
place south of tlli latitud. 1 wering f 1,000 

f et blow th se figures is generally allowed, when 
pr cipitation i falling. 
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up radiabatie lap ral sometime 0 cur. In 
strong outbr aks of Arctic air ov r the ritish Isles 
and 11 ighbouring wat r of Gulf tr am origin the 
aturated adiabatic lap rate i fr qu ntly x-

c d d throughout th lay rs in which eumul nlln­
bu louds are pr s nt. The dry adiabatic lap 
rate may b xc d d below th cloud-bas in 
Arcti utbr ak and aloin th aft moons in v ry 
warm 'I; ath r ov r land. E imnt mu t th n be 
adju t d in th light of th lapse rates and Tm 
valu s r al d by n ighbouring a c nt, which 
hould bud a a guide in all cas . 

Fronts ar allow d for in th following mann r. 
At surf c tation within th cold r air ma near a 
iront, T,~ i fir t timat d a befor from a rep­
res ntati valu f To; tIl n, if the distribution 
of altocumulus r 10 r n:ontal cloud, indicates th 
pr sen e of the warm r air rna s in th upp r part 
of th 10,ooo-fo t air- lUJlUl, a certain number of 
d gr are add d to T m for thi. 1'h correeti n 
depend n th m an diff r nce b tw n th 
temp mtures of th two air mas e at the am 
lev 1, and on tll v rti al xt nt f th portion of 
the 1o,ooo-foot air-column whi h i occupi d by 
the warm r air mas, tll latt r :figure being obtain d 
from th d:i tan e of th station from the front 
on th ea-Ie el chart and an assumed lope. \\ e 
a ume a m an slope of I in zoo for warm front ·, 
r in 75 for old fronts; and th mean t mp ratur 
differ nc b,tw n th air rna s are tak n a 
follows : 

TABLE II. 
Airmass Temperature Differences. 

• orth 
America 

1---------------1----------------1---- ----
Warm Front 

old ·ront 

Th 
for 
th 

\ am'. Front 
old Front I 

T. BLE III. 
T,n Orrect1·01lS. 

OF 
-t ( - 2,t) 

-I (6 - .. rr) 

lorth 
Am ri a 

Or· 
+ (r - 4X) 
+ (1 - rzx) 

oX i tll horizontal di tanc of th station from 
th fr nt at a-l v'l in hundr d of miles. For 
unu uall harp front th orr etion may b 
increa ' d up to double th figur 

W ak Iront and old clu ion ar not taken 
int a ount. 

Construction and analysis of the lO,OOO-foot chart. 
Ov r the ar a with which \ e ar concern d 

b tw en the Rocky M untain and the aboard of 
west rn Europe about forty good pI' ur valu 
at 10,000 f t can g nerally b obtain d by th 

timation proc On day wh n many 111 t ro-
logical a c nt · ar availabl, fewer timation5 will 
b requir d. I i found po sibl to draw the map 
from a w 11- catt r d n t\ ork of om forty to fifty 
point, which in Iud om tim tion point ver 
th a. In p ac -tim \Vh n . hips' r port ar 
rec·i d from wid ly- catt r d point ov r the 
oc an th n twork of pr nre valu at 10,000 f et 
should b much improved. In pres nt circum tances 
th To value u d for th estimations at ea arc 
tak n from th haract ri tic surfac temp ratur 
in the cliff 'rent air rna 5, nter d on the urface 
chart h T the analyst. 

1 he po. ibiHt of drawing the 1o,ooo-foot map 
from few points is due to it.s impler charact r 
as ompar d with th 5 a-I v 1 chart, a fact that i 
amply witn ed by th mo th flow of wind at 
10,000 f t lown by pilot balloon observations 
wh n \'~r th are av dabl. On the ro,ooo-Ioot 
chart the mall rand l ' important comple. iti 
of the urfac hart 'limil1ated. Topographical 
deformation f the fi 1 f flow (1 e-trough, t .), 
and th rmal d pr ion of ur ly 10 al and tran it­
ory ,'ist ne du t diurnal heating u ually dis­
ap ar; condary old front. d not r 'ach up to 
10,000 fe t a a rule, and ther for do not app ar; 
and old 0 clu ion and th r w ak front , whi 11 no 
longer orr pond to any noteworthy v r of wind 
and are of littl dynamic imp rtan , ar e nv ntion­
all dropp d in th on ru tion I th 10,ooo-f ot 
hart. TlIi gr ater implicity of th high-lcv 1 

charl i a irtu, in it fo u ih analyst' 
ati ntion on th m r d rnami ally imp rtant 
f aiur of th situati 11. 

Il ha. b n found g n rally m t con v nient to 
llac th front fir t in r lation to their p ition 

n th urface hart, b for att mpting t cb:aw he 
i obar at IO,OOO Ie t. 1< ailing oth r id n , warm 
front·. and warm clu ion' (if th Y artill 
cclu ions at I ,000 f 1), ar pla d about 400 

mil . all ad )f th a-I vIp ilions; whil cold 
front, and Jd c Iu in, ar Ia ed ab ut 150 
mil s b hind tit a-I v 1 po it ion . Th di tances 
ar in r d ill low latitud . , wh r vc n th 
major fronts ft n fail to r 'ach up t 10,000 f t 
du to Ilatt ning out of tll old·air tongu . 

It i 1 ar that th \ nn etor. of d pr ions 
l than at Ule ground. 

Th ociat d with the tip 
pondingly d.i pIa d 
t f tll ir a-I v I 
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Isobar ar drawn at the am int rval as on the 
surfa e hart of th am cale. In practice a 
spacing of 4 mbs. i used in the Irish M t orological 

rvie . 

Geostrophic scale for use on lO,OOO-foot Charts. 
It is n c s ary to onstruct a sp cial g ostrophic 

scale for the m an den ity at 10,000 feet. 
The g ostrophic equation giv s u 

V = dp . I 

dn 2e w in cp 

where V is the wind velocity, 

dp 
dt~ " 

pre urc gradi nt, 

e II d nsity, 
W II Earth' al1gular v 10 ity of rotation, 

and P II latitude. 

If w con id r any particular latitud I and if ddP 
1t 

be the arne at 10,000 fe t as at a-lev 1, then the 
ratio of the g 0 trophic wind at 10,000 fe t to the 
geostrophic wind tak n from th ea-l v 1 isobars 
is: 

V10•OOO _ eo 
---v;- - el0.000 

Taking-2°C and 697 mb ., or a density of 0.895 
kg 1m3, as th standard condition at 10,000 feet 
for construction of th scale, we filld that the geo­
strophic wind at 10,000 f et i about 30 per cent. 
tronger than th g 0 trophi wind at 2,000 f t 

for the same pr ssure gradi nt (i obar-spacing). 
This geostrophic cal may be used in con trnct­

ing the chart, a well as for obtaining geo trophic 
wind v locities from tll' ompl ted chart. It is 
u ful in drawing th map ov r region wher 
pr ur valu are f w (owing to difficultie of 

timation f r in tanc ) but wh r at the same tim 
pilot balloon reports ar pI ntiful. This i liabl 
to occur in ubsidenc r gion , but a careful watch 
must b k pl in such ca s for d parturcs of reported 
winds ir m g 0 trophi value, wh rever the 
v rhcal motion ar pronounc d . 

Practical applications of the l O,OOO-foot Chart. 
Th u s for which th IO,ooo-foot hart 

d signed may be summarized a follow :-

(i) estimation of xisting wind at 10,000 f ot, 
by u e of the g ostrophic cal, 

(ii) foreca ting wind at 10,000 feet, by mean 
of a for ca t chart, and 

(iii) derivation of timat s of wind at other 
levels, by int rpolation b twe n a­
level chart and lO,ooo-foot chart, or by 
extrapolation up to 15,000 feet . 

T IO,OOO FT. OVE THE.r ORTH TLA TIC 5 

The construction f the forecast chart, r ferred to 
und r (ii), invol es tll principle of continuity. A 
forecast chart for the IO,ooo-foot level might be 
amv d at by marking the depr ion and anti­
cyclone tra k on the actual Io,ooo-foot chart, 
and xtrapolating into the futur on the basi of 
th ir known hi tory. for ov r, thl need not be 
any merely formal :lI."trapolation, but rather a 
reasoned progno is of the futur tate and position 
of the pr ur sy. terns; the fact that tll high­
level pressure field is fr e from many of tho com­
plexiti of th urface map and that the major 
features which do app ar usually present a teady 
and regular d v lopment mak s the prognosi 
comparativ ly asy. In practico, however, the 
10,000-foot for ca t * chart is con tructed from the 
for ca t chart for sea-l vel in exactly the same 
way a the actual IO,ooo-foot charts are obt ined 
from the corresponding surface charts, and the 
result is check d against the eries of actual IO,OOO­
foot chart to see that it is con i tent with them 
and pr sent a rea onabl extrap lation. 

Further possible applications of the lO,OOO-foot Chart. 
Quite apart from the u es for which these charts 

are xpre ly design d, it appears that ob' rved 
departures of apparently tru tworthy pilot balloon 
winds from geo trophic value may lead to con­
c1u ions about the dynamic changes of pressure 
occurring, cyclog nesi and so on. Deparlure of 
wind from geostrophic value at this height in the 
ire air are not elu to friction, but are as ociated 
with n t gain or loss of mass of air in diff rent parts 
of the map; the r distribution of rna is accom­
panl d by hang s f pr sure and by v rtical 
dl placement of th air. 

If we ar to u the high-l v 1 chart to make 
d ducti n about th dynami al change taking 
plac ,i will be useful t consider the cas of 
departure from g ostrophic conditions from the 
theor tical p int of view. 

Con id r fir t dopartur of wind direction. 
Dir ctional cony rg nc mean inflow of wind acro s 
th i obars towarc th high r pr ure at points 
of anti-cy Ionic curvature, r ulting in accumulation 
of air, ri ing pr ur and perhaps ultimately 
anticyclogcn is. utfiow of air acros the i obar , 
on the oth r hand, w uld tond to even out the 
pr s ur distribution. 

Dir ctional ill rg n 0 occur at points of cyclonic 
curvatur with outflow of air acro th isobar 
away from th lower pI sur. Th trough mu t 
tb n de p 11, th pr ur gradient are incr as d 
and p rhap ultimately cyclog nesis r sults from 
this proce . Inftow fair acro the i obars in the 
direction of the trough would tend to v n out the 
pr ur' difference . 

·The term .. !'orccast chart" here means a chart sbowing the pressure distribution at some spccified period ahead (nor­
mally about 12 hrs.) as forecast from the current cbart. 
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Th angl of d viation b tw n i obaric and true 
wind dir - tion ar in mo i ca es mall, and arc ly 
vitiate for cast of wind dir cHon bas d on ihe 
geo. trophic a sumption. 

on id r no\ d parlur s of wind velocity. We 
hall con id r th d partur in isolation from 

any departur of direction. This is not tric1.ly 
tru , for, as w hall se ,gain or 10 of air from ih 

ari u pr sure y t m is alway involv d and 
th r for, of n ity, ome d viation of wind 
dir ction from the line of th i obar , but tIl angl 
of deviation ar mall. \Y con id r, th r for , 
that th prcssur gradi ot forc B, the g 0 trophic 
or ori Ii forc G, and th ntrifugal force C 
act approximat ly at right angl to th isobar, 
although stri tiy G and act at right angles to th 
str amlin of flow. 

In th a e of yclonic urvaiure the gradient 
\ ind quation t at s tll onditions for quilibrium 
a f llows:-

I dp V2 
= 2w V sin rp + -- e d1t l ' 

wh r r is th radiu of path urvaiure, and ih tll r 
ymbol hav Ule arne m aning as b for. The 

pr ur -gradi nt t rID is opp ed by both g ostro­
phic and enlrifugal t nn. The lati r both in­
vol V; and if th v locity V i gr at r than tll 
quilibrium value, C + G will b too gr at for 

balance with B. Lo of air from the r glon of 
air ady low pr UI (in fact diJ: cHonal diverg nce I) 
mu t I StUt. It i to be notic d that th quilibrium 
valu of V is Ically less than the g ostrophic valu 
with cyclonic curvaturc, owing to th ff ct of 
th V2jr tenn. If V i less than th quilibrium 
valu , B will b too trong for balanc with C + G, 
and inflow toward th low r pr ur with, aken­
jng of til pr ssur gradi nt , ill r suit. 

or antic clonic curv tur th gradi nt wind 
quation tak th form:-

_ I dp _ 2w V in V!l 
e dn rp ----; 

R r ih g 0 trophic t rm oppo tlle ff ct of 
pr ure gradi nt and ntrifugal forc. Th tcrm 
in 01 ing V acl again t n anoth r, and the 

on qu nc s ar not a c1 ar a in the case of 
1 nic urvatur Howe I, it i c\ ar that, as 

V increa s abo the quilibrium alu tll r:'jr 
t TIn mu t v ntually tak harg. Thi ugge t 
that winds ab v gradi nt sir ngth , ould b 0-

ciat d with w ak ning of the high pr ure y tern, 
whil t wind b low gradient str ngth would b 
accompani d by dir ctional conv rg nce and 
str ngtlt rung f the pr s ur gradi nt. Wi th 
anti clonic urvatur tll quilibrium alu of V 
i actually gr at r than tll g ostr phic alu, 
owing to th ff t of th 2jr t nn. 

W rna now draw up a eri of rule for diagnosi 
of actua! as 

1. cl g n i -dir tional di rg nc (out-
11 w) in lh trough-ov tr ngth willds. 

2. Anticyclog n i --dir tiona! on rg nc 
(inflow) in th w dg of high pr s ur -
po ibly no pronounc d d parture of wind 

clocity. 

3. Tll pr sure field i nds to b come uniform 
und r i.h r v r e onditions. 

4. If th wind has its eqUilibrium valu in any 
particular r glon, but i g n rally above 
(b low) gradi nt tT ngth in tll n ighbour­
ing r gion to , indward, pr ur must rise 
(fall) b tw n th c two r gions. This 
rul i U- vident, and appli v n to a 
ituation with traight i obar . 

5. If tll wind has its quilibrium valli in any 
parli ular r gion, but i g n rally above 
(b I w) gradi nt Lr ngth in the neigh­
bouring r gion to 1 eward, pr UI must 
fall (ri ) betw en the two r gions. 

v r ih tiantic an in pr nt ircumstan es 
ih re i n t much opportunity of u ing ih 10,000-

fool hart for uch d'ducti n. Th con id ra­
tion , how v r, xplain why wind velocity may 
depart by om 10 mph. from geo trophic value 
with gradi nt for 40 mph. wh n th pr ure 
sy tern ar in a tate of active d vel pm nt, giving 
the rno t riou failur of for cast to which thi 
m tllod i Habl. 

Conclusion. 
The upp r air obs rvation availabl to the Iri h 

1 t orological rvic at tit pres nt time are 
in ufE i nt to p rmit of a dir ct ch ck* of ih 
ac uracy of this m thod of onstructing IO,ooo-foot 
charts, but the t hniqu appears to hav ju tlfied 
it If as a workable rneth d of for asting upper 
winds, which uggc t that the chart ibu derived 
mu t have om real r lation t fa t. t 

·Some of the original xperimental har dra.wn in la.y 
T941 are given in an pp ndix to illustrate the technique; 
in t.his ppendix some com pari 'ons have be 0 made bet, ccn 
obscrv d winds and gcostrophic winds obtained from the charts. 

tAdtlcd 7th Decem/ley, 1943.- in tbi ot was writ.ten a 
l' hnical Iemorandum of ihe Meteorological mce, ir 
Mini ·try (S.D.T.11. 1'0. 6z of 11th August, 1943) by T. H. 
:Martin, has be n r iv d; this m morandum give th r ults 
of a check, against a tual obs rvation·. f the, curacy of ihe 
contour charts of t.he 750 and 500mb. surfaces which have heen 
constructed in t.he ..\Ieteorological om . since January 1943, 
using a method mlroduced there by Peiler en. A 1 ttersen's 
me~hod of con ·tructing the 'e h. rts i· b i aUy thu same as 
lhat us d in con ·lru ling Ule 10.000-It. chart (cstimalions based 
upon represent.alive uria observat.ions and an adiabalic lap e 
ral ), ..\Iartin· demon lration of the rela~ivcly close agreement 
bet.\\" n ob crv·d valu s and the valu s computed by Petter­
sen' melhod may be regarded as definitl'ly cOllmning also lhe 
accuracy of lhe me hod. dcscri bed in the foregoing lote, of 
COD, trocting th lO,ooo-ft. chart. 

'.!arlin' r ulb {unher sugg t tha.t the use, in the ro,ooo-ft. 
chnique, of t.he drv adiabatic lap 'e rate, for the cry lowest 

layer of the almo. ph 're, lD cert in cirCUlDJ;tances. instead of 
the saturated adiab tiC lap e rale mployed in et.tersen's 
method, Siv' a . m wbat greater accura y. 

Martin !Dds ihat the mean errors in t.he h iSh!. of the 750mb 
surface come to about + 30 Ceet and that they arc not appreci­
ably larg r in the e of the 500mb 'unace. This positive 
h igbt error indicate that the a iua! lapse rate was sljgbtly 
great.er thaD that as urn d while t.he 'ecolld result indi ates 
tb. t thil 'rror arises In the low ·t part of the air column. It 
appears logical, th relore, to attribute t.h rror to the as umption 
o{ a saturated diabatic lapse rat. ior a lay r wbere the dry 
adiabatiC might be more appropriate. 

If, to Ie -t tbis hypothesi, we take po = 10 ro mb, To = 50 F, 
and a cloud ba"c of z,ooo-fl. as a typical example f '. Allantic 
and British I Ie:; conditions, we ~nd T"I' = 37 F and PIO.OOO = 
692 mb, on Pett.erseu's assumption of saturated lapse rate, 
and T m = 34 10 and PlO,OOO - 690·5 mb, assuming a dry 
adiabalic lap rale up io the cloud base. The + 30,ft. error 
lound by Marlm is or lhe same order and in the same ·ense as 
lltis diJIcrcnce of 1.5 rob. This Ilugges thai t.he err rs (ound 
by Martin in Lbe height o( lhe 750 mb. and 500 mb. surfaces 
might be further reduced by introducing into the method of 
omputation the assumption speci1ied in Rule 3 (p. 3) of the 

pre ent l ote. 
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illustrative Series of lO,OOO-ft. Charts; May 12/16th, 
1941. 

Figur s 2 to 6 r pr due th 10,000-foot charts 
for th orill tlanti and rth m rican r gion 
for I300 GMT. on the 12th to 16th May, 1941. 
iigur 2a t 6a how th corr ponding M .. L. 

Chart . 
Th data u ed in construction of th 10,000-foot 

hart consi ted f pilot ballo n ob ervations from 
the Unit d Kingdom., Ir land, T wfoundland, 

anada, ... , pain and Portugal and th pani h 
and ortugue po es ions; al 0 upper air t mp ra­
tur ob rvati ns from th foll wing place :-

uil lk, kIah rna, Okla. 
Wa hington, .C. 

. Ir land. Lak hur t, J.: .J. 
l. Luis, Mo. 

Buffalo, .Y. 
t. J li t, ( hicago, 
Ill.). 

Portland, Ie. 
Minn apoli, linn. 

ault te. Mari , Mich. 
o. akota 

and IT m aU. . Coastguard v 
390 N. 460 W. in th Atlantic c an. In addition 
pr ur at 10,000 f et were d clue d from. as umed 
r pre ntative urface air 1. m ratur and lapse 
rat s at points catter d over the ntir chart. 

Isobars ha be n drawn at 4-mb. int rval , "lith 
the exc ption of lightly-drawn and clearly-numb red 
intcrm diate isobar nt r d t how centr of low 
and high pres ure n figur 3 and 4. Front ar 
shown according to the following notation :-

••• \ arm Front 

••• old Front 

-"-. Occluin 

- - ... • - Warm Occlu ion 

.. ... - ,.,. Cold clu ion 

- .. -.. Quasi tationary Fl'ont. 

ot hay b en u d to indicate unc rtain front, or 
frontal po ition £Lx d on in um ient evidence. 

It i necessary to r m mb r that fronts hown at 
10,0 0 f conventionally r pr nt the int ection 
with the 10,000-foo plane f th upp r uriac of 
what i oft n a d p lran ilion lay r; th line of 
the front n th 10,000-foot chart thu' mark off 
th boundary b tw n the warm air mas and a 
han i1.ion b It which may have a horizontal ext nt 
of th ord r of hundredE oj mile . harp fronls, 

harp frontal wind shift and harp angl in th 
isobar will be corre p ndingly rare at 10,000 feet. 
Also ince air rno em nt in th v rtical plane 
ar taking plac on a broader scale than n th arth's 
urIa (which nee ssarily limit th m), the gradient 

wind component aero a front at 10,000 f et can 
seldom b taken as am asure f its rate of advance. 

n of the mo t striking haracteri ti of the 
Io,ooo-foot hart ri (fig 2 to 6) i the di app ar­
ance f the c ntr s of high pr ur hown over 
J.: orth rn anada and r nland ou the surface 
chart (fig. 2a to 6a). The high pr s ur at low 
1 vel i a sociat d with th great den ity of cold 
air near t.he surface. me of th centr of low 
pr sure over the nit d tat al fail to reach up 
t ro,ooo f t. High t mpcratur s and low den itie 
ar as ociated \vith a comparativ ly low rat of fall 
of pr sure with h igl 1.. Th n t r ult of thes 
ff ct i that th chart for 10,000 f et ver the 
orth American ontin nt pr sent a much simpl r 

pi tur than th c IT ponding surfac chart. 
1 lor ov r the teady aslward ad anc f the meri­
dional fr ntal ystem throughout their entir 
1 ngth is asi r t und r tand by ref I' nee to the 
Io,ooo-foot chart than to the surface charts. 

Th axi of a low pr ur yst m 1 ans towards 
the ide wh r U1 cold t air m e are found. 

vcr the ast m rtil tlantic and the European 
s aboard this mans a normal tend ncy to I an 
towards the north-w t, but v r th Am ric an 
Contincnt th axis of a d pre ion is liabl for the 
same r a on to lean far towards th north or north­
ea t. 

Th axi of a high pr sure y m 1 an towards 
th id wh r 1..h warm t air m ar found. 
This normally m n an in lination towards the 
south-we t or uth. ' h ria e t mperature 
c ntrast from land to ea in the tropics and con-

qu n1..ial hating of th air ov r th land, h w ver, 
produc apr is en t t nd ncy t high pre ur 
aloIt v r th ahara. Th chart ri (2a to 6a) 
shm s th ubtropical high pre ure y t mover th 

Uantic di placed omewhat to th outh of its 
normal po ition. Th 10,000-foot chart (figs. 2 
to 6) how th high pr ur belt till further sou tho 
Ov r th coast of Africa th change from N .E. 
trad winds at th surfac to .W. count rtrades 
at 10,000 f t an b 1 arly sen. 

Two notabl feature of the p riod cov red by 
th se chart w r th oc anic anticydone in lati­
tude 500 and th d pr s ion n ar the Az res. 
That both th f atur appear also on th 10,000-
foot chart i a ymptom of th ir P r istence ; 
v nts of a tran itory natur seldom show much 

d v lopm nt in d pth. Th unusual Azor Low 
is so w 11 de lop d at 10,000 fe t that it must 
extend to much gr ater height, nd ne usp cts 
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that it may have b en induced from aloft. No 
frontal analysis of thi depr sion appears pos ible 
but it is not worthy that the centre deep n d a the 
cold air suppl inten in d on the 15th and 16th 
bringing in air f maritime arctic origin. 

To follow succ sfuUy the d v lopm n1. over the 
_ tlantic deduced pI' ssur s at 10,000 feet for 
Madeira, th anary Islands, the Azore , Bennuda 
and Am rican hips on th trade route to the W t 
Indi s ar ential. Furth r north w mu t u e 

timat d prcssur ba d n characteristic uriac 
t mp mtur and air mas lap e rate valu for 
points over th ea, paying particular atlention to 
availabl urfa e bservations from Ic land, r n­
land, lution I land and th anadian arctic 
regions. 

Turning now t points of d tail, we hall di COy r 
om int r sting v rincation of ih validity of th 

m thod and of th chart s ries shown in th 
figur s. 

~igur 2, 3 and..j. how a trong gradi nt for 
.outh-we t rly wind at 10,000 f et ov r the United 
tat s ju tat of 1.11 Ro kic. Wind of 30 to 

40 mph. and 0 r ar incli at d, though no pil t 
balloon ob rvation' are availabl to provide a 
ch ck. Th situation as regard forecasting is thus 
imilar to that which ari s v r the oc an. The 
ntir s ri s of IO,ooo-foot charts is con i t nt in 
h~wing this b 1t of trong south- vest dy wind. 

becoming e entually mth r m re west dy, advanc­
ing astwards acros the nited States. Th first 
yerification from dir t ob rvati ns arne on th 
15th (fig. 5) wh r \ ind of 30 to 40 mph. from 
dire tion betw n 2400 and 2 00 ar sh wn by th 
balloons at all tation in thi cun nt. ext da 
(fiO'. 6) the dire ti ns ar from 2500 to 2900 and 
p ' d. f 50 mph. app ar. 

ver the tlanti c an th occa ional ball on 
ob - rvation ff m til n availnbl hip in 39°N 
46 W agr w 11 with th patt rn of tll i obars. 
Furth rat th arne may b aid of th ob rva­
tion ' availabl' from lad ira, pain and the British 
I 1 ' . Wind for 7,000 f t and over hay b en 
plott d on fig . 2 to to k out th neh ork of 
ob '1'vations wh r r adil1g a high a 10,000 feet 
ar ia king. 

Finally, it will b worth whil xamine fig. 3, 
th 10,ooo-fo t chart for 13th May, 1941, in some 
d lail; f r thi chart was drawn d lib rat Iy from 
tll stimat d pre ure values alone, th balloon 
ob rvation b ing nt red lat r. The agr mcnt 
b twe n th xp ct d and ob rv d wind alue is 
gratifying, and l' rus in a striking mann r both 
th su c and known limitation of the 
m thod. Th following tabl illu trate the com­
pari on b tw n xpect d and ob erved wind 

values at 10,000 feet for ight fairly distributed 
tations on fig. 3. 

STATION Geostrophic I Observed 
Wind Wind 

Barcelona, Spain ... 350• 15 mph.. 3300 JO mph. 

Kupuskasing. Ontario 350030 mph. 350. 30 mph. 

Caribou, Maine 220· 25 mph. 220· 15 mph. 

uffalo, -.Y. 340. 10 mph. 350.10 mph. 

J: ew Haven, Connecticut 2700 I2 mph. 250020 mph. 

Indianapolis, Ind. 350025 mph. 360° 15 mph. 

Little Rock, Arkansas 350.20 mph. 350025 mph . 

Jacksonville. Florida 2700 30 mph. 2800 40 mph. 

The most notable departure from 'Pected values 
occurr d in Florida. Th r s veral stations con­
sist ntly r ported winds 10 mph. or rath r more 
above geo trophic strength, with a slight tendency 
to blow outward acro the isobars away from the 
trough ov r the south- a tern tate. El ewh re 
the d partur of the observation from expect · d 
wind valu s are m re haphazard, and the balloon 
from n ighbouring stations do not agree in this 
resp ct amongst them lves. 

Th over tr ngth winds ov r Florida and eorgia, 
transporting air away from the trongh over the 
outh-east m s tion f the U .. A., were a feature 

also of the prc ding day' chart (fig 2). The 
geostrophic wind at 10,000 ( t over Jack onville, 
Florida. was then 2800 20 mph. a.lUl0Ugh the observed 
, iod was 2900 30 mph. Th vid nce of ob erved 
winds and pr. UTe comput d from ob rv d 
upp r air t mpcrahu valu s 0.1' ~u fficiently con­
vincing that in thi rcgion on tIt 12th and 13th 
fay, 1941, th wind flow at IO,OOO I et r ally did 

d part from h geostrophic balan in th s n e 
not d. yclog n i was deduced. The appear­
ance f a small c ntr of 1 w pr our outh- a t 
of ap Hatteras on fig. 3a (1300 . 1.T. on the 13th) 
j th fu: t indication on th surface hal' of the 
depr ssio11 whose ubsequent developm nt may be 
follow d on -Ole ucceeding harts. I r ure tend-
n ies n v r gave much indication of the de lop­

m nt of this centre until the \" rung of the 13th, 
alth ugh onditions consi ntI favouring it 
d \"clopmcnt were fir t appar nt on the Io,ooo-f ot 
chart twent -four hour ' earli r. n th urfac<{ 
chart of th I2th th nly indication wer afford d 
by a detailed tu y of the hip' ob ervations n 
th trad route from United tat ast coast 
port to th arribean ; rratic wind directions 
giv n by th light bre z s b rved howed some 
tend ncy to th de lopm nt of anticlockwi e 
circulations, and xc ive ehi. nt of medium cloud 
o erbead wer ob rv d. 



1040 1030 1020 1010 1000 990 980 970 960 950 

• 

104 0 1030 1020 

M.S .L . PRESSURE IN MSS 

F'/(i I . /)II'1GRRIrI FOR tlBT.QIAlIAlG I9Tklt:7SPNERIC PRESSVRE I?T IqO()tl rr. 

940 
80 

70 

60 

50 

40 

30 

20 

10 

o 



.. 
F~. .z 1'1000 Ir. charI - /.3I)Q 6.;H. T. M(:md8Y 12 Haj 1944 

Ff! char! - /.1I)Q 6.:#. T. 



Ftj. $. '''000 /1. charl- 1:1"" 6. AI. T. 

1300 G.M. r. fff 
13 May 19-' /. 



F~. 4. ItJ,QI}O If. ch;;rl - /.JQ() 6 . AI. T. JII"dlf~sdiily 

F{s. 4<9. 1,3(}() G. M. T. 
., 

/4 . May /941. 



lit 
Thursday 15 May 1941 



10, 000 Flo charI - /300 6. -H r. Fria'lj 

It: 

F'rid.9Y I~ May 11U/ 



DEP"\RDlE. T OF L DU THY TD OMMER E, IETEOROLOGICAL ERVICE 
GEOPHYSICAL PUBLICATIONS 

Vol. 1. HAlo(O NIC ANAl.YSlS AND YNTlfE. IS CIlEDULES FOR TlIREE TO O~m HUNDIUm 

EQUlDI:)lA~] "AL ES OF E~ll'IHIC FUNCnO 'S. By Prof. L. \Y. Pollak, Phil. Dr. 
(Prague), l\I.R.I.A., (1947). 

£2 25. od. 

Vol II. A1 r. TERM GUlDE FOR UARi\IONIC t\~AL y rAND YNTJlE IS llSI~ . ..3 1'0 2+ ; 26, 28, 

30, 3-1-, 36, ..3', _~:l, -/-4. +6, 52, 6o, 6 ,76, 4, AND 92 EQL'1DlSTA. 'T VALUE '. By 
1'1'or. L. \\'. PoJlak, Phil. Dr. (Pragu ), M.RI.A., (1949). 

£2 25. od. 

Vol. III. No. I. THEORY AND DESCIHPTlON OF A GHADlENT WIND OMPUTER. By 1\1. Doporto, 
Doctor en Ciencia ' Fi icas, (1950). 

65. od. 

" 
No.2. MOKE ourCES A D VISIBILITY FORECASTING IN GREAT BRITAIN AND 

IRELA D. By H. H. Lamb, B.A., (1950) . 
2S. 6d. 

" 
_ o. 3. THE DEVELOPlI1E 'T OF A IETIIOD OF E TlMATI l G A ' D FORECASTh G WINDS 

AT 10,000 FL£cT OVEI{ TIill OHTH fLANTlC. By ll. II. Lamb, B.A., (1951). 
5/-

B.II2S1.Wt.4272-611I1.U.224.8.8.I.UOO.l/6U .. T..t00.Ltd. BIt. 


	ME16105-1
	ME16105-2
	ME16105-3
	ME16105-4
	ME16105-5
	ME16105-6
	ME16105-7
	ME16105-8
	ME16105-9
	ME16105-10
	ME16105-11
	ME16105-12
	ME16105-13
	ME16105-14
	ME16105-15
	ME16105-16
	ME16105-17

