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fesppa?s& where: the tt^-növe-r sf weather personnel has heön 

rapid and published1 material on- analytical texjhhiqufs. .has been limitedi,. 

there  is' a very definite .dangir that much valuable  "fknöw how" will be 

ips%;,    During; the war? when .synoptic coverage in the Pacific was. at 

its bagfej very little was written about the techniques in, use or about 

the requirements for synoptic coverage. 

This report j furnished by Dr.. Reid A. Bryson of the 'Department 

•of mete ore xögy -of the University of 'Wisconsin-, was initially ä part 

of bis doctoral dissertation submitted to the University- of Chicago* 

It. summarizes very well the techniques in use while Dr. Bryson iras on 

active aaty as a; M'aj;Or" at the Weather Central on Guam in the latter 

part :o.t the war. Although some of the techniques are now outdate&j 

they ,may still provide ideas for developing new .channels of thought 

•and subsequently new techniques. 
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.AN: EXM&LE OF EASTERLY 'Wi^E ANALYSIS IN' THE WESTERN 5P$eiFIC 

8-10 Xuly 1§>5 

,,'4^ 

)'•» 

A8ST M0T 

Ordinary -analytical techniques are generally unsatisfactory for 
the 'study of Easterly waves, and* must be supplemented by use of time- 
sfectiQhäi  streamline;!.,  specialized cloud observations »• 

%f< the spring; of 1945', wfeeri the deep easterlies^ returned to the 
Marianas-, ä long series of easterly waves began.    The wave'! which- passed 
Guam on. tne= .öinth öf July.», 1945 serves as an example to illustrate a- 
number of characteristic features. 
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Analytic Technique., for thfe-Study of Easterly-Waves 

Despite the development of a number of auxiliary charts and devices 

•the .ma^sr tool for the tropical analyst is still the synoptic chart.    The 

jämphasis is definitely shifted,, however, because of the nature of the 

atmospheric processes of greatest importance in low latitudes,    Tempera- 

'tU-rp --da dew-pointy so useful in frontal analysis j might as well be omit- 

ted,  for fke synoptic variation of those elements is much less, than the di- 

urnal and" i-s caused by local conditions such- as cloud or a shower more; 

than by some general change in the tropical air mass,    temperature and 

dew-point data are' useful in fog forecasting, but fog is so rare in "the. 

. oceanic portions of the: tropics that few forecasters even consider the 

possibility, 

The: pressure, äs such has no «reat, significance unless very low^- and 

the combined observational error,._ large diurnal variation., and scarcity 

of surface observations makes the -drawing of isobars an- interesting., but 

very nearly useless pastime.    Three-hour pressure te^encies, unless 

•&M&t*> 
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j ext.Tie.meiy large-, -are of little value..    Twenty-four hour pressure changes 

are. much Better where the stations are fairly closely spaced,,.- 'äs In the- 

Ga-rib.be.an,; but at isolated stations; synoptic* variations due to swöCHdäry 

jj.   circulations may be i-ndi.sjfciögui3habie from those due: tq- minor changes: in 

F\ the. intensity or location of the centers of action; 

Wind,, cloud, and weather data constitute, the main bases for -analysis 

If. of the, .synoptic chart*    though .surface stations are scarce in. oceanic 
t -•-•-•-_"'" - 
i • " .. - - . (" regions, during the wary at least.,, the great number of airs-raft reports 

'> (mostly •wind-,  cloud,, and weather;-)1 made, aha-lysi-s possible,.,   Streätnlines 

% .   may be .dsawn to the wind data in place öf the üs.üsl  isobars.    Several 

?_ techniques may be used.    That employed by the author has -been described 

['• by Allen and Bryson,   (Reference !)'_$ and; served very well in the western 

%4- Eaci'fife,,    Since the average weak, easterly wgve in -the Pacific area is- 

& associated with a wind- shift of less tMn 10 degrees it is clear that 
18 
*f- wind -analysis can not serve as the  sole analytical, tool,, except in the 

g? case of strong waves. 

!$ _ Gloudfe and weather are so- closely related in the tropics that for 
Lii o . .. .   . 
SÜ----_ purposes of comparison they 'may be grouped to_gethe.r>.   T.he; form, .of the, 

-^jrr 
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clouds may be used as a sensitive indicator of stability conditions which, 

seem, to- ;have: rather typical distributions about the maj or secondary cir- 

culations in. the tropics. Carrying these ideas over to-the. synoptic 

chart-,- the distribution of cloud fbrm (Reference 2Ö! may be used to .guppie- 

.ment the streamline chart. Unffortunately» the cloud form must be1 deduced 

from the cloud amounts, sizes, and associations Reported rather than, from 
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the. International Code for state of the, sky.-, for the latter is often- not 

rfpozfüea py untrained observers in aircraft being, more. complete- and- re* 

liable than that furnished by trained1 observers on the ground* 

The Ideal, .streamiine- pattern1 associated wi-th ah easterly wave is 

usually indicated on the chart where .easterly waves are suspected unless; 

evidence to the contrary is present. •__ 

$h addition to the .streamline chart, the time-section of winds has; 

found rather wide favor in the study of easterly waves-*. for1 pibals and 

rawlns are. more accurate than aircraft winds and offer a more continuous, 

set. of observations both in time, arid elevation*    Another time>seetlon 

found .especially useful by the author is that of cloud  form stability 

ihdex.j. but,, like all -observations taken at the point for which the fore.-? 

casts are. ias,ue.ds. it- is more valuable, for diagnostic than- for- prognostic 

¥ 

ft I 

One of the most promising., tools where numerous inflight reports are. 

available is- the route-time diagram,*, (Figure ii\, but it has. niat, been- 

sufficiently tested in practice for ä detaiied dss.cfSpt ion of its use< 

to be given here. 

•Probably the most useful criterion in the study of easterly wasres is 

continuity,, despite the fact that continuity is frequently uncertain and 

sometimes, .definitely missing. Changes in intensity are so pronounced and 

'rapid,,, and the data often, so sparse, that, the safest guess for the analyst 

is to continue the presence and  rate  of motion, o£.the wave until asäin_ . 
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verified toy thp- data, or definitely shorn to 'nave disappeared i    Easterly- 

waves H.y.e 'been, tra-öed through- distances of several thousand miles,,, con- ^,'j 

tihuöusiy and •demöhsträbiy* and while others have /been seeö tö disappear 

or- apparently be gen&rate.d in .g-it-u. .such is an exception that needs fur* 

ther study before- discarding' the, best-'tested and time «^honored approach 

in synoptic anaiysi.s.-~.cöätihuityj.; 

-Synoptic -Des6rjötdo.n of - an Easterly- »ave. Situation.. in-.'the :We-ste.rn- ^Nörth 

•Pacific 

During, the early winter- of' _l:94&-45»- the- -Heather" •of' the western 

| Pacific was dominated by ä series of migratory' sübtrppi-cai anticyclones 

1 sweepiiig eastward.    This :w.as- also a period! of westerly steering over «Japan-; 
L - -"       '    - 
¥ Between these anticyclones ä series of polar troughs  gr,, as referred to 
! : _   - -       
i "-- - - •- _" 
t by Hines,   (Reference .3),  inter-ceil troughs., also moved from west to east. 

| Along the southern boundaries of the higbgj, the trade current -was little- 
t ...... 
Ft. 

f, disturbed: by the .polar troughs arid' a series of easterly waves, some asso- 

ciated with storms j. moved westward. Westerlies appeared; aloft over the 

Marianas only with the- stronger' of the: polar troughs.* On these occasions 

t. . the- base of the westerlies at Sä-i-päh', v;as hear ;2If\,.QQCL-fe.-et., but .ssme e£ 

f- the data showed that- easterlies reappeared abovei §Q;.0QO fee-ti During- the. 

k, 
f_ periods of deep easterlies this- -was the caso, easterly waves usually were 

_»•«(=>.«5P.nt.       —  ...       ._         .    .      _       .       
r- ^ *i — 

As the; interior of Asia became eolder,  the highs drifted farther 

southward and .consequently westerlies were more frequently present aloft. 

From mid.-January through early February the base of |he westerlies gradu- 

ally but irregularly lowered until S;.QGQ. feet was an everyday figure. 
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V Few easterly waves were observed during this period,. 
'i 
£ This. period was one of marked northwest flow -over the region' of 

r. J/aoan. which then turned' to northe&pt across the, ''Marl-anas..    Unde* the.se 

f .conditions a. ma^or semipermanent, trough was located considerably to. the 
if 

? säst of Saip'äh and; the subtropical. anticyclones were, intermittently re- 

l placed by new masses of modified polar ai-rs   This ig- the closest approach 

\ to a nöT-theäst m'ohsö.öh bbfefved in. the Marianas. 

f Early in March the steering pattern off the coast of Asia changed 

j to southwest,  and the Pacific- a-n£i-«ye/;p>nes- bceäSie qüa&i-stati-onary south 

'1 of a polar front along which wave cyclones moved from the Formosa region 

te.wa-r.ds the Aleutians..   With this reestablishment of normal trade current 

conditions-," easterly waves once more became prominent features of the wea- 

ther,, if any -feature of triä'd'e weather may be called' prominent.    During 

.'March the easterlies deepened-   a-nd easterly wsves were common. 

April marked a return to- the conditions .of Eovembe-r, westerlies at 

the surface er -in the Mdd-le troposphere alternating with, deep easterlies.. 

Several, of the easterly waves of-April deepened t'P storm intensity,.    -Again 

the- -easterlies were- found to be present above, westerlies at heights of 

/ _      45*000 to 5Ö)Öö"0 feet.. 

-7 

r» 

r' With the advent o.P May, the easterlies rapidly deepened as the; Facific 

-^ became dominated by the e-jspansion «?f the eastern Pacific anticyclone from 

%•• which ä broad, deep easterly current emanated.    As a. result,, there followed 

k in ;M^'» Jtone-f July.,, and August, an almost unbroken succession- of easterly 

f:^ waves.    Only when the 'equatorial front was- far north p.d the- trade cur- 
f* - - -"' ' f 
•p rent not present was this series interrupted. 
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lxa,mp'aie-. öf 8~ 1Q-. July .1-91 $• 

The< series of six-hourly synoptic charts for 9 J^üly 194.5 illustrate 

S the general situation, during- ä trade-wind period over- the- M'ariänää in 

t the: early part öf the we* seiäsöhv*   '('Figures, ga, "~. |i-).' 

7 Several days- before the period illustrated-,, there had been a separate 

1 ä-ntrcy-c-Iöhs in. t-hat- pörti-oä. of the Närth Pacific, between the Marianas and:- 

^ the. Ryuky'u, 'Retto which caused the main trade current fron) the -large high 
f 
I in the central !North Pacific to turn sharply northward' over the Maria-oars-. 

r. Ey 8.July 194-5>  these1 highs-had- nearly fused into, one; hut traces of the 

u 
separation s-tiit remained on 9 July 195"©'.    Coincident with the fusion,- 

the  intertropieal converge nee, often called' the- equatorial front, began 

a -northward- susge from its. position, aeross the Ealau group to the- Philli-r 

pines and. Hainan..    About the same time a new equatorial front developed 

from t&s fförthern indies to I-nd'a-Ghina.    The polar front had not yet re- 

treatsd: north-of th& Japanese hoiäe: islands.. ._ _=--- —   - 

An easterly current at least 2,000 miles broad' flowed across the 

.Gilbert.*. Marshall;.. Caroline.,, and southern "Marianas Islands  an- '9 July 1945* 

?__.- Over most of this- area,, the winds in the lower troposphere were from the 

^ east pr east-southeast but varied in velocity from a few knots on the 

^ poleward edge near latitude 25°N' to a core, of maximum, velocity (20-25 knots) 

ff near 1Ö?R-.      The axis of the central North Pacific high tilted strongly   -__ 

•f^j southwest.ward SO' that the easterlies over the Mar.sha.lls turned to south-? 

£;': west at ^Q.ßQO feet, though over Guam and .Saipan light easterlies continued 

%? 

_* The data on the charts in Figure 2 were  copied^ from the charts of 
the Tropical Section of MF Weather Station 7.-4.3,    The polar front analysis 
is modified somewhat from that of the original analyst.    The analysis  of 
the tropical -portions including the streamlines is that of the author. 

vis.' . ^&3*n&i—•**•*-»- 
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to at. least SSr.tÖSG feet*    The axial plane of the surface easterly j.eit 

I also tilted somewhat southward' as indicated by the 50-60 knot easterlies 

f at '50 $000' feet, over ;Pälau, near 5:°N>  and •weaker .nprtheasterlies at Guam 

js- and Saipan.    0u the- equatorward side' this, broad belt of northern- .henii= 
it- 

•f .sphere easterlies merged 'with those  of the southern hemisphare ät about 
So >,, 
f 5°N. but with Co.- equatorial front  (or öiily a vestigial one) between thfe 

f- airstreams of different origfn. east of about 15:5%. 

f Imbedded in this easterly current,, a series of wä-Se-like disturbances 

moved steadily westward.,,  sometimes •with more pronounced wind's'hifts,  some-? 

p times with -larger associated clouds, but deviating. little from their 

t .mean speed: of about six decrees- of longitude per day.    This rather uhlfosm 

1 speed is indicated  by the six hourly positions of the wa^ei on the charts 

^ as well as .by the. uniform slant of the:-bands.qf' high and  low cloud tops 
* "        - -   - 
2 in the" route-time diagram ('figure l).    This wave «peed, is about, equal to 

,°* the mean wind- iri the lower troposphere in. the region- wher*e- it is measured^ 

.-? but is somewhat, leas than the. winds 'in the eöre; of the jet.,    Under- these- 

circumstances' it is difficult to draw conclusions as to the relation of. 

wave and speed of th&t basis current.«. _._:      :  - 

jgt Not all the waves  shown on J^he  charts can be. readily justified on 

% the- basis of the synoptic data alone,, especially on the night-time charts 

|f (IZÖQZ and- 18002}j but nearly always somo of the waves in a series will 

|j be evident.    Since there is ä degree of regularity in- the passage of Waves 

at a- station,  a suggestion- of uniformity' in the spacing of cloud "bands on 

Äi 

r 

<£? 'the route-time diagram«, and in exceptional cases"' good t evidence .of uniform p? - -- &   . -b.    _- 
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i spacing on the charts^ a most useful '-'rule' of thumb'' is to space -waves. 

x uniformly on th# charts Some of eagh se-rlas Will then be located by 
A. 

rr 

'. data;; some will be entered" tentatively on the basis ,of uniformity of spa-? 

I- oi-hg and co.nt.inuMy; With the sort of data available^ no -other course: 

£        „ is- open.                      .. . 

'        ; It will be noted that two- main, types- of data are1 used- besides con-? 

;! tinuity-.-t.he wind field and the distribution of low cloud> On the- first 

r" chart- of the series-- the- most prominent- easterly wave is 'that just east of" 
f •                                  '""                                    " "   - 
j 

L, '    the Marianas--.    The evidence, for this .particular wave is good in that not only 

t:     _ is the wave apparent in the •wind-field^  but it appears as ä well-marked 
L                - -                                                            ' •       -       "" - 
f band of cloud on the route-time diagram.    Ori the preceding-day's charts. 
V- ------- 
£ this particular wave was not outstanding.?. though every chart, bore some  

£=       —- _        - -..            -    :- I e-v-ifoSae of its: existence.                                                                    -                   -   -   . 

. The next wave eastward, is not so- clear, nor is that which is at about 

U               ------ -.                -"'•"-- 
&_ 16§pE.    TMs latter wave, however^ becomes more pronounced by 0000Z On- 

ft 'W July 1945*    It is not uncommon for strong or- moderate, easterly waves- 
fc     - '     '                                           "   ."'         "                  _         '       "-""- _--—-•••--    •-          . 

V. or disturbances -töi alternate with weak distu-rbeheeS;    The weakest waves . -         .          ......    .   --       -   ^         -    -        -----                 -                  . 

¥\        . which may be found on the charts foave. been drawn in.    These: alternate 
x                -                        -      -      "'-"_"__'        -       -              --   -          - —•                 -                         -                                   = -- 

L waves seem- weak, yet examination of the  röute-time diagram- shows that 
LL            . --                                                           - .- - 
f~ between the cloud.bands which-may be identified on the chart there are 

p still other cloud bands moving along parallel to them,, but which cannot 

fe be- seen in- the wind field..    On the other hand the strong waves such as- 

hi those described by Rieh! are still less frequent than the stronger of 

t those drawn on this .particular set Of charts.    Referring to the route- 

n ..•.-•'    "'-''                 -            V 
U time diagram in Figure  1,  it may be -seen that the distance between cloud 

'-4 
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bands is about half that -bet-wee n waves on the chart,    Q-f t-hese,  every 

o,t?lVer wave seems to be weak.*   'The  stronger of those on the sttfe&mline 

chart süpea-r"' tö alternate on the Saipart wind time-section,,  (Figure 4$, 

betweje^.proheuffcfä' waves below about 10 km and those, pronounced, aböv.e 

that level,.    The wave which passed the • lla-riaoäs on 9 «July 1945 appeared- 

;,   . as a pronounced wind shift, below 1-0 km at Ba-ipatt and Suaws    the interval 

; between, waves of this .sort is about that between the waves• desqribed by 

^ _     Riehl; in fact,  only the,se could havs. been detected with the. techniques 

k he. epTplöyed,..    This, ffatüre of the disturbances must be. accounted for in 

E   - any ..satisfactorv exD-iahation of the .easterly wave.. 
I- -        \ 
y •• The wave east, of Saipan on the ÖÖÖÖZ chart of 9- «uly 194.5 is drawn 

i: for1 the winds, at about 3..G.0.G: feet and passed that station shortly after 

12002 at that, ieve-l as shown both hy:  the rsynoptic- chart and the wind time- 

te.   sectiohi. At .20,008 feet,- however, the wind, shift did not take place, until 
ilf ^  _  _- 

ft about 12 hours later. %ith _a save, speed of. 15 knots, a slope of about 

~ 1:60 is indicated * T:hxs is a rather- usual value, though' 'portions- -or-alrl 

f! of the wave may be verticals Slope to the west.is rare» Since the slope 
is,» ' — 

^ may' J-ange up to Is la© or mors j considerable care must be exercised to 
&j .....        - ... . -~ ..      —. 

[^ maintain consistency of level for which the. streamlines and analysis are 

£,; drawn.    What may be ä weather area ahead of the wind shift at. -8,r0©0 feet 

|rv ' &ay be behind it at 2,,;Q0G..    Riehl's examples, from the Caribbean show 

* similar slopes,,   ('Reference 4). 

From the- synoptic chart it. appears that early on 9: July 1945, the 
9»'', 

m 

f 

*v! observed. 
* Not invariably so,  for all sorts Of intensity changes, have been 

EiÄrancaiGwntfr «töbj^^^ffl*S»e?AnpaiHsw»MiB»«i.ai5saL *tiGDxN*&nBwr o mm»i^Fz^mw&vsaanB^m&aS!S£!&lg^Bs*ttz^L* 
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easterly wave whi-sh passed Guam, on that day was characterized by the 

worst weather pre ceding the wind shift at 3,000 feet.,, whereas- late in 

the day this c^nS'-itioft was reversed.,    This seems to he corroborated by 

the stability index recörd-j   (Figure; 4.) *  but may be a function of the 

-etnsnee location cif the aircraft .reports aad individual cloud groups^ 

Probably all that can be said is that the areas of worst weather are asso? 

elated with the line of wind shift in the Tower layers.      Much investiga^ 

f tion needs to, be done along this line, but with waves: moving at 15 knots 
* 

and cloud bands one to. four houEs wide... six^hourly wind observations are 

too gross for conclusive results-.    This easterly wave passed Saipan at 

3O:,..Q08' feet about, the same time that the next, following wave passed at 

--_-  the 'surface^ ~~~" ' - 

The wind shift itself is ws-il=de-fi-h&d in. &hsM öne^half of the 

disturbances drawn on- the charts...    Oh the time sections  of wind practi?, 

cällyällr orders of dlstllrbs*^ft produce- £eme fluctuation of direction 

or speed but about one in. four displays the slowly increasing north com- 

ponent, followed; by a rapid ghahgs- to south component grid dcrcf-egsed speed 

that betrays the trochoidal .shape  Qf the. wave that is; apparent on the 

synoptic chart.    Examination of the- wind timersection reygais that super- 

imposed upon this turning to northeast then change to southeast with 

passage, of the wave there are a number of minor fluctuations.      ill the. 

features described above suggest thfjt rather than a number of isolated 

^ waves  or a single  series of similar v:.ä-ve length, those drawn on. the chart 
is} _  J _    - 

fe or seen in the time"  section are part of ä broad spectrum of disturbances 
S " '( 
'&   \ in the trade- .current. f 
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In summary.,  äs the synoptiss  situation developed during the period 

8-10 July 1945* the' upper winds at Guam. and. .Saip.an gradually but irregu- 

larly turned to horthe'ast.    The weather which had been, characterized by 

rather large curaulus •congestus improved temporarily on the morning of 

9 '^tiiy 194:5 -('local time.}.    At 070ÖZ on the ninth -(1703 local) a band of 

heavy' .cumulus eqnge.stus and showers passed Guam..    The  hext räwin showed 

that the. wind had: shifted in the  ±ewe~r layers at both Saip&h and -Guam? 

•whilej above 10 kin the- wind had become still more northerly*    By l8t'0Z the 

middle clouds,- which had thickened .in- the horn's preceding the ?dnd shift., 

•decreässd^as the bahS: of' cumulus in which they had originated mcvsd on 

by and'; the. stability in the lower troposphere increased..    The wind- shift. 

%^this time had been fell; to about 15,.000 feet and clouds of Vns. "trade: 

GümUlus"• type "with" an occasional conges-tus area, äominatedthe rest of the 

-day*   

Sirica for purposes of reproduction at a induced scale,, it, is- not 

possible to Include all data which is normally placed on the synoptic, 

chart,. Figure 5 is included to indicate, the scope of the data used in 

the^anä-lysd-s. for QÖövZ ön IG «Fuly 194 5 * -" , 
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