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Preliminary Report on Pro jec t  31 

Since t h e  pressure a t  any one l e v e l  is the  integrated r e s u l t  of pro- 
cesses a t  higher  and lower levels end cannot be understood without consid- 
e r ing  condi t ions a t  o the r  l e v e l s ,  an attempt was made t o  study t h e  synoptic 
d i s t r i b u t i o n  of' 12 and 24-hour pressure and temperature changes i n  a s e r i e s  
of th ree  successive l e v e l s  and t o  r e l a t e  the syhoptic developaents a t  each 
l e v e l  t o  the  phenomena a t  other  l e v e l s  and t o  t h e  surface weather. 

l o g i c a l  d e s i r a b i l i t y  and a p rac t i ca l  necess i ty  to  divide the  atmosphere i n t o  
as few a number of l a y e r s  as possible.  O u r  first choice was t o  divide the  
atmosphere i n t o  three layers: t he  lowest ,  from the sur face  t o  3 kilometers 
includes the  major i ty  of surface e f f e c t s  such as, pressure and temperature 
changes which result  from the  migrations of cold domes of po lar  cont inenta l  
a i r ;  the  middle l a y e r ,  from 3 t o  10 ki lomters ,  includes the  region where 
dens i ty  changes a r e  a minim&, where surface e f f e c t s  a r e  not  pronounced, 
and which I s  below the region where changes are taking place due t o  conditions 
o r  ac t ions  i n  the  s t ra tosphere ;  the t h i r d  o r  top l a y e r  i s  made up of d l  
the  remaining atmosphere above 10 kilometers which w i l l  i n  general  include 
the  high troposphere u s  well as the s t ra tosphere.  The 3 and 10 kilometer 
l e v e l s  d iv ide  t h e  atmosphere i n t o  three  l aye r s  roughly equal i n  weight: 
the  lowest layer from about 1012 mb. t o  about 700 mb.,  o r  312 mb.; t he  middle 
l a y e r  from about 700 mb. t o  about 260 mb., o r  440 mb.; the  t o p  l a y e r  every- 
t h ing  above 10 hi., about 260 mb. 

l a y e r ,  the  weight change being the  12-hour change i n  the  d i f fe rence  of  t he  
pressure a t  the bottom and top  of t he  layer .  For the  toy? l aye r ,  of course,  
the weight change is simply tbe  pressure change a t  the 10 km. l eve l .  A 
s e r i e s  of 60 of these  char t s  w a s  constructed w i t h  i sople ths  of 1 2  hour 
weight ch-e entered i n  a d i f f e r e n t  color  f o r  each l a y e r ,  together  with 
the  surface i s a l loba r s .  For t h e  i sop le ths  of weight change within the  0 t o  
3 km. l a y e r ,  3 t o  10 km. l aye r ,  and the  l a y e r  above 10 km., we have used 
blue,  red,  and green respec t ive ly ,  and we s h a l l  r e f e r  t o  t he  various weight 
chanqe regions simply as blue,  red ,  or green areas  with t h e  appropriate  
s ign and mtcgnitude. 

moving olonq with t h e  wind. JL these  areas r e s u l t  from the  movement of cold 
o r  warn masses of  a i r  they should be expected t o  move with the  wind. Ig, 
however, they r e s u l t  from the  transmission of larip sca l e  pressure waves, it 
i s  not Qt e l l  necesse.ry t h a t  t h e i r  movement should be e i t h e r  i n  the d i r ec t ion ,  
01: with the  ve loc i ty ,  of the  wind. 

constructed and then cornpured with the  observed movement of the  mens.  
agreement 
and only f a i r  f o r  the  p e e n  areas. 

For the  purpose of t h i s  study as wel l  as any forecas t  usage it is  a 

Charts  were constructed t o  portray tLe l:?-hour chanqe i n  weiqht i n  each 

A preliminary study of' t he  char t s  seemed t o  shorv the  weight change m e a s  

Tra j ec to r i e s  of the  a i r  p a r t i c l e s  within a wei,qht-change area were 
The 

very good f o r  the  blue a reas ,  f a i r l y  good f o r  the  red s r eas ,  
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The discrepancies betwean observed movement and tha t  computed by 
using t r a j e c t o r i e s  may be explained by one or  both of the  following s t a t e -  
ments: 
The areas  may not be masses of a i r  of d i f fe r ing  tenzperaturo, b u t  may be 
due P a r t i a l l y  o r  wholly t o  individual divergence phenomena. I n  an attempt 
t o  answer the question of whether the regions were due t o  simple advection 
of a i r  of d i f f e r e n t  temperature o r  to divergence i n  the v i c i n i t y  of the 
trouighs o r  r idges , sca t te r  diagrams were drawn t o  indicate re la t ions  between 
the mean v i r t u a l  temperature of the column and the weight change of the 
Column. 
associated w i t h  increase i n  temperature, while f o r  pure advection o r  what 
is the same thing,  pure l o c a l  convergence$ the reverse should be true. 

For the l a y e r  0 -- 3 km. the  mean v i r t u a l  temperature versus the 
weiqht gives such a sca t te r ing  t h a t  a c lear  cut answer does not follow. 
'&ere is some indication, however, t h a t  a tendency e x i s t s  f o r  the posit ive 
blue areas t o  be regions of cold sir, and negative blue areas t o  be regions 
of warm air. For the 3 -- 10 km. l a y e r  the sca t te r ing  is not so great  and 
a d i s t i n c t  tendency is shotm f o r  the  red areas t o  be warm f o r  negative weight 
changes, and cold for  posit ive.  
Pause has been used a s  an indication of the average temperature i n  the 
"effectiveff portion of the layer .  
t h a t  posi t ive green areas were associated w i t h  high tropopause, t h a t  is ,  the 
Posi t ive green areas  were regions of lower temperature. 

The question of the re la t ion  of the weight change areas t o  the posit ion 
Of the  troughs and ridges was then studied. 
lowest and middle  l a y e r s ,  the troughs were regions of posit ive weight chanee 
while the ridges were regions of negative weight change. 
was reversed f o r  the top layer .  -This gives s u p w r t  t o  the  idea of individual  

beginning t h a t  with the areas due t o  masses of d i f fe ren t  density and advected 
with the wind, i t  would be a simple matter t o  construct t r a j e c t o r i e s  f o r  
each area in the three layers  and then sum algebraical ly  i n  the v e r t i c a l  t o  
ge t  the subsequent surface pressure change. 
playing a subs tan t ia l  par t  i n  the formation of the areas as indicated by 
t h e  s c a t t e r  diagrams, as well as by the location of the  area8 r e l a t i v e  t o  
trou,& and ridge posit ions,  the d i f f i c u l t y  of forecasting them i s  grea t ly  
increased. An attempt was made t o  r e l a t e  the locat ion of the weight change 
areas  with respect t o  the troughs or  ridges and t h e i r  subgequent movement. 
It was thought t ha t  negative areas t o  the eas t  of the trougb would indicate 
more rapid eastward movement than i f  the negative area w a s  t o  the west of 
the trough, but-no consistent r e l a t i o n  of t h i s  nature was found, 

,'' 

The t r a j e c t o r i e s  a s  computed from the maps may be incorrect;  . 

For pure individual convergence posi t ive weight changes should be 

For the top layer ,  the lzeiight of the tropo- 

The height of the tropopause varied so 

I n  almost a l l  cases f o r  the 

This condition 

-convergence as the cause of the weight change-areas, 2>.waS>-hO~WNi i n  the 

But with individual convergence 

The question was raised as t o  which layer  contributed most t o  the surface 
This question was quickly answered by observing the charts. { p r e s s u r e  changes. 

I It w a s  seen t h a t  while at any one time any one of the layers may be respons- 

/each l a y e r  contributes a1 most an equal amount since each layer  is roughly 
' '' i b l e  f o r  the greater part  of the surface pressure change, on the average 

p' one-third of the t o t a l  atmosphere. \, 
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The var ia t ion  of weight i n  each layer  is about one percent of the  
t o t a l  weight of t ha t  1e.yer. 
-_ areas of' p lus  or minus 5 rob. move across t h e  mp in no set pat tern,  so 
tha t  the conclusion is quickly drawn tha t  the average weight change f o r  
each layer  a t  any one s t a t ion  would be about 2.5 mb. In  the upper layer  
Plus o r  minus 10  mb. changes are  occasionally observed SO t ha t  the average 
Weight changes i n  t h i s  layer  should be somewhat higher. 2'0 check t h i s  
conclusion data from a l l  s ta t ions  f o r  a l te rna te  days i n  Dec. 1941 were 
averaged to give the weight changes for each layer.  This tabtilation gave 
2.5 mb. f o r  the 0 -- 3 layer ,  2.5 mb. f o r  the 3 -- 10 layer ,  and 3.1 mb. 
f o r  the layer  above 10 lan. 
weight of each layer  we get the percent var ia t ion i n  weight f o r  each 
l aye r  as: 

Again observing the charts ,  one sees that  the 

Comparing these averages wi th  the average 

.008 f o r  the 0--3 km. layer 2.5 - 
31 2 

- -  

- =  .006 f o r  the 3--10 Inn. l ayer  2.5 
440 

.012 f o r  the  layer  above 10 lan. 3.1 - - -  
26 0 and 
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