
U. S. DEPARTldENT OF COMMWCE 
Charles Sawyer, Secretary 

F, W. Reichelderfer, Chief 
IJt5i WEATHER BUREAU 

RESEBRCH PAPER NO. 12 
L 

NOTES ON INTERDIURNAL PRESSURE AND TEMPERATURE CHANGES 

IN THE UPPER AIR 

Washington 
1946 

APR 062007 
- National Ocearr~c & 

Atmospheric Administration 
U.S. Dept. of Commerce 



National Oceanic and Atmospheric Administration 

Weather Bureau Research Papers 

ERRATA NOTICE 

One or more conditions of the original document may affect the quality of 
the image, such as: 

Discolored pages 
Faded or light ink 
Binding intrudes into the text 

This has been co-operative project between the NOAA Central Library and 
the Climate Database Modernization Program, National Climate Data Center 
(NCDC). To view the original document contact the NOAA Central Library 
in Silver Spring, MD at (301) 713-2607 x 124 or 
Librarv.Reference @ noaa.gov. 

HOV Services 
Imaging Contractor 
12200 Kiln Court 
Beltsville, MD 20704- 1387 
January 22,2008 



NOTES ON INTEZDIURNAL PRESSURE AND TEMPERATURE CEANGES 
I N  THE UPPER A I R  

by 
R. C. Gentry 

INIIRODUCTION 

This report deals mainly with analyses made i n  an ef for t  
t o  f ind empirical relationships of use t o  forecasters. 
Although the type of analysis employed i n  t h i s  study i s  
not the most complete than can 3e made of the existing 
data, it i s  comparatively simple. ~ n y  useful relation- 
shi$s discovered could probably be used by the forecasters 
i n  the limited time they have for  making forecasts. Other 
methods of analysis might give more complete and accurate 
resu l t s  but would not be as  pract ical  fo r  use by the fore- 
caster because of the time element. 

M a n y  relationships were studied. 
studying individual cases, but most of the general re la -  
tionships discussed i n  t h i s  paper could be made subjects 
of complete investigations i n  which individual cases 
might be studied and analyzed. 
be divided in to  four general groups: 

L i t t l e  time was spent 

Relationships studied may 

1. Sta t i c  relationships between prerjsures a t  d i f -  
f erent const ant levels.  

- 2. Relation of temperature changes at 13 kilometers 
t o  advection. 

i 3 .  Comparison of changes i n  potent ia l  temperature at 
13 kilometers with changes i n  temperature and 
pressure a t  other levels.  

4. Compensation between:’. stratosphere and troposphere. 5. Relationships concerning the 3 -kilometer charts. 

- 

This paper was o r ig ina l ly  prepared in  January 1944. 
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STATIC RELATIONSHIPS BETWEEN PRESSURES AT DIFFERENT CONSTANT L E W S  

If the hypsometric equation i s  d i f fe ren t ia ted  logarithmically,  

g. 
.n 

1 a T. 

where E i s  pressure, 2 i s  time, and T - i s  temperature. 

When the  mean v i r t u a l  temperature of a layer  remains constant, t h i s  equa- 
t i o n  reduces t o  _ _  .. , 

- apl -- - 
p1 

at at 

o r  if f i n i t e  changes a r e  used, t o  

Thus, t h e  pressure change a t  the  bottom of an a i r  column i s  
times l a r g e r  than the pressure change at t h e  top of t h e  column (when the 
mean v i r t u a l  temperature i n  t h e  column i s  constant) .  
remains so near ly  constant t h a t  it may be used as such i n  any rough com- 
put at i ons . 

?I, 
The r a t i o  

Mean values for  t h i s  r a t i o  were computed f o r  several  p a i r s  of constant 
l e v e l s  from data  f o r  Point Barrow, Sault Ste .  Marie, Washington, and 
Miami, Data used were taken from observation records f o r  each s t a t i o n  
three  times a month f o r  eleven months (every month except August), 
Thus, the r a t i o s  were computed from 132 s e t s  of data  taken f o r  a l l  sea- 
sons and from s t a t i o n s  of widely d i f f e r e n t  l a t i t u d e s .  
ta ined were averaged, and the  percentage by which the  most extreme cases 
d i f fe red  from the  averages were computed. 
and the  percentage of extreme var ia t ions f o r  cer ta in  selected l e v e l s  were 
as follcws: 

The values ob- 

Mean values of the  f a c t o r s  
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Value Large st  per cent age 
var ia t ion  from the  mean 

69 

67 

4% 
4% 3 - L -  ' 

, -&- 
JQ 

' *lo - 

p13 

P - 
.62 7$ '16 - 

From tnese values, obtainei  by use of or ig ina l  data,  the  following values 
were computed: 

Level 
I Po ! 

-1 

IbP3 ' IZ 
Po 

' PlO ' Po- 
p13 1 

pis 

p6 , "  

- 
Po I 

-t 

Value 

1.45 

2.17 

3.8 

5.9 

10.0 

subscript  r e f e r s  t o  
s the  pressure a t  6 

57 4% 
.63 5$ 

the  height of  the  
kilometers. 

Level Value 
' ,  7 
L 69 

. -  

I p16 
l e v e l  i n  kilometers, 

When t h e  pressure change a t  one l e v e l  i s  multiplied by one of the  fac tors ,  
t h e  product i s  the  pressure change t h a t  would r e s u l t  a t  t h e  other l e v e l  
if there  were no change i n  mean v i r t u a l  temperature within t h e  column. 
Therefore, when t h e  &served pressure change at t h e  l a t t e r  l e v e l  d i f f e r s  
from the  pressure change computed by use of the  product, there  has ob- 
viously been a change i n  temperature between the  two leve ls .  The amount 
of change i n  the  mean v i r t u a l  temperature can be computed approximately, 
If the  observed pressure change at the  lower l e v e l  i s  subtracted from 
t h e  pressure change computed by use of the  f a c t o r  and t h e  pressure change 
at t h e  upper l e v e l ,  t h e  difference should be multiplied by t h e  following: 
amounts t o  a r r i v e  at the  approximate number of degrees change i n  t h e  mean 
v i r t u a l  temperature of the  c o l m :  
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Level Change i n  Tmv 

0--3 lun, 
3--6 
6-40 
io - -13 
13 - -16 

The forecas te r  i s  of ten  i n t e r e s t e d  i n  whether t h e  column of air  Over 
a s t a t i o n  on one day i s  colder o r  warmer than t h e  column t h a t  was over 
the  s t a t i o n  on t h e  previous day. 
approximately and r ap id ly  by use of t h e  f a c t o r s  as i l l u s t r a t e d .  

This information can a l s o  be obtained 

REZATION OF TEMPERATURE CHANGES AT 13 KILOMETERS TO ADVECTION 

 any fo recas t e r s  attempt t o  p red ic t  temperature changes i n  t h e  f r e e  
atmosphere by considering t h e  e f f e c t  of advection alone. 
made of t h i s  method with t h e  l 3 - h .  p o t e n t i a l  temperature cha r t s  by 
construct ing t r a j e c t o r i e s ,  and checking, t o  see i f  t h e  temperature change 
ind ica ted  by advection a c t u a l l y  r e su l t ed .  

A check was 

Since it i s  qui te  easy t o  f i n d  examples t h a t  i nd ica t e  t h a t  advection i s  
of grea t  inportance,  and o the r s  t h a t  i nd ica t e  t h a t  advection i s  of l i t t l e  
importance, t h e  p a r t i c u l a r  cases  used f o r  t h i s  t es t  were se l ec t ed  as 
nea r ly  as poss ib le  a t  random. 
types of maps, and they  were se lec ted  without reference t J  succeeding 
u p s ,  i . e , ,  t he  s i t u a t i o n s  were chosen before  t h e  r e s u l t s  were observed. 
The only r e a l  l i m i t a t i o n  on t h e  examples se l ec t ed  was t h a t  t h e  po in t  of 
o r i g i n  had t o  be so l oca t ed  t h a t  i t s  12-hour t r a j e c t o r y  Would end i n  t h e  

Cases were chosen from severa l  d i f f e ren t  
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United States .  However, a high percentage of comparatively s i w l e  i so-  
bar ic  pa t te rns  were selected because of t he  greater  ease in  construct- 
ing t r a j ec to r i e s .  

The 12-hourly poten t ia l  temperature char ts  show the  13-km. isobars (drawn 
f o r  evory 3 mb.) and i so l ines  of po ten t ia l  temperature (drawn f o r  every 
7') I In constructing the  t r a j ec to r i e s  an approximate gradient wind was 
used. (It was not the  t r u e  gradient wind because the  radius of curva- 
t u re  of t he  isobars was used instead of t he  radius of curvature of the  
t ra jectory.)  The t r a j ec to ry  was constructed along t h e  isobars (whether 
s t ra ight  o r  curved), and f o r  t he  first 6 hours, 3/4 weight was given t o  
the  vector computed f rom the  map of the  beginning of t he  period and 1/4 
weight t o  t h e  vec tm computed from the  map f o r  t he  end of t he  period. 
For the  second 6 hours t h i s  procedure was reversed. 
was constructed, t he  two maps were compared t o  see i f  the  results were 
reasonable. I n  many cases both maps indicated approximately the  same 
resu l t s .  There were, however, some cases where the  t r a j e c t o r i e s  differed 
widely. 
t r a j ec to ry  as f i n a l l y  constructed. 
j ec tor ies  was used a f t e r  t ry ing  several  others, including t h e  one des- 
cribed by Pettersser$a.  Most methods t r i e d  gave unreasonable results 
when t h e  t r a j ec to ry  was based on the  high wind speeds of ten encountered 
at 13 km. 

After  t he  t r a j ec to ry  

In these cases there  was probably considerable error i n  t h e  
This method of constructing the  t ra-  

Thirty-four t r a j ec to r i e s  were computed. 
the  same sign as the  ac tua l  temperature change; i n  eleven, they differed 
in  sign; and i n  three,  the  observed change was zero. 
cent of t he  cases t h e  observed change (excluding the  three  cases of zero 
change) and the  change computed by advection alone were of t he  same sign. 
However, t he  average error of t he  conxguted changes was 7.60. The average 
observed change was only 5.1'. 
have given less average error than the Iforecasts' based on advection alone. 

I n  20 the  computed change had 

Thus, i n  63 per- 

Thus, a forecast  of no change would 

There were several  possible errors i n  the  t r a j ec to r i e s .  The isobars may 
have been based on poor data or  may have been drawn poorly, so t h a t  an 
incorrect gradient wind may have been used. 
ra ther  than the  curvature of the  t ra jectory,  was used i n  computing the  
gradient wind. Winds at the  13-km. l e v e l  a re  quite strong, so t h a t  even 
a small percentage of e r ro r  i n  the  gradient wind could r e s u l t  i n  a la rge  
error i n  terms of miles. 
somewhat less than 100 miles per  hour, it i s  not unusual f o r  winds of 200 
miles per hour t o  be indicated by the  pressure gradient. 
not unusual f o r  the  gradient wind t o  d i f f e r  from the  geostrophic wind by 
as much as 50 miles per  hour. 
ing rapidly, it was quite d i f f i c u l t  t o  determine the  t ra jec tory .  
ever, i n  s p i t e  of these and other possible errors, the  t r a j e c t o r i e s  were 
probably more accurate than those t h a t  anyone could forecast ,  because 
the  maps fo r  both beginning and end of t he  period were used, whereas a 

The curvature of t he  isobars, 

Although t h e  winds at t h i s  l e v e l  probably average 

Also, it was 

When the  pa t te rn  of the  isobars was chang- 
How- 



-6- 

person making a forecast  would h a p  only the  map at the  becinning of t he  
period plus, possibly, a prognostic chart  which ord inar i ly  would not be 
exactly l i k e  the  m p  at the  end of t he  period. 
encounter a l l  of t he  other  d i f f i c u l t i e s  of constructing a t ra jec tory .  

While the  number of cases studied i s  not enoughto be used as a bas is  fo r  
de f in i t e  conclusions, t he  study convinced the  wr i te r  t h a t  the  poten t ia l  
temperature changes at 13  kilometers cannot be forecasted even approxi- 
mately by advection alone ( i f  by advection one mans t h a t  t he  temperature 
at one point can be moved ahead with the  speed and d i rec t ion  of t he  wind, 
and tha t  it will be observed at the  thus computed point on the  next map) 

The forecas te r  would a l so  

\ 

I n  the  twenty cases mentioned above, where the  signs of t he  coqu ted  and 
observed changes were the  same, t he  absolute value of t he  computed change 
was too large 75 percent of t h e  time. One explanation t h a t  may be given 
fo r  t h i s  concerns ve r t i ca l  motion, 

If 0 (poten t ia l  temperature) i s  d i f fe ren t ia ted  trith respect t o  time, 
and the  resu l t ing  equation i s  solved f o r  t he  l o c a l  change, we have: 

i s  the  change i n  poten t ia l  temperature with time a t  some point 
i n  the  f r ee  atmosphere, e,g, ,  at 1 3  kilometers over Washington. This 
change can be observed. ic 
t u re  of a p a r t i c l e  of a i r  as it moves through space. (V grad 0) is-the . 
product of the  horizontal  component of t he  wind veloci ty  and the  gradient 
of po ten t ia l  temperature. 
the  above experiment, is t he  product of the  v e r t i c a l  component 

i s  the  t o t a l  change i n  po ten t i a l  tempera- __ 
I a t  

This i s  the  quantity tha t  was computed i n  

of the  wind veloci ty  and the  r a t e  of change of po ten t ia l  temperature with 
height. This term was ignored i n  the  above experiment. 

If it i s  assumed tha t  a l l  changes i n  temperature a re  r e s u l t s  of adiabatic 
processes, then 
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I n  tha t  case 

1 E= -V . grad 8 -W - ae, 
a t  - az 
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c a s t s  were made from t h e  same series of\mZi)s-u December 1941 and January 
1942, but the  same days were not necessar i ly  used. 

From t h i s  vorlr it agpears inadvisable, then, t o  t r y  t o  forecast  f o r  one 
l e v e l  without considerily; the  other levels .  Instead of considering con- 
verGence and divergence f o r  the 13-la. l e v e l  only, all l e v e l s  should 
be considere(!, so that it may be possible t o  a r r ive  at a nore accurate 
ueaswei,ient 02 t h e  v e r t i c a l  notion result in;  from horizontal  divergence. 
‘Ilhile there  i s  no doubt t h a t  advection i s  i rqor tan t ,  2oor forecasts  of 
l 3 - h ~  chanLea vi11 r e s u l t  vlmn it i s  used alone. The i s o l i n e s  of 
p o t e n t i d  temi3era.ture usually lilove with the  wind, but not with the  
speed of t h e  vind. 
p e r a t w e  tend too move at abor-t the  same speed and usually i n  conjunc- 
t i o n  with the  surface pressure systems. 
things besides advection need t o  be considered, there  a r e  times when 
the i s o l i n e s  move a;ainst the  wind, and other t i n 1 3 8  when the  i s o l i n e s  
move i n t o  a region with, ap$!arently, no component of the  wind t o  move 
them there .  

Configurations i n  the  i s o l i n e s  of po ten t ia l  tem- 

To em1)hasize t h e  f a c t  t h a t  other 

COPRARISON OF CHANGES IN POTENTIAL TENP~,ATURE AT 13 KILOMETERS 
WITH CHANGES I N  TEME”IE’TU3E AND PRESSURE AT OTHER LEVELS 

In using the  13-km. p o t e n t i a l  temperature chart it i s  assumed t h a t  changes 
i n  p o t e n t i a l  temperature at t h a t  l e v e l  m e  quasi-representative of 
density changes i n  the  stratosphere.  
sphere a re  s i g i f i c a n t ,  the  chart  should be a valuable t o o l  f o r  forecast-  
ing tropospheric pressure chanGes. 
t o  the  p o t e n t i a l  temperature change were compted. P o t e n t i a l  temperature 
changes were cowared with (1) weight changes of t h e  colLxmn from 10-46 
kilometers, ( t e q e r a t u r e  changes at 3 kilameters, (3)  2ressure changes 
at 3 kilometers, and ( 4 )  pressure chsnges at t h e  e a r t h ’ s  surface. 

Thus, i f  chances in t h e  s t r a t o -  

Relationships of several  var iables  

To check, i n  part, the  assumption t h a t  chanGes i n  p o t e n t i a l  temperature 
at 13 kilometers a r e  representative of the  densi ty  chanLes i n  the  s t r a t o -  
sphere, tile former were conjared with the  weight chanees of the  column 
from lO--16 kilometers. 
p e s s u r e  between t h e  LO-and 16-im. l e v e l s  and was used r a t h e r  than mean 
density because of the  greater  convenience i n  Gathering data.  
dia&raii1 (Fig. 1) of the  two quant i t ies  w a s  plotted-. Most of  tile values 
Irere ~ r o ; y e d  alonc, a l i n e  on which 20 chanGe i n  p o t e n t i d  tenrperature 
corresponds t o  a l -mi l l ibar  change i n  wei&ht of the  opposite si@. 
inclLibd in  t h i s  G-iagrm TJere taken from the  uonths 02 September, October, 
Noveiber, December, and January, f o r  s t a t i o n s  d i s t r i b u t e d  between F a i r b d r s  

“Weight” i s  here used t o  m e a n  the  difference i n  

A s c a t t e r  

Data 

and i1j.m~. 
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Using data taken from 
sca t te r  diagrams were 

the months of October through March, two more 
plotted, i n  which changes i n  potent ia l  temperature 

were plot ted against changes in  temperature (cf.  Fig. 2) and pressure 
(cf. Fig. 3) at 3 kilometers. The data were taken from the records of 
eleven well-spaced s ta t ions in  the first case and fromtwelve s ta t ions 
i n  the second case. 

Dots i n  these diagrams were not a s  well grouped a8 the dots i n  Fig. 1. 
However, by inspection, regression l i nes  could be drawn through the 
center. 
as 1.8 T3  and 1.5 p3. 
enough f o r  th io  principler t o  be used i n  forecasting unless considerable 
judgment was exorcised i n  the use of it. 

These lines indicated tha t  potent ia l  temperature varies inversely 
The correlations of the variables were not high 

The data Tor the sca t te r  diagram of potent ia l  temperature change at 13 
kilometers, and the surface pressure changes (cf .  Fig. 4), were taken 
from the same ser ies  as those of the 3-km. temperature changes. The 
points are widely and i r re&iLarly scattered on t h i s  diagram. 

Where the surface pressure change was a s  much a s  8 mill ibars i n  24 hours, 
the potent ia l  temperature change was of opposite sign t o  the  surface 
pressure change about 70 percent of the t ime .  
centage of cases the change in  density below 10 kilometers en t i re ly  
accounted for this large surface pressure change, and, i n  addition, over- 
balanced a large change i n  density of the opposite sign i n  the s t ra to-  
sphere. There was a s l igh t ly  larger  percentage of cases i n  which the 
change in density i n  a l l  layers below 10 kilometers called for a surface 
pressure change of the opposite sign t o  tha t  of the large change tha t  
occurred, indicating that  the stratospheric effect  w a s  all-important i n  
these par t icular  cases. 

However, i n  a maXL per- 

I n  studying the above examples we becams interested i n  which layers 
contribute most t o  the surface pressure changes. 
change w a s  computed fo r  each OL’ the  following layers: 
3--6 km., 6--10 km., and above 10 km. 
periods were compiled f o r  every other day fo r  all available raob 
s ta t ions i n  the United States and ..laska fo r  December 1941. 
were as follows: 

The average weight 
surface-3 lun., 

The weight changes fo r  12-hour 

The resu l t s  
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Layer 

0--3 km. 
3--6 
6-40 
above 10 

Average 12-hr. weight 
change i n  mill ibars 

2.5 
1.9 
0.6 
3.1 

This indicated that  s l igh t ly  more than half of the change took place above 
6 kilomsters. 
meters had, on the average, very small changes. This agrees with the idea 
of a layer of quasi-constant density near 3 kilometers. 
average change in  t h i s  layer was small there were occasionally cases of 
comparatively large changes. 

These resu l t s  amee well with previous studies made by Haurwitz 131 of 
soundings at Boston, and by Penner [4] of soundings a t  Sault Ste. Marie. 
Haurwitz analyzed 25 pa i r s  of soundings with surface pressure variations 
greater than or  equal t o  10 millibars. He used a method developed by 
Rossby [5> , Er te l  and Szan-zsi L i  [6jl fo r  determining the advective changes 
of mass within each layer. 
the layers near the earth and near the tropopause. 
near 7 kilometerseand above 12 kilometers. 

For the ser ies  studied, the layer between 6 and 10 kilo- 

Although the 

He found the greatest advsctive changes t o  be i n  
There was a minimum 

Penner considered the weight changes i n  the layers 0 - 4  km., 4-43 km. 
8--12 krn., and above 13 km. 
km. layer and the leas t  i n  tha 4--8 km. layer. 

He found the  rea ate st changes i n  the O--k 

Compensation Between dratosphere and Troposphere 

To a id  i n  studying the re la t ive  effect8 of changes of a i r  massos i n  the 
stratosphere and troposphere, compensation charts were constructed. The 
compensation chart was designed t o  show the percentage of the effect  of a i r  
mass changes above 10 kilometers tha t  i s  compensated by a i r  mass changes 
between 3 and 10 kilometers. I'vlultiplying by 
change is  reduced t o  what the change should be at 3 kilometers i f  there were 
no change i n  the mean temperature between 3 and 10 kilometers. 
reduced pressure change i s  called "R", then 

, the 10-lun. pressure 

If t h i s  
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I s o l i n e s  a r e  drawn f o r  t h e  var ious  percentage values ,  and t h e  c h a r t  is 
div ided  i n t o  t h r e e  areas: 
where t h e  e f f e c t  on p3 of changes i n  t h e  mass of air above 10 ki lometers  
i s  more than  compensated by changes i n  temperature  between 3 and 10 
k i lometers ;  (B)  where t h e  percentage is between 0 and 100, i .e. ,  where 
t h e  e f f e c t  on p3 by changes i n  t h e  mass of a i r  above 10 k i lometers  i s  
p a r t i a l l y  compensated by changes i n  temperature  between 3 and 10 k i l o -  
meters ;  and ( C )  where t h e  percentage i s  less than  zero,  i . e . ,  where t h e  
e f f e c t  on p of changes i n  t h e  mass of air above 10 k i lometers  and of 
temperature  changes between 3 and 10 ki lometers  a r e  of t h e  same s ign .  

( A )  where t h e  percentage i s  more than  100, i . e . ,  

3 

I n  choosing t h e  10-lan. l e v e l  for g e t t i n g  t h e  "reduced" pressure  change, I t  
w a s  assumed t h a t  t h e  l e v e l  would be i n  t h e  t roposphere,  bu t  on ly  a s h o r t  
d i s t a n c e  below t h e  tropopause,  s o  t h a t  changes i n  leeks<rG-(at  10 k i lo -  
meters  would be r e p r e s e n t a t i v e  of d e n s i t y  changes i n  t h e  s t r a tosphe re .  If  
t h e  t ropopause were high, t h e  c h a r t  would probably no t  be as use fu l .  A s  a 
p a r t i a l  check on t h i s  assumption and a l s o  on t h e  assumption t h a t  t h e  
changes i n  p o t e n t i a l  temperature  are r e p r e s e n t a t i v e  of d e n s i t y  changes i n  
t h e  s t r a tosphe re ,  t h e  V e r i f i c a t i o n  Sec t ion  computed some c o r r e l a t i o n s .  
Data f o r  t h e  c o r r e l a t i o n s  were taken from t h e  maps of October 1941 through 
March 1942. The d a t a  were taken s i x  times each month, s o  f o r  each s t a t i o n  
t h e r e  were 36 s e t s  of data .  The c o r r e l a t i o n s  a r e  as fo l lows:  

S t a t  i on 

Bismarck 
IJ i  ami 
Mashing t on 
P o r t  land 
Fairbanks 
Buffa lo  
S t .  Louis 
Spokane 
Oakland 
Denver 

(he, HT) 
- -67  
- 07 -. 77 
- .73 '. 77 
- .82 
-.go 
- .83 
- 69 
-.53 

- .32 
- a  04 
- 03 
- 08 
- e 4 6  
- .5.1 
- 14 
- .22  
- 08 
- . 2 1  

.18 

. 2 1  

.07 

.19 

.49 

.50 

.04 

.31 

.06 
- -03  

HT 

10.6 

11.8 
10.4 

0.7 
10.5 
11.6 
10.6 
11.8 
11.2 

15. a 
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HT is the  average he ight  of t he  tropopause i n  kilometers,  
i n  p o t e n t i a l  temperature,  and 
meters. 

i s  t h e  change 
i s  t h e  change i n  pressure  a t  10 k i l o -  

The c o r r e l a t i o n s  of p o t e n t i a l  temperature changes w i t h  10-lan. pressure  
changes are reasonably high negat ive  values  f o r  a l l  s t a t i o n s  except Miami .  
M i a m i  is t h e  only s t a t i o n  whose tropopause he igh t  averaged above 13 k i lo -  
meters f o r  t h e  s e r i e s .  This  may account f o r  t h e  low co r re l a t ion ,  and it 
may be tha t ,  due t o  the  smaller changes at M i a m i ,  ins t rumenta l  e r r o r s  
were a l a r g e  f a c t o r  i n  t h e  l a c k  of co r re l a t ion .  The negat ive c o r r e l a t i o n s  
between p o t e n t i a l  temperature and H!I' were never la rge ,  but  t h e  lower t h e  
average h e i g h t  of t h e  tropopause, the  higher w a s  t h e  c o r r e l a t i o n  (Port land 
was t h e  major exception t o  t h i s  s ta tement) .  

The compensation c h a r t s  i n d i c a t e  t h a t  changes of maSR i n  t h e  s t r a tosphe re  
are usua l ly  g r e a t e r  t han  t h e  changes i n  t h a t  por t ion  of t h e  troposphere 
between 3 and 10 ki lometers .  There a r e  many exceptions t o  t h i s ,  however. 
O f  t h e  t h r e e  areas previously mentioned, a r e a  C (where t h e  s t r a tosphe re  
and t h e  por t ion  of t h e  troposphere between 3 and 10 ki lometers  work i n  
conjunct ion)  occupies only 5 percent  of t h e  cha r t s ,  on t h e  average. 
a r e a  r a r e l y  has any l a rge  3-kilometer pressure  changes i n  it. It seems 
t h a t  u s u a l l y  when changes of mas8 i n  t h e  s t r a tosphe re  and i n  t h e  middle 
and upper por t ions  of t h e  troposphere are of t h e  same s ign ,  nothing very  
important i s  t ak ing  place.  Area B (where changes of mass i n  t h e  s t r a t o s -  
phere a r e  p a r t i a l l - y  compensated by t h e  changes i n  t h e  t roposphere)  covers 
74 percent  of t h e  cha r t s ,  on t h e  average. Area A (where changes of mass 
i n  t h e  s t r a t o s p h e r e  a r e  completely compensated by changes i n  t h e  t ropos-  
phere)  covers  2 1  percent  of t h e  cha r t s ,  on t h e  average. A number of t h e  
changes t h a t  t ake  p lace  i n  t h i s  a r e a  a r e  la rge .  
t h e  a r e a  covers  only an average of about 1/5 of t h e  cha r t s ,  it is  very  
important.  

This  

I n  s p i t e  of t h e  f a c t  tha t  

With 3- ki lometzr  24-hour changes l a r g e r  than  8 mi l l i ba r s ,  t h e  percentage 
of Compensation averages about 50; it may be almost any value,  bu t  t h e  
preponderance of percentages is between 30 and 70. 
of 'compensation may accompany 24-hour su r face  changes g r e a t e r  than 10 
m i l l i b a r s .  
concerning t h e  importance of t h e  weight changes below 3 kilometers.  
These changes would no t  a f f e c t  t h e  percentage computed f o r  t h e  compensa- 
t i o n  charts, s i n c e  t h e  l a t t e r  concern t h e  l aye r s  from 3--10 kilometers 
and above 10 kilometers.  

Almost any percentage 

This  would be  expected from t h e  f i g u r e s  previously given 
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RELATIONSHIPS CONCERNING 3-KILOmTER CHARTS 

Seve ra l  r e l a t ionsh ips  concerning t h e  changes i n  temperature and pressure  
a t  3 kilometers,  with each o ther  and with  other  quan t i t i e s ,  were corn- 
puted. 
been mentioned. 

The ones with t h e  changes i n  p o t e n t i a l  temperature have a l r eady  

~n t h e  S p e c i a l  Forecast  Sect ion much use i s  made of t h e  evident  f a c t  
t h a t  t h e  temperature and pressure a t  3 kilometers tend t o  change wi th  
t h e  same s ign  and same magnitude under c e r t a i n  s i t u a t i o n s .  
what ex ten t  t h i s  r e l a t i o n  holds,  da t a  were t abu la t ed  f o r  a l l  United S t a t e s  
and Alaskan raob s t a t i o n s  s i x  times a month f o r  t h e  months of October 1941 
through A p r i l  1942. 

t h e  mean v i r t u a l  temperature between thd  su r face  and 3 kilometers.  
example, i f  a t  a c e r t a i n  t i m e  t h e  1%- and '14-hour changes of p, T, and 
T,, a t  Washington were: 

To f i n d  t o  

The fol lowing a lgebra ic  d i f fe rences  were tabula ted :  
. where/AT- - AT ; Ap - AT "is t h e  change i n  

For 
A P x -  - . q; - -  AT,V _ _  3 - my'  _mv 

12 - hour change 24-hour change 

+6 

+5 

+7 

t h e  d i f fe rences .  t abu la t ed  would be  as fol lows:  

1 2  - hour c hang e 

+I 

t2 

-1 

+ 12 

t 6  

+ 8  

Z 4 - hour change 

+6 

+i: 

+4 

The percentage of cases  where t h e  absolu te  values of t h e  a lgebra ic  
d i f f e rences  f e l l  wi th in  var ious numerical limits a r e  as fo l lows:  
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12-hour changes 24-hour changes 

0--2km 3--5km 5km 0--2km 3 - - 5 h  5km 

4 8% 3 L$ 

5 6  33 11 49 31 
- -  

It is  i n t e r e s t i n g  t o  note  t h a t  t h e  pressure  changes at 3 kilometers agr,oe 
w i t h  t h e  temperature changes a t  3 kilometers,  and wi th  t h e  mean v i r t u a l  
temperature changes between t h e  sur face  and 3 kilometers almost equal ly  
wel l .  

The f a c t  t h a t  t h e  12-hour changes g ive  b e t t e r  r e s u l t s  than  t h e  14-hour 
changes can probably be explained i n  two ways. 
a r e  usua l ly  smaller than t h e  24-hour changes S O  t h e r e  would n a t u r a l l y  
be  l e s s  d i f f e rence  between them. 
d i u r n a l  changes, which, a t  3 kilometers,  a r e  usua l ly  of about t h e  Same 
magnitude and s i g n  fo r  both pressure and temperature. 

( a )  The 12-hour changes 

(b) The 12-hour changes a r e  p a r t l y  

From t h e  above r e s u l t s  it should be c l e a r  t h a t  t h e  r e l a t i o n s h i p  between 
t h e  preseure and temperature changes a t  3 kilometers is r i g i d  enough 
t h a t  it can be  q u i t e  u s e f u l  t o  t h e  fo recas t e r ,  but it i s  not  r i g i d  
enough t h a t  it can be used b l ind ly .  
t h e  use  of t h i s  r e l a t i o n s h i p  e spec ia l ly  when t h e  changes a r e  large.  When 
t h e  12-hour changes a r e  observed on t h e  west s i d e  of a trough or  a r idge ,  
t hey  are more l i k e l y  t o  be of opposi te  s ign  than when they  are i n  t h e  
cen te r  of a trough or r i d g e  or  t o  t h e  eas t  of it. 
be more nea r ly  t r u e  when t h e  i sobars  a t  3 kilometers resemble a s i n e  
wave. 
r i dges  and troughs found on t h e  3-km. maps i n  t h e  eas te rn  
t h e  United S t a t e s  f o r  December 1941 and January 1942. The percentages 
r e f e r  t o  t h e  proportion of cases  i n  which t h e  pressure and temrerature  
changes were of t h e  same s ign .  

There a r e  numerous except ions.  to 

This i s  bel ieved t o  

The following a r e  t h e  r e s u l t s  of tabula t ions  made from a l l  d e f i n i t e  
Fort ion of 

Ridge Trough 

West Center East West Center East  

Dec. 1941 

Jan. 1942 

5 0% 69% 79% 67% 80% 77% 

7 0% 86$ 06$ 61% 84% 
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I n  both monthe t h e  percentage w a s  somewhat higher f o r  t h e  c e n t r a l  and 
eastern portions of both t h e  ridges and troughs than for t h e  western por- 
t ion .  

On t h e  compensation char t s  i n  Areas A and C t h e  mean v i r t u a l  temperature 
change i n  the layer between 3 and 10 kilometers must  of necessity be 
opposite i n  s ign t o  the  3-km. pressure change; and i n  Area B the  mean 
v i r t u a l  temperature change should be the  same i n  sign a8 the 3-km. pres- 
sure  change. Temperature changes a t  3 kilometers were compared with 
t h e  pressure changes at the  same l e v e l  t o  see If the  temperature change6 
a t  3 kilometers were representative of the temperature change6 i n  t h e  
e n t i r e  layer between 3 and 10 kilometers. 
following table. The percentages r e f e r  t o  t h e  proportion of cases i n  
which the  temperature and presaure changes were of the  same sign. If 
t h e  3-km. temperature changes were representative of the  mean tempera- 
t u r e  change between 3 and 10 kilometers a t  a l l  times, the  percentages 
would be 100% for t h e  Area B, and 0% f o r  Area6 A and C. 

Area A Area 3 Area c 

Resu l t s  a re$om$LeGin  t h e  

Dec. 1941 235 5% 

Jan. 1942 32 04 57 
The high percentages reported i n  Area C are  not par t icu lar ly  disturbing 
since,  as previously noted, t h e  change6 in Area C a r e  r e l a t i v e l y  small, 
and t h e  f a c t  t h a t  a change is Of the  wrong sign does not necessar i ly  mean 
t h a t  there  was much difference i n  t h e  ac tua l  magnitude of the  changes. 
The percentages i n  Aroa A indicate  t h a t  s ign i f icant  changes frequently 
occur i n  which t h e  3-km. temperature change i s  not representative of the  
change i n  t h e  3--10-km. layer. 

The r e s u l t s  reported In t h i s  Paper a r e  based on preliminary analyses, I n  
many cases the  types of analyses are experimental and subject t o  revieion 
a f t e r  more data  have been examined and t h e  preliminary r e s u l t s  studied i n  
grea te r  d e t a i l ,  
l imited series of data, and the  r e s u l t s  W i l l  probably be modified a f t e r  
more data  have been studied. 

Several of the relat ionships  reported a re  b a e d  on a 
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CONCLUSIONS 

1. S t a t i c  analyses of presflure data can be used t o  make a simple check 
on constant l e v e l  data, and a l so  t o  determine the  changes i n  mean 
v i r t u a l  temperature between the  d i f fe ren t  levels.  

2. Attempts t o  forecast  changes i n  poten t ia l  temperature at 13 kilo- 
meters by advection alone were unsuccessful. The average error  w a s  
g rea te r  than It would have been i f  "no change" had been forecast  
each time. The isol ines  of po ten t ia l  temperature usually move i n  
t h e  saEe direct ion as t h e  wind, but with lese  speed. 

3. a. There i s  a high negative Icorr-elation between the  changes i n  
poten t ia l  temperature a t  13 kilometers and the weight changes i n  
t h e  layer between 10 and 16 kilometers. 

b. There is  a high negative correlat ion between the  changes i n  
poten t ia l  temperature a t  13 kllometers and changes i n  presaure a t  
10 kilometers. 

c. There a r e  smaller negative correlat ions between the  changes i n  
poten t ia l  temperature a t  13 kilometers, and the  changes i n  tempera- 
t u r e  and pressure a t  3 kilometers. 

d. There is  very l i t t l e  correlat ion between the  change i n  poten t ia l  
temperature a t  13 kilometers and t h e  change i n  pressure a t  the  
surface during t h e  same time period. 

4. If t h e  atmosphere is divided i n t o  four layers, 0--3 kilometers; 3--6 
kilometers; &-LO kilometers; and 10 kilometers t o  the  top; t h e  
layer above 10 kilometers contributes most t o  the  surface pressure 
changes, but t h e  layer next t o  t h e  ear th ' s  surface contributes almost 
as much. 

5. If t h e  weather map were divided i n t o  two areas, (1) where the s t r a t o -  
sphere dominates t h e  3-lan. pressure changes, and (2) where t h e  tropo- 
sphere dominates the 3-km. pressure changes, the  f i r s t  area would 
cover about 74$ of the  average map. 

6. a. I n  t h e  majority of cases t h e  pressure and temperature changes a t  
3 kilometers and the  mean v i r t u a l  temperature changes between the  
surface and 3 kilometers agree qui te  wel l  i n  s ign and value when 
pressure is measured i n  mil l ibars  and temperature i n  " C ) .  

b. I n  78$ of t h e  ca8e8 studied the  temperature changes a t  3 kilometers 
were of t h e  same sign as the  temperature changes i n  t h e  layer 
between 3 and 10 kilometers. 
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Fig. 1.--Changes i n  weight (ab.) between 10-16 b. plot ted acainst 
changes in  potent ia l  temperature (deg. A.j at 13 km. 
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Fig. 3.--Changes i n  potent ia l  temperature (deg;. A.) a t  
against changes i n  pressure (mb.) a t  3 km. 




