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Preface

Air Weather Service (AWS) requested that USAFETAC
inves tigate the feasibility of using a s~jrp1er model of
the wa ter—vapor profile above the —40 C temperature
leve l in the A WS point-analysis program. This report
presents the results of that inves tiqation .

In the event that this report is incorporated into
another report by the requestor or any other agency,
request tha t USAFETAC be given credit and furnished a
copy of the new report when such dissemination is not
prohibited .

USAFETAC prepared this report to documen t the re-
sul ts of a specific study. Further auestions on this or
related problems should be referred to USAFETAC for con-
sulta tion and study.

The au thor gratefully acknowled ges the contributions
to the work reported herein made by Major Thomas Stanton
and Capt Harry Henderson. Their work on the MOD2 and
the regression equations , respectively, was done prior
to their departure from OSAFETAC in 1975.
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fIN i.VA1 UfITJ (~r~ OF SEVI- }’AL MODEL~ FOR DESCRINNC
‘IHL A1MOS PIIERI~ WATER—VAPO R PROF ILE AI~OV F. THE

—4 0 C l L ~1P E R A TURF’  L E V E L

l n t r  c O u ct  ion

Li~~r i of the A it i-.c-~~th ’ r Service (A p o i n t — a n a l y s i s  p r o g r a r ’  require reliable
Is at L’ t —v~ p~ r pro t ile s frw the s u r f a c e to the l ower stratosphere. However , conve r—
t i o n a l  r a o i o s~~nde o a t a  oo rt~~t produce reliable humidity m e a s u r e l r e n t s  in  the region
d O L V I  t h e  —4 0 C tc.-n .peratu re 1 ’vel. ln 1’~75, USAFE’IAC performed an analysis of Naval
hi. seatcb L abor i t c i y (NKL) frost—point measurement s and frost th u ana1ysi~ con—
structeo a regression model t, describe the water— vapor profile above the —4 0 C
temper ature level. ‘[he rc~.u1ts of this analys is and modelinq effort , repor ted on in
L~SA FE1A C R ep o r t  Li b 4 1 4 1 , were enco uraging. Based on these results , par t i c u l a r l y
those of the tran smis sivity analysis , customers reco mmended (1) that AWS incorporate
the new model into the operational poin t—analysis computer code. tiowever, before
doing this , AWS asked USAFETAC to investigate the simplification of the model. This
re~ or t contains the ri- suits ot that investi ga tion and updates USAFETAC Report
eo35 IS) . An error analysis Compares the results from each of the models with tl~c
NRL frost—point soundinqs used as ‘groun d truth. ”

t.oox fic~i tion of the New Model

‘[he new model reported on in Report 7584 14) used a linear-regress ion techniqce
to estimate the frost points at the tropopause (TFOOKM) , at 1 km above anc below thc
tropopause (‘IEPLE l and rFMNS1 ) , and at 2 kit above and below the tropopause (IFPLS2
and TFMNS2) . The model also used a regression estimate of the height of the ‘yqrO—
paus e (i~t’lX~ X) and established frost—point values that yielded mixing ratios of
3 pprr at the hygropause (as defined in USAF FIAC Report 7584 (4]) and 0.5 kT above
the h~~~ropause. \~ese estima ted frost points , together with the ?,bservec fros t
poin ts at the —4u C temperature level and at 0.5 km below the —40 C temperature
l eve l , were then used in an A itken— Lagrange interpolation scheme to calculate the
frost poin ts at 0.5 kr intermedia te intervals. The predictors for the regression
estimates of the frost points at the five levels at and about the tropopause
in c lu c e c :

a .  I [  — ( V a r i a b l e  No. 2) the frost points at that leve~ estima ted from t~.e nineobserved frost Foints at 0.5 km intervals down from the —40 C temperature level,

s. DEI’IAU — (Variable No. 3) the distance between the tropopause and the —40°C
temperature level,

c. C1A — (Variable No. 4) the ave ’rage lapse rate ir  the first kilometer above
the tropopause ( C/ks)

d. C3A 
~ 

(Variable No. 5) the average lapse rate in the first 3 km above the
tropopause ( C/ks)

e. 010 — (Variable No. 6) the average lapse rate in  the first kilometer below
the tropopause ( C/ks)

1. C3~ (Variable No. 7) the average lapse rate in the first 3 km be l ow the
t r o p op a u s e  ( C/k s )

g. T — (Variable No. 8) t h e  t e m p e r a t u r e  at the particular level

h. P — (Variable No. 9) the pressure at the particular level (mb ), and

i. ALGCL — (Var iat,-le No. 10) the natural logarithm of pressure.

‘If- c v ar iable A I .00L  accounted for most of the reduction of variance in the frost-
poi nt estjn’ates (see lables 9 throuqh 13 in Report 7584 [4)). The larse rates for
the first kilometer above and below the tropopause and for the fir st 3 ~n below t t ~
t ro )p auSe and the tenpe rature at the particular level collective ly served to reduce
the variance of tOo fro s t— v oint estimates another 5 to 20 percent. Conseouent ly, it
ap,~eareo that cropping the other predictors from the regression equation~ wo u ld pro b-
ably not significantly affect the performance of the model. Furthermore, since the
hygro pause generally occurred about 1 km above the tropopause , i t appeared that we
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could as ign a fixed v,ulue ( )  k i t )  to i t  and e L i m i n a t e  t h e  need to ~ s t i i t a t e  t h e  h yqr o -

~~~~~ h~~i q t t t  a n t  the~ f r o s t  ) ‘otIu t s ,i t 1 and ~ k m  ahOV ( t h e  t ropopause . TrPIKM ~ nd
1 F P 2 h ( M , r e~;p e c t i v e 1 y.  ‘Ihu s , t h e  streamlined version (hereatter re ferred to as
M U L ) l A )  of the new model reported on in Report 7584 ( 4 J  ( h e r e a f t e r  r e f e r r e d  to  as
NOEl) requ i r e s  regression estimates of only the frost point at the tropopause
(IFCOKM), and it 1 and 2 km below the tropopause , IF~~lKM and TFM2I(M , respec tively.
rre oic tors for these predictands are as follows:

a. for 1 FOOKM: G1A , G113 , G3B , T, ALCGP .

b. for TFN1KM: G3B, T , P.LOGP.

c. f o r  1Ft ’ 2~< M :  T.

The results of the regression analysis appear in Tables 3 through 5. An explana-
tion of these tables along with the correlation matrices appears in Report 7584 (4).
The v~~r i a b 1e  n u m b e r s  r e f e r r e d  to in Tab les  3— 5 in t h i s  r e p o r t  and in Tables  9—13 in
R e p o r t  75 84 14) r e f e r  to the  p r e d i c t o r s , each a s s i g n e d  a v a r i a b l e  n u m b e r ,  as g i v e n
in the  l i s t  a .  through i. on page 1. The r e g r e s s i o n  e q u a t i o n s  used in WO Ol and
t’~OD1A take the form

y = RI + AxTF + BXDELTAH + C~GlA + DcG3A + E~ GlB (1)
+ F~G3B + G ’ . + If-< P + I><ALOGP

where y is the predictand , RI is the in te r c e p t v a l u e , and A thru I are the co-
efficien ts for the predictors. The predictor s are defined above. Table 6 gives the
in tercept values and the coefficients for the predictors for each predictand used in
NOUl and MOL1A .

A New M ixin g—Ra tio Model

‘[he current effort included an evaluation of a simple mixing—ra tio model. This
mo del , codec by Maj Thomas E. Stanton in 1975 , bu t not reported on in Report 7584
(4), used the regression estimates for the tropopause frost point and the 3 ppm val-
ue for the mixing ratio at the hygropause, the heig h t of which is also estimated
from regression as in the models described above. From these values , mixing ra ti8s
are in terpolated logarithmically in pressure between the tropopause and the —40 C
temperature level, and be tween the tropopause and the hygropause. A second version
of this model uses a fixed value of the hygropause hei gh t of 1 km above the tropo—
pause as in model MODIA described above . These mixing—ratio models are hereafter
referred to as MOD2 and MOD2A , respec tively.

c~~~~~~ on of Pe r f o r m a n c e  of t h e  Models

T h i s  s e c t i o n  d e s c r i b e s  the  p e r f o r m a n c e  of s i x  w a t e r — v a p o r  mode l s .  R e p o r t
7584 ( 4 )  d e s c r i b e d  the  development of one of these , i .e., MOD1 , wh ile this report
descr ibes  t h e  s i m p l i f i c a t i o n  of t h a t  m o d e l ,  i . e . ,  MOD 1A , in a d d i t i o n  to two o t h e r
mode l s , i . e . ,  M OD2 and M O D 2 A .  The f o l l o w i n g  s u m m a r i z e s  the  s a l i e n t  c h a r a c t e r i s t i c s
of t n e  s i x  mode l s :

a .  M i x i n g  r a t i o  — t h e  o r i g i n a l  moisture model used in the  p o i n t  a n a l y s i s  pro-
g r a m .  l O i s  mode l  i n t e r p o l a t e s  l o g a r i t h m i c a l l y  i8 pressure between the 2 ppm c i x i ng
r a t i o  at  l 5 u  mb and the  obse rved  v a l u e  a t  t h e  — 4 0  C t e m p e r a t u r e  l e v e l .

h .  F r o s t — p o i n t  d e p r e s s i o n  — the  model c u r r e n t l y  emp loyed  in the point—anal ysis
program . Thi s model  i n t e r p o l a t e s  l o g a r i t h m i c a l l y  in  p r e s s u r e  be tween  the f r o s t —
poin t depression correspondinq to a mixing r~~t io of 2 ppm a t the 150 mb level and
the frost—point depression observed at the —40 C temperature level.

C . WOOl — the model described in Report 7584 (41 . This model user regression
estimates of the frost point at five levels , the tropopause and I and 2 km above and
f-d ow the tropopause, and a regression estimate of the hygropause heigh t. The reqres—
sion es timates use nine predictors, one of which is a regression estimate at the
ftos t p~~in t at that level, estimated from nine observed frost points at and below
the —40 C temperature level. An Aitken—Lagran ci e interpolation scheme ‘tills ” in the
fros t points at 0.5 km intervals.

d. MOG 1ti — similar to WOOl , excep t recression estimates of frost points are
done at only three levels (tropopause , 1 and 2 kit below tropopause ) and only five
predictors are used for the tropopause fros t point , three for TFMIKM , and one fo r
T FM2KM . No frost points are used as predictors.

2
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e. ~. OL 2  — a s i m p l e  mod e l , using the same r e g r e s s i o n  e s t i m a t e s  f o r  t h e  f r o s t
p o d i t  a t  the  t r o p o p a u s e  and f o r  the  h y q r o p a use  he i g h t as used in  W O O l .  M i x i n g
r a t i o s  a r e  i n t e r p o l a t e d  l o g a r i t h mi c a l l y  in p r e s s u r e  b e t w e e n  a v a l u e  of 3 ppm a t  t h e
h y g r op a u s e  ano the  v a l u e  e s t i m a t e d  a ,~ the  t r o p o p a u s e  and  be tween  t h e  t r opopauSe  v a l —
ue and t h e  o b s e r v e d  v a l u e  a t  the  — 4 0  C t e m p e r a t u r e  l e v e l .

t .  M O U 2 A — same as M002 except  i t  uses t h e  r e g r e s s i o n  e s t i m a t e  of t h e  f r o s t
p o i n t  as done in MO U1 A.  H y g r o p a u s e  f i x e d  a t  1 km above t h e  t r o p o p a u s e .

Two m e t h o d s  w e r e  used to compare  the  p e r f o r m a n c e  of the  s i x  mode l s .  T h e  f i r s t
m e t h o d  used t h e  c u m u l a t i ve  p r e cip i~~a ble  w a t e r  in a v e r t i c a l  c o l u m n  f r o m  10 km above
the  t r o p o pau s e  d o w n w a r d  to the  — 4 0  C t e m p e r a t u r e  l e v e l .  The second method used the
transmi ssivity in the 2.95 pm band in a s l a n t  p a t h , i . e . ,  z e n i t h  a n g l e  of 80 , f r o m .
lou km to the — 40°C temperature level. Two sets of data served as the references
for these model comparisons. The first set consisted of the 101 NRL frost—point
Soundings , taken in 1964—1 973, used to develop the regression coefficients , i.e. ,
the dependent data set. ‘ihe second set , serving as an independen t data set , con-
sis ted of 14 N}.L soundings taken during 1974—1976. Report 7584 (4) contains details
of the instrumentation used to obtain the frost—point soundings as well as the
da tes/times of the observations. The dates/times of the independent data appear in
Table 1 of this report , while Table 2 summarizes these data by tropopause pressure.

The results of the model comparisons for cumulative precipita~ 1e water in a vert-
ical column from 10 kit. above the tropopause downward to the —40 C temperature level
appears in Figures 1 thru 4 and in Tables 7 and 8. Results for dependent and m dc—
penoent NRL frost point data, i.e., “ground truth ,’ appear separately. Figures 1
ano 2 show the average error , c , in cumulative precipitable wa ter as a function of
al titude for the dependent and independent data, respectively , where

~~(percent) = ( 2 )
and 1=1

E 1( p e rc e n t)  = 100(Wm
_W
o)/Wo (3)

Here  is the  p e r c e n t a q e  e r r o r  in the  c u m u l a t i v e  p r e c i p i t a b l e  w a t e r  a t  a a i v e n
~e 1gh t , N m ic  t h e  modeled  v a l u e  of the  c u m u l a t i v e  p r e c i pit a b l e  w a t e r ,  in the  v e r t i -
cal  c o l u m n  f r o m  10 km above the  t r opopause  to the  g i v e n  h e i g h t ,  and W 0 is t h e  c u m u —
l at i v e  p r e c i p i t a b l e  w a t e r  in the same co lumn ca l cu l a t ed  f r o m  the N RL observed  d a t a .
A l s o  snown on these  f ig u r e s  is the s t a n d a r d  d e v i a t i o n  of the  p e r c e n t a g e  e r r o r  a t
se l ec ted  l e v e l s  and the t o t a l  n u m b e r  of s o u n d i n g s  used a t  each l eve l .  The l a t t e r
decreases  w i t h  d e c r e a s i ng  h e i g h t  s ince  a s o u n d i n g  ~~s not  i n c l u d e d  at  a g i v e n  l e v e l
i f  i t s  t e m p e r a t u r e  a t  t h a t  leve l is w a r m e r t h a n  — 4 0  C .

(For e x a m p l e , in  Fi g u r e  1 we see t h a t  the n u m b e r  of s o u n d i n g s  used in
c o r r [ a r i s o n s  d e c r e a s e d  f r o m  t h e  n - a x i n . u ;r  a v j i l e ~~le  of l o ]  l e v e l s  a t  h e i c~~ts
L i che r toan 3 km above the  t r o p o p au s e  t~ only nine at 5 kir ~e1cw the tro—
.op~~us e . ‘ if - i s  s impl y r e f l e c t s  t h e  f a c t  t h a t  f o r  a l l  of the  s o u n d i n g s  the
— 4 0  C t e m p e r a t u r e  l eve l  o c c u r r e d  a t  he i gh~~s 3 km above the  t r o p o p a use
o~ less b u t  t h a t  f o r  n i n e  s o u nd i n g s  the  —40  C t e m p e r a t u r e  l eve l  was m o r e
t h a n  S k it- be low the  t r o p o p a u s e. )

Th e  m e a n  e r r o r , ~~~, in t h e  s t r a t o s p h e r e  r e s u l t s  f r o m  the  choice  of the  v a l u e  i’~~ed f o r
the  c o n s t a n t  m i x i n g  r a t i o  and could  be r e d u c e d  to n e a r  zero  by choos ing  2 . 7  ppm
r a t h e r  t h a n  3 ppm as used in  the  f o u r  new models  or t h e  v a l u e  of 2 ppm used i n  t h e
two  old mood s. Be low t h e  t r o p o pa u s e  t h e  f o u r  new m o d e l s  a l l  show r e l a t i v e l y  s m a l l
e r r o r s  in t h e  mean  f o r  the  f i r s t  f e w  k i l o m e t e r s  be low the  t r o p o p a u s e .  However , f o r
those  cases  w h e r e  t h e  — 4 0  C t e m p e r a t u r e  level  is more  t h a n  3 km be low t h e  t r o p o —
p a u s e ,  t h e  new m o d e l s  t e n d  to o v e r e s t i m a t e  t h e  w a t e r  v a p o r .

F i g u r e t  I and 2 show how t h e  mean e r r o r  v a r i e s  w i t h  the  d i s t a n c e  f r o m  th~ t r o p o —
pause , w h i l e  Tab les  7 and 8 show some s t a t i s t i c s  of the  e r r o r  a t  t h e  -40  C temp-
era ture level, the base 01. the modeled region . In these tables the column thickness
varies ~ir~~ - the height of the —40 C temperature leve l varies relative to the
t r o p o p a u s e .  The o n e — t a i l e d  S t u d e n t — f  t e st  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  a t  t h e
u . 0 5  l e v e l  b e t w e e n  t h e  m e a n s  of t he  f o u r  new mode l s , b u t  t h e  d i f f e r e n c e  in  t~~ ‘peans
h e t w e en  a n y  one of t h e  new m o d e l s  and each of t h e  two old mode l s , i . e . ,  t h e  m i x i n a —
r a t i o  and f r o s t — p o i n t  d e p re s s i o n  m o d e l s , was s i g n i f i c a n t  a t  t h e  0 . 0 5  l e v e l .  F i a —
u r e s  3 and 4 show ~~he d i s t r i b u t i o n s  of these  e r r o r s  in the  c u m u l a t i v e  p r e ci p i t a b l e
w a t e r  a t  t h e  — 4 0  C t e m p e r a t u r e  leve l f o r  t h e  dependen t  and i n d e p e n d e n t  d a t a ,
r e s p e c t i v e l y .
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The results of the model comparison s, using as the criterion the e~ ror in tra ns—
m issiv i ty in the 2.95 pm band along a slant path (zenith angle of 80 ) ,  appear in
T a b l e s  ~i thru 12. Details of t h e  method  used to c a l c u l a t e  t h e  t r a n se i s s iv i t y  a p p e a r
in Repor t 7 584A (31 . The use of transmiss ivjties constitutes a more  m e a n i n q f u l  corn—
parison for the custome r than a comparison of precipitab le w a t e r  s i n c e  t r a n s m i s s i v —
ity relates directly to system performance. The one—tailed Student’-t test revealed
no signi ficant diite rence at the 0.05 level between the means of the four new mod—
el s. However , a significan t difference did exist at the 0.01 level for the inde-
pendent data between the means for each of the new models and the frost—point depres-
s ion model , the  model  c L l r e n t l y  in use in the  p o i n t — a n a l y s i s  p r o g r a m .  Tab le s  10 and
12 give the distributio t-is of the absolute value of the errors for each of the models
for the dependent and independent data , respec tively.

Th u s , the model comparisons just described reveal two significant facts. First ,
no s i g n i f i c a n t  d i f f e r e n c e  e x i s t s , in  a statistical sense, between the mean error~ in
ei th er cumulative precipitable water or bransrrissivity in a vertical column or slant
path , respec tively, with bases at the —40 C t e m p e r a t u r e  l e v e l .  However , and second-
l y ,  t h e  new models did demonstrate a s t a t i s t i c a l l y  s i g n i f i c a n t  r e d u c t i o n  in t h e  m e a n
errors tor both cumulative precipitable water and transmissivity over the means for
the two old models. Similar results can be seen for the number of cases with abso-
lu te errors of various magnitudes (Tables 10 and 12).

Conclusions and Recommendations

Any one of the four new models will resdilt in substantial improvements in defin-
i ng the water—vapor profile above the —40 C temperature level over that obtained
with the currently used frost—point depression model. Using as a criterion th~ er-
ror in0 transm issivi ty from 100 km to the —4 00C tempera ture level at a zenith anole
of 80 , the simplest model, i.e., the new mixin g—ratio model, MOD2A , performs
equally as well as the more complex models , NOD1 , MODIA , and MOD2. However , this
model ma y not perform as well as the more comple~c models in describing the entire
ver tical profile of water vapor above the —40 C temperature level , (see , for
e x amp l e , Fi gures 1 and 2). Therefore , for the purpose of describing the to tal pre—
cipi table water or , more  s~ e c i f i c a1 1y , the transmissivity in the 2.95 om band in a
s l a n t  p a t h  down to  the  — 4 0  C t e m p e r at u r e  leve l , MOD2 A could  be i n c o r p o r a t e d  i n t o  t h e
point—analysis program instead of the more complex models, i.e., MOD 1 , MOD 1A , and
MOD 2 .
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Table 1. List of NRL Frost—Point Soundings Used as Independent Data (all at
Washington DC).

No . Date  T ime  Tropopause Pressure (mh)

1 1/30/74 1500 2 2 0 . 0 0
2 4/26/74 1530 198.00
3 7/ 2/74 1530 175.00
4 9/13/74 1550 125.00
5 1/ 1/74 1645 156.00
6 2/20/75 1630 229.50
7 4/14/75 1630 198.00
8 5/14/75 1616 196.00
9 7/ 2/75 1730 158.00

10 9/30/75 1543 135.00
11 10/23/75 1540 188.00
12 11/ 5/75 2035 178.50
13 1/ 2/76 1648 206.00
14 4/ 6/76 1913 222.00

Table 2. Distribution of Tropopause Pressures for NRL Data Listed in Table 1.

Class interval (mb) Number of Soundings

l 00<p<150 2
l5OZp < 2 0 0  8
2 O0~ p<250 4
250Zp (300 0
300<p 0

Table 3. Reqression Anal yses for ‘iTOOKM (Frost Point at the Troeopause)

VARIABLE ENTERED 7
SUM OF SQUARES REDUCED IN THIS STEP 63.608
PROPORTION REDUCED IN THIS STEP 0.015
CUMULATIVE SUM OF SQUARES REDUCED 3304 .221
CUMULATIVE PROPORTION REDUCED 0.800 of 4131.246
FOR 5 VARIABLES ENTERED

MULTIPLE CORRELATION COEFFICIENT . . .  0.894
(ADJUSTED FOR D.F.) 0.890

F—VALUE FOR ANALYSIS OF VA RIANCE 79.906
STANDARD ERROR OF ESTIMATE 2.876

(ADJUSTED FOR D.F.) 2.932

VARIABLE REGRESSION STD.ERROR OF COMPUTED PROPORTION
NUMBER COEFFICIENT PEG. COEFF. T—VALUE REDUCED

10~~~~~ 6.384 2.968 2.151 66.1
6 —0.843 0.290 —2 .910 9.1
4 0.450 0.131 3.441 1.6
8 0.418 0.109 3.828 1.7
7 —1.186 0.428 —2.773 1.5

INTERCEPT —88.054
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Tat le 4. P--q res sion Anal yses for l’FMIVM (Front Point 1 km Below Tropopause)

VAr .JA t3LE !\TI 1-ED 8
St ~ M OF SQ~ ”--ES 1 - tE CFD IN T~~1S STEP 216.739
PPCPOR-rION ~tflUCE D rN TI-IrS . TEP 0.038
UUMS LAT IV E SU~ OF SQ (1AkE~, REDUCED 4 ‘59 .055
Ci~-’ULATI /E PROPOt~TION REDUCED 0.802 of ‘~eH3 .~i63
FOR 3 ~- P i -  T~P 1 F S FN ~~ P E P

~VLT IPLF ~oPPErATroN COEFFICIFN 0.896
(t-iJUSTE [ FOR D.F.) 0.893

F—VALUE FOR ANALYSIS OF VAR IANCE 137.845
STANDARD ERROR OF ESTIMATE . . .   . .  2.757

(ADJUSTED FOR D . F ’.) 2.869

VAi~IABLE REGRESSION STP.FRROR OF COMPUTED PROPORTION
bOMBER COEFFICIENT P E G .  COEFF. T—VALUE REDUCED

10 4.801 3.195 1.502 ~3 .0
7 — 2 .531 0.275 —9 .219 13.4
8 0.503 0.114 4.434 3.8

I N T E R C E P T  —75 .49

Table 5. Regression Ana1ys~ s for TFM2MM (Frost Point 2 km Below Tropopause)

VA R IABL E F~~ ’FPFC 8
S U M  OF SQUARES REDUCED IN THIS STEP 4724.098
PROPORTION REDUCED IN THIS CTFP 0.669
CUMULATIVE S U M  OF SQUARES R E D U C E D  4724.098
LUMULAT1VE PROPORTION RFE-UCt;L~ U.’-~t9 of 7062.250
FOR 1 VARIAB LES ENTERED

MULT IPLE CORRELATION COEFFICIENT . .  0.818
(ADJUSTED F OP D.F.) 0.818

F—VALUE FOS ANALYSIS OF VARIANCE 210.126
STANDARD ER- OX OF ESTIMATE A .742

~AOJLSTEL FOR “.F.) 4.742

VA?IABi r~ RECRESSION STD.ERROR OF COMPUTEb PROPORTION

- 
NUMBER COEFFICIENT PEG . COEFF. T—VALUE REDUCED

8 0.894 0.0617 14.496 bb .9
INTERCEPT — 11 .617
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Ta b le 7 . Model Comparisons of Statistics of Error in Preci8itable Water in
Column from 10 km Above Tropopause to the T —40 C Level

D e p e n d e n t  Da ta  — 101 N R F  S o u n d i n g s  1964— 1973

E r r o r  M i x i n g Fros t
(percent) Patio Point Dep MOD1 MOD1A MOD2 MOD2A

Mean — 12.8 —37.0 —0.87 —12.9 —2.42 —3.08
Standard Dev 26.7 27.5 27.1 49.6 23.9 23.5
Minimum — 69.1 —75.5 —71. / —53.6 —51.7 —50.6
Maximum +68.3 +136.2 +126.9 +157.5 +61.1 +59.1

Table 8. Model Comparisons of Statistics of Error in Precig itable Water in
Column from 10 km Above Tropopause to the T = —40 C Level

Independen t Data — 14 NRL Soundings 1974—1976

Error Mixin g Frost—
(percent) Ratio Point Dep MODI MOD1A MOD2 MOD2A

Mean —32. 1 —47.3 — 3.9 — 6.1 12.09 11.7
S t a n d a r d  Dev 2 3 . 8  2 3 . 8  4 2 . 1  5 8 . 2  36 .8  37 .4
Min imum —75.~ — 82.9 —58 .u —39.3 60.5 58.5
Maximum +21.3 21.1 +127.2 +172.4 +102.0 +106.1

Ta~~le 9. Model Comparisgns of Statistice of Error in ~ r a n sm i s s i v i t y  f r o m  100 km
to the T —40 C Level for Zenith Angle 80

Dependent Data — 101 N P L S o u n d i n g s  1 9 6 4 — 1 9 7 3

E r r o r  ~ tx in q Frost— New New New New
(percent) Patio Point Dep (MODI) (MODIA) (MOD2) (MOP2A)

TM ean 1.4 7.2 u.~ — U.S ~.9 1.0
Standard 0ev 5.1 4.9 4.4 6.7 3 .9 3.1’
Minimum — 10 .5 — 6.~ —12. 1 — L b . ~ 8.3 —

Max imum 13.5 18.4 19.9 13.7 10.6 10. 7
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Tab le  10. Model  C o m p ar i s g n s  of A b s o l u t e  V a l u e  of E r r o r 0
in  T r a n s m i s s i v i t y  f r o m  100 km

t o  th e  T ~ —40  C Leve l  f o r  Z e n i t h  A n g l e  ~ 80

Dependent Data — 101 NRL Soundings 1 9 6 4 — 1 9 7 3  (Percent Frequency)

A b s o l u t e  M i x i n g  F r o s t —  New New New New

of E r r o r  P a t i o  Point Dep (MODI) (MOD1A) (MOB2) (MOD2A )

0 to +5% 64.3 28.71 77.24 52.4/ 81.18 85.14

+5% to 1-10% 27.72 41.58 19.80 34.65 17.82 13.86

4-10% to 4 - 15% 7 . 9 2  2 3 . 7 6  1 .98  8 .91  0 . 9 9  0 . 0 0

1-15% to + 2 0 %  0 .00  5 . 9 4  0 . 9 9  3 . 9 6  0 .00  0 .0 0

Table 11 . Model Cornparis8n s of S t a t i s t i c s  of E r r o r  in ~~r a n s mi s s i v i t y  from 100 km
to the T —40 C Level f o r  Zenith Angle 80

Independen t Data  — 14 NRL Sound ings  1974—1976

E r r o r  M i x i n g  Frost— New New New New

(p~~rcent ) Ratio P o i n t  Dep (MODI) (MODIA ) (MOD2) (MOD2A )

Mean  6 . 4  9 . 8  2 .1  1.3 3 . 3  3 .3
S t a n d a r d  Dev 5.7 6 . 1 5.5 6 . 3  5 . 2  5.1
M m  — 2 . 2  — 2 . 1  — 1 0 . 5  — 1 3 . 2  — 8 . 5  — 8 . 8
Max 2 0 . 9  2 4 . 5  14 .8  8 .9  15.4 1 4 . 8

Table 12. Model Comparis8ns of Absolute Value of E r r o r 0 in  Tr a n s e i S s i v i ty  fro rT ’  100 ~c~’
to the  T = — 4 0  C Level for Z e n i t h  A n g l e  = 80

In d e p e n d e n t  Data  — 14 N RL Soundings  l 9 7 4 - 1 9 7€  ( P e r c e n t  Fr e o ue n cy ~

A b s o l u t e  Mixing Frost— New New New Ne w
E r r o r  Ratio P o i n t  Dep (MODI) (MOD1A) (MOD2~ (MO D2 A )

0 to + 5% 4 2 . 8 6  2 1 . 4 3  6 4 . 2 9  5 7 . 15  57 . 1 4  57 . 14

+ 5 % to + 1 0 %  35 .71  3 5 .7 1  2 1 . 4 3  35 .71  3 5 . 7 1  3 5 . 7 1

+10% to +15% 14.29 23.57 1 4 . 2 8  7 . 1 4  0 . 0 0  7 . 14

+15% to +20% 0 . 0 0  7 .14 0 . 0 0  0 . 0 0  7 . 1 4  0 . 0 0

+ 2 0 %  to +25% 7.14 7.14 0.00 0.00 0.00 0.00
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