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ABSTRACT

A procedure of objective analysis for the mean mixing ratio in the
100 mb layer adjacent to the earth's surface utilizes radiosonde data
and surface observations of humidity. An estimation, based on the
observed data, of the relationship between the surface mixing ratio
and the mean mixing ratio in the 100 mb layer provides a bogus value
of mean mixing ratio at the location of each surface station. These
values are then used with the mean mixing ratios determined at each
upper air station to produce the final objective analysis of the mean
low=level moisture. The method incorporates procedures for the
detection of errors in both surface and upper air data and is presently
being used operationally at the National Severe Storm Forecast Center
(NSSFC), Kansas City, Missouri.



OBJECTIVE ANALYSIS OF MEAN MOISTURE ALOFT
UTILIZING RADIOSONDE AND SURFACE DATA

by

Rex L. Inman]
National Severe Storms Laboratory

1. INTRODUCTION

Determination of the three dimensional distribution of moisture in the atmosphere
is of prime importance in the prediction of precipitation. The problem is extremely
acute in the forecasting of areas where severe thunderstorms are most likely to occur.
An effort must be made to predict thunderstorm events on a smaller scale than is
normally possible with upper air data alone. Since the precipitable water in a column
in the atmosphere is highly correlated with the surface dew-point, temperature severe
thunderstorm forecasters have long used the surface dew point to aid in the delineation
of areas where severe convective activity is likely to develop.

: This note describes a simple method of utilizing surface humidity observations to
better define the field of mean mixing ratio in the lowest 100 mb layer of the
atmosphere. The objective analysis utilizes both surface data and radiosonde data.

2, RELATIONSHIPS BETWEEN SURFACE HUMIDITY
AND VERTICALLY INTEGRATED MOISTURE

In the past few years several investigators have attempted to find linear relationships
between the natural logarithm of precipitable water in a column and the surface dew-
point temperature. Reitan (1963) determined a linear correlation of 0.98 between
the logarithm of mean monthly total precipitable water and mean monthly surface dew
point from a total of 540 observations. Bolsenga (1965) found correlation coefficients
of 0.85 and 0.80 for mean daily and hourly observations, respectively. Lowry and
Glahn (1969) collected a total of 33,134 1200 GMT observations, made at 56 U. S.
stations east of the Rocky Mountains for the period December 1965 through November
1967. They determined multiple regression equations which relate the natural
logarithm of precipitable water in the column between the surface and 500 mb, to
surface dew=point temperature and 10 other variables. They found that when the data

1 Present offiliation: Department of Meteorology, University of Oklahoma,
Norman, Oklchoma



were stratified by month and dew point used as a specifier, a total of 83.9 per cent

of the variance of the natural logarithm of precipitable water was explained. Another
2.7 per cent was explained by two additional variables, surface weather and total sky
cover. The remaining predictors were shown to be of little additional value,

It is hardly surprising that the precipitable water in a column is highly correlated
to surface dew=-point temperatures since it is well known that an approximate expression
of the form

Inwy,=A+Bty ,

can easily be derived by combining Tetens' (1930) empirical formula for vapor pressure
with the definition of water vapor mixing ratio. Here wg is surface mixing ratio and

tyq is surface dew point. Thus, one can always expect the surface dew point and the
mean mixing ratio, w, in an atmospheric column to be highly correlated because (for
almost any grouping of the data) there will be a dominant range of values of the ratio,
‘;/Wo' Stratification of the data should be accomplished to separate cases characterized
by similar values of the ratio k = w/wg. Other investigators (Lowry and Glahn, 1969)
have done this by stratifying the data by month, season, geographical location, etc.,

or by averaging the data over a period of time so that at least a portion of the variability
of w/wg, is removed.

Smith (1966) derived a theoretical relationship between total precipitable water
and surface dew-point temperature by assuming that the average decrease of moisture
with height through the atmospheric column may be described by the power law

Wiy (1)

Po

where w is mixing ratio, W is the mixing ratio at p =p,, p is pressure and A is a
parameter. The mean mixing ratio in a vertidal column in the atmosphere is
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Since the total precipitable water in the column is related to the mean mixing ratio by
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where g is the acceleration of gravity, Smith wrote the equation in the form

InU=1In(P2) + Inw
9
(4)
=In(P2) - InA +1) +Inw, .
g

Of course w_ can be related to the surface dew-point temperature by use of Tetens'
empirical formula (1930) for saturation vapor pressure and the definition of mixing ratio.

A better understanding of Smith's relationship can be obtained by transforming the
equation to a slightly different form. Remembering that

A L (5)

Wo

we see that the term In (A+1) in (4), the only one which depends on the vertical
distribution of moisture in Smith's equation may be written simply as ln(\_A'r/wo). That

is, if one desires to estimate mean moisture aloft from surface data, he simply should
have information concerning the variability of w/w,. There is no need to be concerned
with the parameter A . If we write

1 -‘7V=kw ’ (6)

where k is an independent estimate of w/wo, we have a more sensible type of assumed
relationship; note that this is equivalent to the type of relationship sought by the
previously mentioned investigators. Here, however, we characterize the actual moisture
profile with the realistic ratio k (aTv/wo) instead of a parameter associated with an
assumed power law. Naturally we can expect that this ratio will vary considerably
spatially as well as with time. It will also depend greatly on the synoptic situation,
i.e., the type of air mass involved.

The variability of mean values of k can be illustrated by reexamining some of the
previous work in this area. Here k is the ratio of the mean mixing ratio in the column
between py and p = 0, to the mixing ratio at the surface. Smith (1966) presented a
table showing the seasonal latitudinal mean values of the parameter A defined in (1).
Since k = w/wo = A+1)~1, we can easily transform Smith's results to show variations of
the mean values of k with season and latitude. Smith utilized mean Northern Hemisphere
soundings tabulated by London (1957) in his evaluations of . The Northern Hemisphere
averages were derived by weighting each latitude band equally.
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Table 1. Seasonal and latitudinal mean values of k = w/wq
(ofter Smith, 1966).

Latitudinal
Zone Annual
(deg N) Winter  Spring  Summer  Fall Average
0-10 03 .26 .26 .27 .26
10-20 <25 29 27 .25 .26
20-30 <22 2D s 25 25 .24
30-40 2D .24 .26 ks .25
40-50 27 .25 Be 4 27 .26
50-60 .28 25 w7 f 25 .26
60-70 <35 27 .28 .28 .29
70-80 .38 .37 3 .28 +33
80-90 .47 .41 .34 .33 .38
Northern
Hemisphere .28 L] .28 T .28
Average

Table 1 shows that the seasonal and latitudinal variations of the mean values of k
are rather insignificant in the low and middle latitudes. Very significant variations
occur, however, in the latitude band, 60-90 deg N.

During the past several years NSSL has operated a mesonetwork of rawinsonde
stations, usually during portions of the months of April, May and June. Most of these
soundings were made during the period 1100 - 0300 CST. From data collected during
1966 and 1967, a total of 776 soundings have been processed for the purpose of investi-
gating the variability of the ratio, w/w,, where w is the mean mixing ratlo in the 100 mb
layer adjacent to the surface of the earth, and wg is the surface mixing ratio. Tcble 2
shows the frequency distribution of w/wg. Note that in over half of the soundings
w/wg has a value between 0.90 and 1.03 and in almost 80 per cent of the cases has a
value between 0.83 and 1.10. In about 69 per cent of the soundings w is less than or
equal to the surface value, wg.









that the analysis would not be spoiled by an unrepresentative surface dew-point
temperature. It is seldom necessary to make this adjustment.

Next an objective analysis of R is performed to provide estimates of R at each
surface station. An initial guess of 0.9 at all grid points is used in this analysis.
After this is completed, one could produce a final analysis of the mean mixing ratio by
simply multiplying R ot each grid point by the corresponding previously analyzed values
of surface mixing ratio. In practice, however, it has been found to be desirable to
control the influence of the surface data; thus, we have proceeded by first interpolating
a value of R for each surface station. Then a bogus value of w (=Rw,) is calculated for
each surface station. At this point two sets of data are available; (1) the mean mixing
ratios determined at each radiosonde station, and (2) the bogus values of w estimated
for each surface station. Certainly the former set of data should be considered to be
the most reliable. Consequently, the analysis scheme is designed so that the upper air
data is given greater weight than the bogus values of mean mixing ratio. By proper
adjustment of the relative weights assigned to the two sets of data, one can obtain a
final analysis of the mean mixing ratio that reflects, to the degree desired, the smaller
scale variations present in the surface data. For operational analysis at NSSFC the
upper air data is given a weight three times that given to the bogus data.

4. APPLICATION OF THE ANALYSIS PROCEDURE

The area of analysis, shown in figure 1,is covered by a 21 x 27 grid which has a
gridlength of approximately 68.5 n mi. Radiosonde stations in the United States also
are shown in figure 1; the average distance between stations is about three times the
gridlength. Roughly ten times as many sur-

face stations as upper air reporting stations
are positioned within the grid.

The data employed include the radio-
sonde reports processed at the National
Severe Storm Forecast Center; these data
are checked for hydrostatic consistency
(Inman, 1968) before they are stored on
magnetic tape. Surface data from the
surface observation network are placed on
a separate magnetic tape.

An example of the analysis of R, the
ratio of w to wy, is shown in figure 2 for

00 GMT, April 4, 1968. Important features

Figure 1. The area of analysis of the 21 include a minimum in the field of R located
x 27 grid. United States rawinsonde in eastern Kansas to the west of the surface
stations are shown by black dots. position of a cold front. (The surface map
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is shown in figure 3.) Also, a maximum in
the field of R is located in southeastern
Missouri east of the surface position of the
cold front. The continuity of dominant
features such as these is usually rather good
as frontal systems move across the United
States.

An example of the analysis of w obtained
by the techniques described in the previous
sections is shown in figure 4. A molist tongue
extends from the Texas Gulf coast region
northeastward through northern Louisiana and
eastern Arkanses and then northward to south-
Figure 2. An example of the analysis of eastern lowa. Similar configurations of the

R, the ratio of mean mixing ratio, w,  moisture field often develop as a low-level
to the surface mixing ratio, w,. Data low-pressure system develops in the central
are for 00 GMT, April 4, 1968. United States. That is, a tongue of low-
level moisture develops east of the surface
front and usually extends northward and then northwestward around the surface position
of the low-level Low.

Accurate determination of the position
of the axis of such moist tongues is ex-
tremely important in severe thunderstorm
fofecasting. If an analysis of low-level
moisture is attempted utilizing only radio-
sonde data, often the analysis is constructed
so that the axis of the moist tongue passes
through the location of one or more radio-
sonde stations. However, there is a
strong probability that the axis should be
located up to a hundred miles from the
radiosonde station(s). Such errors may be
particularly large when a radiosonde report
happens to be missing in a critical location,
i.e., in the vicinity of the true position =~ Figure 3. An example of the analysis of
of the moist axis. Obviously, by utilizing  mean mixing ratio, w, in the 100-mb

the surface observations as described in thick surface layer. Values of w

this report, one has a better change of (10-1 gm kg=1) are plotted at radio-
accurately describing the low-level sonde stations. Data are for 00 GMT,
moisture field. April 4, 1968.


































































CALL PRTFLD(IZGXsNI1sNJ)
PRINT 914 «DATE
914 FORMAT(/1HOs 10HMEAN-RAOB 15X e4A4)
DO 164 L=1+15
164 PRINT 903
150 WRITE(59+:912)
912 FORMAT(32HSET PRINTER AT 10 LINES PER INCH)
PAUSE 4321
DO 3000 I=1+NRAOB
3000 1ZXT(I)=(1ZXT(I)+5)/10
PRINT 915+DATE
915 FORMAT(37X+47HMEAN MIXING RATIO IN 100MB THICK SURFACE LAYER +4A4)
CALL MAPONE(IXSesIYSesNRAOBsI1ZXT)
CONT I NUE
END
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SUBROUTINE PRTFLD(IARINI sNJ)
ee s PRINTS OBAN FIELD - PROVIDES SPACING AT TOP ONLY
DIMENSION 1AR(21+27)
DO 1 L=1+5
1 PRINT 90}
901 FORMAT(1H )
PRINT 902+ (IAR(1eL)eL=1esNJ)
902 FORMAT(1H +3X«2615}
DO 2 1=2.18
2 PRINT QU3+ (IAR(IsL)sL=1aNJ)
903 FORMAT(/1HU+3X+2615)
PRINT 10 (IAR(19eL)sL=1017)e(IAR(19sL)sL=23+26)
10 FORMAT(/1HCs3Xs1715+25Xs415)
PRINT 12+ (TAR(20sL)+L=1412)+(1AR(20+L)sL=23+26)
12 FORMAT(/1HO+3X+1215¢50X+415)
PRINT 14¢(IAR(21sL)sL=1611)s(1AR(21sL)sL=24+26)
14 FORMAT(/1HO+3Xs1115¢60Xe315)
RETURN
END
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SUBROUTINE MAPONE( IXeIYsNOSeI1ZX)
PRINTS STATION VALUFES ON SECTIONAL MAP
TO USE ® ENTRY POSITION MAP AT STANDARD POSITIONs SET PRINTER AT
10 LP1s PRINT A ONE LINE HEADERs AND CALL THIS SUB
EXIT MAP IS LEFT AT 3TANDARD MAP POS
RESULTS * 4 DIGITS OF I1ZX ARE PRINTED TO THE LEFT OF THE STATION
ASTERISKe IF THE NUMBER EXCEEDS 4 CHARACTERSs $%$%% IS INSERTED
IXe1YesIZXsNOS ARE NOT MODIFIED IN ANY WAY
FORM XXXX#* OR  =XXX3#*
CHARACTER LINE
DIMENSION IZX(1)eIX(1)eIY(1)sIS(86)¢1IT(86)+LINE(135)
IXC=1689 $ 1YC==342
DO 1 L=1sNOS
IS(L)=CIX(L)Y-1IXC) /10
1 ITL)=(C1Y(L)=-1YC)/710
DO 4 IR=14126
PO 3 L=1+135%
3 LINE(L)=60B
RO S =1eNOS
IF(IReEQeIS(I))6E+S
6 K=1T(I)
IF(KeLTeleOReKeGTe135) S¢930
930 [F(KelLTe5)30+31
30 k=5
31 KK=1ZX(1I)
IF(KKeGT 699996 OReKKelLTe=999) 25421
25 NS=NH=NT=NU=533
GO T S8
21 JJ=1ABS(KK)
NS=JJ/1000 $ NX=JJI-NS¥]1000 $ NH=NX/100 $ NX=NX-NH¥100 $ NT=NX/10
NU=NX-NT*10C
IF(NS.EQe0)517+518
517 NS=60B
IF(KKelLTe0)521¢522
521 NS=40B
522 IF(NHeEQeO)519+518
519 NH=NS
IFI(NT.EQe0)523¢524
523 NT=NH $ GO TO 525
518 LINE(K=4)=NS
524 LINE(K=3)=NH
525 LINE(K=2)=NT
LINE(K=-1)=NU
LINE(K)=548
5 CONT INUE
PRINT 9014.LINE
901 FORMAT(1H +135R1)
4 CONT INUE
PRINT 902
902 FORMAT(12(/))
RE TURN
END
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SUBROUTINE CONTUR(IZ«NIeNJsMINs INTsKALP)

ee o PRINTS STANDARD NI X NJ GRID WITH CONTOURING BETWEEN LINES
eeeMIN IS THE MINIMUM VALUEs INT IS THE CONTOURING INTERVAL
eo o KALP IS AN ARRAY CONTAINING THE CONTOURING SYMBOLS
e s eNJ MUST BE ILE 2T

DIMENSION 1Z(21427)+<ALP(16)sLINE(131)sLIN(27)
LTOT=INT*16

NJM=NJ~-1

NUM=S¥NJIM-4

PRINT Q004 (I1Z(1e¢J)eJ=1sNJ)

FORMAT(1H«13+2615)

DO 1 IR=2e«NI

DO 2 JD=1s2

DO 3 L=1eNJ
LlN(L)=((12(1R'L)-12(1R-1-L))*Jo)/3+12(|R—1oL)
K=1

DO 4 J=1eNJIM

LINE(K)=LINJ=LIN(J)

NDZ=LIN(J+1)=-LINJ

DO S L=1+4

K=K+1

LINE(K)=(NDZ*L )/5+LINJ

K=K+1

CONT INUE

LINE(K)=LINI(NJ)

DO 6 L=1+NUM

JOF=LINE(L)-MIN

IF(JUDF )8¢949

JOF=JUDF+LTOT

GO T0O, 7

J=JDF/INT

IS=JU=(J/16) *¥16+1

LINE(L)=KALP(IS)

PRINT 901+ (LINE(L)sL.=1sNUM)

FORMAT (1Hes2Xes131A1)

CONT I NUE

PRINT 9UOs (IZ(IReJ) sJ=1¢NJ)

CONT I NUE

RETURN

END
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