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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

P AT 7
w (= ) dp= _"° : (2)
Io 2 ES i A+ 1

Since the total precipitable water in the column is related to the mean mixing ratio by

S
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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.

3



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.



Table 2. Frequency distribution of w/wg based on 1966-1967
data from NSSL rawinsonde network .

Class Interval, Cum. Freq.
-v;/wo f % (%)
.55 - .61 1 .13 .13
.62 - .68 7 .90 1.03
69 - .75 17 219 3.22
76 - .82 42 5.41 : 8.63
.8 - .89 114 14.69 23,32
.90 - .96 213 27.44 50.76
.97 -1.03 196 25,26 76.02
1.04-1.10 96 12,37 88.39
1.11 = 1.17 48 &:19 94,58
1.18- 1.24 30 3.87 98.45
1.25 - 1.31 6 .77 99.22
1.32 - 1.38 5 .64 99.86
1.39 - 1.45 0 .00 99.86
1.46 - 1.52 g .13 100.00

776

3. ANALYSIS PROCEDURE

The analysis procedure is summarized os follows and detailed in following
paragraphs:

a. Consistent values of surface mixing ratio, wo, at radiosonde stations, are
determined.

b. The mean mixing ratio in the lowest 100 mb layer ot each radiosonde station
is calculated and R (=w/w,) is computed, where w,, is the surface mixing ratio evaluated
in the first step rather than the reported surface mixing ratio.

c. The distribution of R is defined objectively so that R may be estimated at each
surface station.

d. A bogus value of w (=Rw,) is computed for each surface station.

e. An objective analysis of w is performed utilizing the two sets of dataq, i.e.,
the observed values of w at radiosonde stations and the bogus values of w at surface

stations.



The basic objective analysis method employed in this study is similar to that
devised by Cressman (1959); the particular scheme, as well as others available for
operational use at NSSFC, has been described by Inman (1970). One modification has
been added to facilitate its use for the analysis of moisture, i.e., the routine has been
redesigned to use two sefs of data of different reliability in a single analysis. Reports
from the two sets are given different weights depending on their relative accuracy.
Specifically, in the application of the successive approximations technique the
correction made at the grid point (i, ) is

K M
i WioBR > w_D
i k='| kk. - am=‘| m m ;
Cili A K M (7)
15 W
kgl W amE-:‘-] m

where W is the Cressman distance-dependent weight function, D is the deviation
between the observation and the current analysis at the location of the report (inter-
polated) and a is the relative reliability factor of the second set of data.

An objective analysis of the field of surface mixing ratio, wg, is first accomplished
with observations of surface humidity from both surface stations and radiosonde stations.
On each pass through the data, as the analysis is successively corrected, each piece
of data, %, is compared with the current analysis, Z, ot the location of the observing
station. If |Z - Z| is greater than some predetermined number (different from each pass)
the datum is assumed to be bad and is discarded. This technique requires a first
approximation available ot all grid points; in the analysis of the surface mixing ratio
the first-guess field is assumed to be zero.

The analyzed values of surface mixing ratio are then utilized in the calculation of
R = w/wg, where w,, is the interpolated surface mixing ratio at the upper air station
and w is the mean mixing ratio in the lowest 100 mb layer ot the upper air station. The
calculation of w is defined by

1 P

- — S
w= 100 J wdp , (8)
P,-100

where Pg is the surface pressure. The integral is evaluated with the trapezoidal rule
utilizing significant level data from rawinsonde reports. If the value of R determined
at a radiosonde station is greater than 1.25, R is set equal to 1.25; also, if the value
is less than 0.5, R is set equal to 0.5. These arbitrary limits were placed on R to Insure
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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.



Figure 4. Surface map for 00 GMT,
April 4, 1968.
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APPENDIX

The listings of the FORTRAN programs which perform the described analyses are
contained in this appendix. The programs are in the form necessary for use with the
operating system on the CDC 3100 computer at NSSFC, Kansas City, Missouri, Because
of the limited storage of the CDC 3100 it was necessary to separate the program into a
main program and three overlays. Program MOIST is the main program; its purpose is
simply to transfer control to one of the three overlay programs.

Program SFCDAT (OVERLAY 1) is called by MOIST to read surface data from the
NSSFC data tape and to accomplish some preliminary processing of these data. No
FORTRAN subroutine is called by this program.

Program UPDAT (OVERLAY 2) is called to read radiosonde data from the NSSFC
Raob data tape and to analyze the surface mixing ratio, w,. FORTRAN subroutines
SORTOB and BOBAN are called by this program to analyze w,.

Program FINAL (OVERLAY 3) is called to analyze the field of R (=w/wg),
interpolate a value of R for each surface station, calculate a bogus value of w at each
surface station and perform the objective analysis of w using the two sets of data, i.e.,
the observed w's and the bogus values. Several FORTRAN subroutines are called by this
program. SORTOB and BOBAN are called to accomplish the objective analyses. PRTFLD
is a simple output routine utilized to print analyzed values at grid points; no contouring
is done. Subroutine MAPONE is called to print station values of w on the NSSFC
sectional map. Subroutine CONTUR is called to print analyzed values at grid points and
to contour the analyzed field.
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PROGRAM MOIST
oo o CALCULATES AND OBUECTIVELY ANALYZES THE MEAN MIXING RATIO IN

€115
25

(3)
(4)
(S)

THE LOWEST 100MB USING A COMBINATION OF UPPER AIR AND SFC
STATIONS

WBAR/WSFC 1S CALCULATED AND ANALYZED USING UPPER AIR DATA
A VALUE OF THE RATIO IS INTERPOLATED FOR EACH SFC

STATION WITHIN THE GRID

WSFC IS CALCULATED FOR EACH SFC STATION

WBOGUS (BOGUS MEAN MIXING RATIO) = RATIO*¥WSFC

BOTH WBAR AND WBOGUS ARE ANALYZED

e e e SENSE SWITCH 1 ON — PRINTS ANALYZED RATIO FIELD
ee o SENSE SWITCH 2 ON - PRINTS INTERMEDIATE MIXING RATIOS.ETC FOR

UPPER AIR STATIONS

e o SENSE SWITCH 3 ON - PRINTS INTERMEDIATE MIXING RATIOSETC

FOR SFC STATIONS

eeeSENSE SWITCH 4 ON - PRINTS WBAR USING RAOB DATA ONLY

eeoeSENSE SWITCH 5 ON - COMPUTES (WBAR)=(WZERO) (RATIO) PRINTS FLD

e e e ORDER OF OVERLAYS * SFCDATs UPDATs FINAL

ee e TAPES *%¥%%¥ RAOB ON 2. SEC ON3

COMMON NI oNJ+sIDXs IDYe IXFOesIYFOeIXOesIYOIXGP(21)eIYGP(27)

COMMON NWEG+NSFC ¢« NRAOB ¢« NOPSF s NOPUA s KOUT (4)

COMMON DATE(4)+sSDATE(4)¢IRSF(4)+s1RUA(4)+1X(485)+1Y(485)+12ZX(485)

COMMON I1ZGY(21¢27)9IXS(86)+1YS(86)+1ZXT(86)+IXQ(86)+1YQ(86)
1ZXQ(86)

INTEGER DATESDATE

CALL OVERLAY(1+0+55)

CALL OVERLAY(2+0455)

CALL OVERLAY(3+40455)

PAUSE 7

GO TO 100

END



PROGRAM SFCDAT
DIMENSION DATA(2680) +CDATA(10720)
CHARACTER CDATA
EQUIVALENCE (DATACDATA)
INTEGER DATE«SDATE
COMMON NI osNJeIDXs IDYsIXFOsIYFOeIXOs IYOs IXGP(21)21YGP(27)
COMMON NWEGsNSFC s NRAOB ¢« NOPSF s NOPUA+KOUT (4 )
COMMON DATE(4)sSDATE(4)sIRSF(4)+IRUA(4)+1X(485)+1Y(485)9+1ZX(485)
COMMON/DATA/NLAT(536) + NLONG(536) «NALTC(536)

DATA((
54133
52183
50700
50017+
49450 4
47950 ¢
47633
46767
45683

DATA ( (
44517
43050
42817
40967
4C15C,
40067
39367
& ¥ i
37367

DATAC((

- 36083+
35183,
34433,
33933
32833
32¥1 T
29367
52233
47700

DATA((
49267
48367
44750 6
40700 ¢
447330
43533
45583,
44883+
42233

DATA( (
41000,
36900V
39433
40667
37300
40617
34267
39117,

¥ ok ok Kk k X Xk Xk X sk ok k Kk Kk k Xk Xk X X ok ok ok ok ok ok ok Xk * ok ok ok ok ok ok ok ok

% ok ok ok %k Xk k ¥

NLAT(I)eI=

NLAT(I)sI=

le
53033+
52383
51100
49967«

53967
S2767
50633
49C83,
49533
48600,
469C0+
4691 7.
44917

48550
47467
46100,
45950

44050+
417830
41783+
418000
40833+
40167
39650
38283+
37367

43567
42917
42533
411330
41300
39133
38867
37767
36583+«

35350
34583
35017
33650+
32683
31783
27850«
44317
50283

35683
34567
35100
33617
32850 »
31367
46867
48050
44467

42200
44117
43117
47383
428500
40883+
44867
42267
416004

41733
45883
42217
42933
41250«
39667«
41267+
43933
38950«

38883+
41500
38367
39067
39450+
39933+
38050+
36967

43150«
425504
35267
41533
35867
40100
40317
34183

48800

86) =

53583+
50683
49383+
50333
49500
47450
46917
46383
45800+

87+172)=

44050
42833
42050+
41317
41150,
39500+«
38517+
37367
37700+

NLAT(1)e1=173+258)=

35417«
34750
34433
33617
32667
31800+
48333
49417
44933

NLAT(I)s1=259+344) =

44000
41267
40450
42167
44367
40217
40300
4050C s
44550

NLAT(1)+1=345+430)=

42200
39900«
40300+
40050
35083
40850+
38750
33683

55183
53667
52167
49800+
49183
49633
483000
47483
45600
44917+
443830
43583
42583
41433
416000
40517
40183+
39283
38067+
37700
36300
34900+
34650+
34767
33400+
32300+
31833
46133
45467
432000
48583
42750
46467
43683
41333
43300+
44917
44000+
394000
43133,
41017
40000
370834
SP3BT
36567
41300+
35000
39767
38733

54917
52883
52100+
49817
50283
49067
48217
46150
46600,
45700,
44267
43967
42150
40983«
41100,
40617+
39100
39383+
38433
37450
36333
35617
34867
34200+
33433
32633
313500
45650 ¢
51467
43633
45567 ¢
41933
43117
465334
47500
41800
44483
41400
38333
40183,
39650«
38133
36267
42400
35967+
39833
38983
8521 7%
35817
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55117
53350«
50000
54617
49383,
47950
48167
46567
46433
44117
44767
43567
42917
41317
40600+
40733
39950
39600+
38417+
37250+
36750
35650+
35133
34650
33233
32333
31583
53833
43650«
46367
43350«
41167
48567
45567
46833
39883
45867
43167
40917
43917
417000
37500
41883+
39733
411000
36C83
36483
38967
39067

53883
53217«
51267
49900
50017
48133
46967
47050
45617
44833
44383
43517
41983
42167
409000
40217
39383
39117
37933
36767
36750+
35233+
35167
34383
32433
31933+
31450
46800
48567
42367
41250+
44967
416339
45067
406504
39450
42967
42217
43867
40817
39950+
42400
41450
38367
40783
381839
37083+
35433,
38133

54417
51983
51100+
50250+
49467«
48267+
474000
467830
45450 «
45250)
43417
42367
42917
41867
411830
40767
39767
38817
38050+
36683)
36017
35000+
35050«
33933+
32733+
32250+
30967
44950
50183
S503:1.7 )
46617
431500
47167
43983
40033
42083
39133
39183,
42950+
43200)
41983
39350
40417
37783
39267
38033
35733«
39550«
39150+

NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT

NLAT

NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT

VO~NOOLE QN -~



¥* 37067+ 36667

35950« 34900

DATA(CC NLAT(I)s1=431+:516)=

37667¢ 36017
34350¢ 36133
33583s 327000
B4 733y 32500
31533 30417
29183s 34300+
29633s 33967+
31267+ 30683+
3105Cs 30533+

k ok Kk k dk %k k k X

37233+ 33950
36267y 353509
36000+ 361839
D] S3 S A 3A e
34883+ 335000
29700+ 33217
28550s 28100»
BZ28339 'S8
26067+ 31233

DATACC NLAT(I)+[=517:536)=

*

3030Cs 305009

29650 245509

3T23 3
34500+
33367
34750
34267«
33633
30783,
30383+
3251 T
323504
31617
293834
29300+

36117
38333
37650
33650
36333
35400
30233,
33450
30067
27967«
29983
31067
29533

33950+
35033
ST 16«
32133»
33567
34483
I3 Te
323V 7+«
32467
31400+
26583
SOHMZ e
28717

38817
32900
35600+
36733
311500
34167
34650
33T e
27650
30400
25800
30583+
28850 »

37800)
38067
34700+
35050+
35333
32300+
2333
30783
30467
26683
30200)
29950
28367

*

284504 27683« 27733+ 27500y 26183 25900)

DATACINLONG(I)e1= 1» 86)= 118883y 98633+105300+122683+1102839

115667+1011000122517+116417+113467+118067+110833+105683+124933»
1220504 10825041 14917+127367+106683+1114504127417+1024674+100050+
121317« 9705041140174126533s 94367+124500+1013509 972339102533
10C317+125767¢119383+105550+123167¢107683+121433+110717+119600»
1175674115767+122533+113950+112800+4103000+124550+123400+101283»
O718341123674109767¢122300+114267+106617+103633+123933+1202000
117533y 968004115767 986834+1113504+123883+120533+109450+102800+

X ok ok ok ok ok ok ok K

11 BB 502301 5
DATA C (NLONG (1)1
1090174101600+

1125004108533
= 87+s172)=

1007504114083+¢1182834¢i17017+122600+1120000105867+121150+

98433

97150¢110433+123217+1178174112550)
98217+121150+4106967+100283¢124250+
967334103C67+119C050+107950+116217+112067+122867

dok ok ok ok ok ok ok ok Kk ok %k ok ok k ok %

X ok %k ok ok ok ok % %

#*
¥*
#*

1158506 1242330¢114767+103083s 999830121733+ 106467s 9743341126000
108733+ 122467+113767+10280Cs 973500¢1241004122317¢112317¢103600+
98317+ 1072004 1006834105683+109067+102983+« 98433+¢1178000112017+
122250 +115783¢110983+104817+101617+116867+114033+100583+111967»
1185504 1032174123200+1197834+112933+121567+105833+s 99833+104883
1017006106917y 98817+1215009114850+112517+110750+108533+104700»
12220C4104517¢ 9996741219170¢117083+113017+110683+100717+103517+
120567+118367¢121850+113100+112150+1058679104333+119717+121767)

DATAC(NLONG(1)e1=173258) = 997671199504 104500+ 1082509102550+

115167« 992004117683+1190504+120450+106083¢105150¢101700s 990500
10360C+ 1179000120667+ 18733s 99267+116783+111667s107900+106617
100283+110733+108783+119833+114617+118367+112433+103317+1183830
116950+101817+116167¢114717+104533+112017+41072679 996834117167
115567¢1032C0+106083+114600+10145041081674104267+102200+107700+
110933+103200+100500+106400+1048004113667+110333+109600+110300+
100917+110917s 68017s 71000+ 67783+ 68683+ 89867s 71383+ 68667
87883+ 69800e« 77783+ 82467+ 73750 90250« 70317« 81367+ 86700
79850+« 88900s 73150s 74833s 71500+ 72317¢ 79417s 71033+ 91900)

DATA((NLONG(1)+1=259+344) = 85283s 77417« 73617« 70067+ 80800+

90583s 72533 71433s 76017« 73800 72683« 71583+« 79300« 75383
89317+ 77533« B2567+ 72883+ 84367+ 76117« 93383+« 73883+ 83017
81100, 77667¢ 75983« 73117¢ 79650+ 87567« 84800+« 83567+ 80750
74167+ 928504 78733« 76900s 75733+ 94933+ 92183 75433+ 74350>
85583+ BOZ67s 769174« B4683s 81517« 78633s 752509+ 74583¢ 80183s
84083+ 78083+ 7560Cs 7685C+ 89617+ 88133+ 95383+« 837339 75467+
94183+ 91483+ 80667+ 78317+ BB567s 8185Cs 86233+ 83350 76667
93217+ 84467+ 90267« 802174 77983+ 755004+ 81433+ I1250s 87900+
855504 83800« 77450+ 95083« 89333+ 80650+ 92500« 82517+ 90183}

DATACI(NLONG(I)s1=345+¢430) = 83667 79917s 86317+ 81900+ 87900

8520Cs 79850+ 93333+ 89100+ 82883+ 78450 77333+ 90700 81433,

76200+ 88167+ 92400+ 84217« 77950 76183+ 91700s 90517« 86933

8380Cs 81600+ 755504+ 88150+ 79967+ 96383+ 86283+ 82550¢ 81117
14

NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLAT
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NL ONG
NLCONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NL ONG
NLONG
NLONG
NLC N
NLONG
NLONG
NLONG
NLONG

VONOO >N

WWWWWWWwWwWwNNNNNNNNNN e e e et o e
OJONLPWN~O00ONOUPLPLWN~-~00VDNONDWN=O

39

41
42
43
44



89683, 84667
81217« 873000
93933y 912000
77917« 87533,
94583+ 86433+
88767« 87500
DATA( (NLONG(I)sl
95483s 89400
85167+ 90933,
85650+ 83650
92z33e¢ 84933
84183s 81650
81050s 97017
83100 98483
QU467 88250
93183« 911500
DATAC(NLONG(]1)s1]
3 9770Ce S9767

¥ ok % Xk %k Xk

% %k ok k¥ ok ok X Xk

*

DATA(I(NALTCI(I) 1
¥* 2536 954 ¢
* 3192 1892,
* 1690 T760
* 1642, O
* 2100 31977
* 889 3924
* 247C « 959
* 1752 3291
* 1582, 217

DATAC(I(NALTC(I) o1

v | S12k 2316
3118 624

5541, 2761
1953, 6607
380 5097
3987 4670
3778 64C 3

B 4763

212 4218
DATA(C(I(NALTC(I) !

* X ok Kk %k ok k Xk Ok

* 2283, 2032
* 4117 2417
* 2051« 4916
* 27C6 3342,
¥* =5Hls ITH T
* 2661 2926+
* 1094, 29
* 897 387
* 86U ¢ 1134

DATAC(NALTCI(1) o1

* 1743 266
* 690 o 286
* T70 ¢ 595«
* 32 1438
* 675 843
* T17s 2012
* 1111« 955 ¢
* 89S 1087,

93650+ 88267
78783« 77033
92550« 967500
S6750e 90383
79717+ 78933
85083y 822170
=431:516) =

93383+ 83317
93150s B9B67
94167 95900
82517+ 87617
95783+ 90200
82267+ 92800
81333+ 8C633
97050« 98067
80150 94750
=517¢536) =

95283 817500

992174 97283+ 90339 99500

= 1+ 86)=
1882+ 3137
3430, 80+
3635+ Os

1492, 1954,

172 3877
2705, 4830
3690+ 1581

1282 1520
5518 3664
= 874.172)=

1511« 3270
3759 3415,
4230, 4012,
2893, 7071
6829, 6070
664 . 4461

1966 27
2698 60
237 5596
=173+258) =

2342 528

82 4578
6344 6 22
=120 421
4179 222

2006 3099

673 S TS
1179, 804
366 224
=259+344) =

67 358,
669 16
1729 117
756« 1017
S63. 1230535

86, 378
1260 1555
976 1301

79333s 77800+
95900+« 89667
78883+ 89167
94917« 80933
93567 83983
89583+ 86683
82717« 96200,
81967+ 97417
87617+ 84433,
88767+ 97900
88450+ 97600
83283+ 81667
84367+ 94000,
92050+ 85583«
95400+ 82533
97217s 90250
89400+ 97833
94800s 98467
98233s 97433)
2293 817
2398+ 3576
1736+ 2724
1426, 457
Os 2783
Bl122 1982+
3078 2403
3748, 24
42 3981
1834 4667
1368, 3188s
4242 4 4280
2686 4160,
1524 2424
6609 4372
3384 . 4586
4422 79
6179, 4802 4
5427 5056
7345, 7303«
2306 256
256 6220
1460, 2028+
947 776
3711 1178
2670 5374
5451 S4
S10 444
1C6H s 1285,
372 611
1320 612,
314, 193
TTE 439
620 1509,
$ G ok o S} 1459,
887 2253
Y2 Tl 75 iy
8&5Co 860 s
o 65

92450«
79950
82400
92367
95633
81117
85200
94500«
81200
86750
93100+
85450
90083+
93817
92300+
81867
D321 7
96250«

1286+
2138
O+
1070+
164,
221s
2003+
1135,
27400
401 »
4049
2964
5294 .
3680
2043
4308
8168,
5853
4520«
S710
6281
6723
684 %
5046
4893
3362
4731
770
68+
1285
358
127
1257
765
1501
30
1515
678
1"

91117
85733
84083+
82533+
91767«
97567
80033,
88917
97100
81383
91933
98400
96667
80417
88917+
86267
96350
96917

2322
1498,
1745
840
2470
31
16
4219
226
3472
1820
4786
1639,
4551
4403
2676
232%
4875
2988
352
S549C
3697
€412,
4370
1848,
2968
4182
264
1G29»
08 )
13
988 .
17%
T42a
414
T2
819,
5 (0 S

720

85900 ¢
84600
81383
97650
96667
92100)
97867
86583
89983
94367
86400+
88750
86517
87200+
80100+
91983)
94017
97667

1879+
3055
1065
2134,
1192
1807
1332
2689
1379
S219)
18
1409,
84525
4039
4513,
4297
5333
€096 ¢
4285
155)
4077
1659,
S317s
112
30
4389
S5211's
14% 4
1134,
1 303"
1192,
796 s
844
1442 «
119
788
41,
167
T42

NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NL ONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NLONG
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NAL.TC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NAL TC
NALTC
NALTC
NALTC
NAL TC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NAL TC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC

ooV UUUUUUULIL & & DD
W= 0 VBDNOUPWN—~0O0DONOWM

ONDUN—=00VODONOUMDWLUN —
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750 FORMAT (3CHMOUNT RAOB DATA TAPE ON UNIT 2+/34HAND SFC HOURLY DATA T

1097

795
1069
799«
816
26
1263
605
38+
1035

867
318
7240
201
144,
307
29
1036
340

230
447

* 933 741 348,
DATA((NALTC(1)e1=3454420)=

* 885 2106 1197

* 32+ 630+ G337

* 1141, 1014, 120

* 7C9 936 1027,

* 2973 636 474

* 1193, 819, 1029,

* 41, 417 1398,

* 802 S75e 163,

* 444 4 623 1967
DATA(C((NALTC(1)s+s1=431+516)=

* 1046, AT 1348,

* 689 305 1468

* 662 389, 1336,

* 285 424 222

* 208+ 3R 796+

* 44 4 825 178

* 48 1097, 128

* 503 238s 618

* 355 82 11
DATA((NALTC(I)+1=517+526)=
* 665« 1806+ 67

* S514, 215 194
NOS =0

DIST=2508.263%1.8660254

925
858
890
4710
1250+
632
1047
7= B R
874
938,
379
826
160+
603
388
241
240+«
73
87
591
545
1o
589
121

CINTMB=(1013:25/2C¢92119696) /1000,
DDTR=e0174532925E~3
WRITE(594750)

- 1APE ON UNIT 3)

PAUSE 11711

2 CONT INUE

701

65

66

700

5¢C

751

e 0o s READ OBAN PARAMETERS
READ 701ONIONJQNOPUAOIXOOlYO.lRUAchXeIDYoNWEG-KOUT

1270
1330
690«
149
1174
132
657
579
822
1045,
648
1287
1421
1101
1397
1383
62
396
30
12
32
1081
849,
22)

READ 7OloNloNJoNODSFchOnlYOoIQSFoIDXvIDY

FORMAT (1615)

DO 65 I=1sNI

DO 66 J=14NJ

IXFO=IXGP(NI)
IYFO=IYGP(NJ)
READ 7C0+SDATE

FORMAT (4A4)

IXGP(I)=IXO+(1—-1)%IDX

IYGP(J)=1YO+(J=1)#1DY

IF(SDATE (1) eEQe4H9999)50,5

GO TO 2

e e o SEARCH SFC TAPE

WRITE(59+751)

FORMAT (40HLAST DATE PROCESSEDWHIT GO TO
PAUSE 5555

1400+
826+
177
930
863+
908+
Q46
1613+«
839,
945
242
736
1050

55 ¢
675
595
380
356+
279
127

13

35

16

START OVER)

S BUFFER IN(241) (DATE(I)QDATF(&))
6 GO TO (64+745) 'UNITSTF(2)
7 IF(DATE(1)eEQeJ999)52,3
52 WRITE(594753) SDATE
753 FORMAT(4A4+47H NOT ON SFC TAPE ¢yMOUNT ~
REWIND 2 3 PAUSE 3233 REWIND k3 GOqTO G
8 lF(DATF(l)oNE.SDATE(l)oOQ.DATE(E).NE.

16

1392
963
1149
&5 7.e
895
751«
524
1286
c2T3s
1209,
1332

52
453
1063

26
el
Y272
816

30

39

13
353
126

SDATE‘z)IOR.DATE(3).NE.

Tl
722
922+
682
2620
712
1054 »
1262+
1970
1139,
1170)
1612
690+
306
797
218
234 .
199,
127
23w
45)
24
211

ORRECT TAPE ON 2+HIT GO)

NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC
NALTC

40
4]
42
43
44
45
46
47
48
49
50
S5
52
53
54
59
56
5
58
89
60
6l

€2
63



*_ SDATE(3) eOReDATE (4 ) e NF « SDATE (4119411
9 BUFFER IN(2+¢1) (DATA(1)«DATA(26E0))
10 GO TO (10+9¢5)sUNITETF(2)

£ e 0 ¢f30TH DATES FOUNC AND READ
11 BUFFER IN(2+1) (DATA(]1)+DATA(2680))
.2 eeeSCAN SFC DATA

8109 GO TO (B1058106) ¢sUNITSTF (2)
8106 lTwC=1
124 DO 105 K=14+10681+40
IF(CDATA(K+3)eEQe6CReOReCDATAIK+34) eEQe608s0ReCOATAIK+27) oEQa6CH
* 1054106
C eesREJECT IF Y COORDe IS LE 075
106 IF(CDATA(K+7)eGTe0CB)1094107
1U7 IF(COATA(K+8)-078)105+108+109
108 IF(CDATA(K+9)LE«05B)105+109
C o0 o DATA LSaNOT MLISSINE I ANDHISHEASTROE SIIIOTDEGCREES
109 LSUB=(K=1)/740+1TWC
A=DDTR*(10U00C-NLONG (L S5UB))
PHI =DDTR*¥NLAT(L.SUB)
RA=DIST*#COS(PHI )/ (1e+SIN(PHI))
IXT=RA*#COS (A)
IF(IXTelLTe IXOeORe IXT eGTe IXFO)105110
11C 1YT=RA*¥SIN(A)
IF(IYTeLTelYO'ORe1IYTeGTelYFQ) 105111
£ osoSTATION IS INSIDE CRIE
C es o FORM STATION PRESSURE
111 N1=CDATA(K+32) % N2=CDATA(K+33) N3=CDATA(K+34)
IF(NlelLTe4)1124113
112 N1=N14+30 & GO TO 114
113 N1=N142C
-114 SPQES:CINTMB*(N]*]OOO+N2*IOO+N3*10~NALTC(LSUB))
N2=CDATA(K+27)
IF(CDATA(K+26)-EOoéOH)lIS'I16
115 STEMP=N2 & GO TO j ) 147
116 N1=CDATA(K+26)
STEMP=N1%10+N2
) I ¢ IF(CDATA(K+25).EG.QOB)llBo11”
118 STEMP=-STEMP
G ch e CAL CUILAT ERSFE MIXING RATIO
119 CTEMP=(STEMP—32.0)*.%5555%66
VAP=6.1D8*Exp((17.260398*CTEMD)/(237.
wzgno:(622.*VAP)/(5PRES-VAP)
lF(wZEQO.GT.35.0-OP.M'ZE_QO.LF_'.O.C)‘.
125 NOS=NOS+1
IX(NCS)=IXT

IY(NOS)=1YT X y
G SURFACE MIXING RATIO (SURF

XZX(NOS):WZEQO*]OO.+.5

GO TO (120~1C5)‘SSWTCHF(3)
120 PRINT CS«DATE
9.5 FORMAT (1H1+4A4 )

PRINT 9U30CDATA(K)oCD

1 SPRES«STEMP
903 FORMAT (1H 93Q1c2X03f6~F7.C-F6.0)
1US CONT INUE

IF(XTWC-EO.I)]EZ.]EI
122/ BYURFER IN(2e1) (DATA(1)+sDATA(268C))

1 TWC=269
17

3+CTEMP) )

054+13C

ACE DATA)

ATA(K+1)QCDATA(K+2)le(NOS)-lY(NCS)-lZX(NCi).
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PROGRAM UPDAT
COMMON NI oNJsIDXs IDY o IXFOsIYFOsIXOs IYOs IXGP(21)sIYGP(27)

COMMON NWEGsNSFC+NRAOB ¢« NOPSF « NOPUA + KOUT (4)
COMMON DATE (4)+sSDATE(4)+IRSF(4)sIRUA(4)4+1IX(485)+1Y(485)¢12ZX(485)
COMMON 1ZGY(21427)¢IXS(86)+1YS(86)+1ZXT(86)+1XQ(86)+1YQ(8B6)
* 1ZXQ(86)
INTEGER DATE+SDATE+T+DsP
DIMENSION NH(11)sT(22)+D(22)sND(28) +NS(28) sMMM(9) +P(22) W (22)
DDTR=e0174532925E-3
905 FORMAT(1H )
754 FORMAT (44HMOUNT SECTIONAL MAPs SET AT 6 LINES PER INCH )
< e e e SEARCH RAOB TAPE
3 READ(1) DATE
IF(DATE(1) eEQe9999)51 44
51 WRITE(59¢752) SDATE
752 FORMAT (4A4+48H NOT ON RAOB TAPE+MOUNT CORRECT TAPE ON 1+HIT GO)
REWIND 1 $ PAUSE 2222 $ REWIND 1 $ GO TO 3
4 IF(DATE(1)eNEeSDATE(1)eOReDATE(2) eNE«SDATE(2) e OReDATE(3)eNEe
2 SDATE(3)eOReDATE(4)eNE«SDATE(4))823+¢5

823 READ(1)
GO TO (3+823)+EOFCKF (1)
c s e sREAD RAOB DATA
5 NOS=0

12 DO 812 L=1+6
812 P(L)=0
813 READ(1) ISTNe(NHCI)sTCI)eD(I)sND(I)eNS(I)el=1e11)s (MMM(J) o
1 J=199) s (P(K)sT(K) sDIK) sK=T7921) 9 (ND(L) +NS(L)sL=12+28)+LAD+LOD»
2 IHS+LAMBDA+.BETA+ 1150
GO TO (1004+13)+EOFCKF (1)
13 IF(1150EQe47B)813+410013
10013 IF(NH(1)eEQe32767e¢0ReD(1)eEQe32767)813414
14 P(1)=NH(1)
LX=P(22)=P(1)-100
MLEV=850
IF(LXeLTe850)817¢816
817 MLEV=700
IF(LXeLTe700) 818¢816
818 MLEV=500
816 IF(I1150e6LEeMLEV)333+813
333 DU22)=32767
IF(P(1)el.Ee850)15416
16 IF(P(1)elLE«1000)17418
18 P(2)=1000
17 P(3)=850
15 P(4)=700
P(5) =500
DO 19 I=1+21
IF(P(])eEQe32767¢0ReD(1)eEQe32767)20s21
20 P11 )=0
GO TO 19
21 IF(P(1)eEQe0)19e22
22 IF(P(1)eEQeP(22))22019
23 P(22)=0
19 CONT INUE

(& s e e ARRAY PRESSURES IN DESCENDING ORDER
24 DO 25 1=1+21
K=22-1

DO 25 N=1.K
19



IF(P(N)eGTe0)264¢27
26 IF(P(N+1)-P(N))25¢284+27
28 P(N+1)=0
GO TO 24
27 NSV=P(N+1) $ P(N+1)=P(N) $ P(N)=NSV
NSV=D(N+1) $ D(N+1)=D(N) % D(N)=NSV
25 CONT INUE
DO 29 K=1+22
IF(P(K)eEQeO) 30431
31 IF(P(K)elLTe500)304+29
29 CONT INUE
NL=22 $ GO TO 32
30 NL=K-1
32 DO 33 IPA=1.NL
IF(P(IPA) eEQel . X)34¢33
33 CONTINUE
34 IF(D(IPA) eNEe32767)36¢37
37 DLP=P(IPA-1)
D(IPA)=D(IPA-1)+(D(IPA+1)-D(IPA-1))*(ALOG(DLP/P(IPA))/
* ALOG(DLP/P(IPA+1)))
36 DO 35 K=141PA
VAP=6¢108*¥EXP((17269388%D(K))/(2373+D(K)))
35 WIK)=(622%VAP)/(P(K)-VAP)
eeoo INTEGRATE TO FIND WBAR
WBAR=0,0
DO 38 K=2+1PA
38 WBAR=WBAR+ (W(K=-1)4+W(K))*¥(P(K=-1)-P(K))
WBAR=005*%¥WBAR
IF(WBARGT 635e s OReWBARLE Qe ) 1242780
2780 CONTINUE
oo e COMPUTE STATION COORDINATES
RA=62508263%LBETA¥COS(LAD*DDTR)
DLO=1E-S*LAMBDA
NOS=NOS+1
IXQI(NOS)=1IXS(NOS) =RAX¥COS(DLO)
IYQ(NOS)=1YS(NOS)=RA%XSIN(DLO)
I1ZXT(NOS)=WBAR¥100e+¢5
I1ZXQ(NOS)=W(1)¥1C0e+e5
GO TO (39+12)¢SSWTCHF (2)
39 RRR=WBAR/W (1)
PRINT 9COs ISTNs IXQ(NOS) s IYQI(NOS)sP(1)eD(1)eWBARsW(1)RRR
900 FORMATI(IH ¢154316415¢3F862)
GO TO 12
RAOB COMPUTATIONS COMPLETE
100 NRAOB=NOS
NACT=NSFC+NRAOB
CALL SORTOB(IXSsI1YSeI1ZXTeNRAOB IXOs IDX)
CALL SORTOB(IXQelYQesIZXQeNRAOB s 1XOs IDX)
NWEGS=NWEG $ NWEG=100
DO 150 L=1+NRAOB
LSUB=NSFC+L "
IX(LSUB)=IXQ(L) % IY(LSUB)=1YQ(L)
150 I ZXCLSUB Y =—1 ZXQL 12
CALL SORTOB(IXeIYesIZX«NACTeIXOsIDX)
CALL BOBAN(IXeIYesIZXeIZGYIsNACT + IRSF «NOPSF+0)
NWEG=NWEGS
GO TO(10150410152) ¢« SSWTCHF (1)
ee o PRINT ANALYZED SFC MIXING RATIOS

20



1U150

8101

QU6

102
902

203

8102
10152

WRITE(594754)
PAUSE 1234

DO 8101 L=1+5

PRINT 9US

PRINT 906+ (1ZGY (1 eL) oL =1sNJ)

FORMAT(1H +14+261%)

DO 1062 1=24NI

PRINT QU2¢ (1ZGY (1) sL=1sNJ)

FORMAT (/1HUs 14+2615)

PRINT 911+DATE « ( IRSF (L3 sL =1 +NOPSF)
FORMAT(/1HCe 19H SFC MIXING RATIOS +4A445Xe415)
DO 8102 L=1415

PRINT 905

CONT INUE

END
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10
11
12
13

14

22

21

23

SUBROUTINE SORTOR(IXeIYsIZXeNOSeIX0Os IDX)

s e o PREPARES DATA IN BANDS OF

DIMENSION IX(1)elIY(1)eIZX(1)
NOSM=NOS-1

DO 1 I=1+NOSM

15=1

IMX=IX(1)

K=l+1

DO 2 J=K«+NOS
IF(IMX=IX(J))2e2+¢3
1S5=J

IMX=1IX(J)

CONT I NUE
IF(IS=1)44144
IX(IS)=IX(1)
IX(I)=IMX
IMX=1Y(IS)
IYOIS)=1Y (1)
IY(]l)=IMX
IMX=T1ZXC(1S)
1ZX(1S)=1ZX(1)
1ZX(1)=1IMX

CONT INUE

eeeSORT ON 1Y IN BANDS OF 1DX
IFLIXE1 =1 XOYSNE 6

I X1 =1XO—IDX*¥(1+CIXO-1X(1)-1)~21DX)

GO TOL 7
IXI=IXO+IDX*¥((IX(1)-1I1XO)/71DX)
I1s=1

N=0

IXB=IXI+1IDX

IE=1S

IFU(IXCIEY~-IXB) 1213913
IE=LEL

IF ¢ ILESNOSY 1:1 s 1 Eall'S
JiEe="1 ===}
IECIS=TE) 14 ¢15%15
ITEESTE=]

eeeSORT ON 1Y

DO 20 1=1SIEE

1Q=1
IMX=1Y (1)
K=1+1

DO 21 J=KslE

LE CIMX=TYiCU) Y2 o2 022
1Q=J

IMX=1Y(J)

CONT INUE
IFCIQ=1)23+20.23
IY(IQ)=1Y(D)
IY(l)=1ImMXx
IMX=1IX(1Q)
IX(IQ)=1X(1)
IX(I)=1IMX
IMX=1ZX(1Q)
I1ZX(1IQ)=12ZX(1)

IDX FOR BOBAN
¢2eSORTS ON IXs THEN 1Y IN BANDS OF

22
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EEONE O O QRO &

1000

1010
2000

10

SUBROUTINE BOBAN(IXeIYeIZXeIZGXsNOSsIR«NOPoLLL)

INMAN 4,/28/69

e e e BANDED OBAN VERSIONee sMISSING DATA PROVISION

eeelLL=0s !ZGX ZEROED

eeelll=1¢ INITIAL VALUES FOR [ZGX PROVIDED OUTSIDE SUBROUTINE
ee o VERSION FOR POSITIVE VALUES ONLY

eeelZX HOLDS OBS AND IS UNCHANGED

eselZH HOLDS DEVIATION

eeoeICA HOLDS ANALYZED VALUE OF EACH STATION

ee s NEGe IZX ARE GIVEN A WEIGHT OF NWEG AND I1ABS(1ZX) IS USED
DIMENSION IX(485)+1Y(485)+1ZX(485)4¢1Z2GX(21¢27) s
*¥IR(4)+1ZH(485) + ICA(485) s ICALL(485) ¢ JCALL(485)+1P0S(55)+1POE(55)
COMMON NI eNJsIDXs IDY o IXFOsIYFOsIXOeIYOWIXGP(21)eI1YGP(27)
COMMON NWEG'NSFC{NQAOBONOPSF'NCPUAOKOUT(4)

IF(LLL)Y2000Us 100042000

DO 1U1IC J=14NJ

DO [ 101:0 (L= 1. N

1ZGX (1 eJ)=0

NNS=2

IFCIX(1)=1X0)1+2+2
IXI=1IXO-IDX*(14+(IXO~-1IX(1)-1)/1DX)
GCONNO, '3
IXI=IXO+IDX*¥((IX(1)=1XO)/1DX)
ICONST=(IXC-1IX(1))/1DX+1
NBAN=0

1S=1

IXB=1XI+1DX

IE=IS

IFCIXCIED = IXB)6s Ty 7

IE=TE+]1

IFLIE=NMOS)Y S5+ 10
IF(IS—-1IE)B+94+9
1S=0

NBAN=NBAN+ 1
IPOS(NBAN)=1S
IPOE(NBAN)=1E~-1

I1S=1E
IXB=1XB+1DX
GO S

NBAN=NBAN+ 1

IPOS(NBAN)=1S

IPOE(NBAN)=1E-1

eeeNR IS THE RADIUS FOR STATIONS OUTSIDE THE GIRD
NR=300

NR2=NR*¥NR

LOCATES GRID SQUARE CONTAINING OBSERVATION STATION

18
157
19

DO 5U K=1eNOS
IF(IX(K)=-IX0)16417418
FEGEXCED =T XFO). 17Tl 6916

LE (YUK =1 ¥0) 1681519

ITEC LY S RY 00 15 1 6vil'6

e« STATION IS CUTSIDE GRID

ICALL(K) =999

GO TO S0

I CALE € =i+ 0 1 XK ) =TXO )./ TEDX
JeALE (k=4 £ 1T YUKl YO ) 7 TRy
CONT INUE
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@ IN

14

1020
& IN
1030

10022

516

10524

925

526

536

H637

636
638

524

ITIALIZATION OF ARRAYS FOR GRID
DO 14 K=1+NOS

ICA(K)=0

IZH(K)=TABS(IZX(K))

DO 199 L=1sNOP

KR=IR (L)

IR2=KR#*KR

JGRDL=KR/IDX
IF(LLL)1030+41020+1030
IF(L—-1)1030+23+1030
TERPOLATION

DO 22 K=1sNOS

IF (1 ZX(K)-32767)10022v22+22
IXK=1IX(K)

IYK=1Y(K) ‘
IF(ICALL(K)=999)52+516+52
CALCULATE DEVIATION AT STATICN WHEN STATION IS OUTSIDE GRID

1Al =0

1A2=0

DO 524 1= 1+NOS
IF(IZX(1)=32767)10524+524+10524

M1=1ABS(IXK=-IX(I1))
IF(MI-NR)S525+524+524
M2=1ABS(1YK=-1IY(I))
IF(M2-NR)526+524+524
M3=M1¥M1+M2*M2
IB1=NR2-M3
IF(IB1)524+524¢536
B2=NR2+M3

IF(IZX(1))637:.636:636
Kw=(1B1/B2) *NWEG
GO TO 638

Kw=(1IB1/B2)%100.

IAlI=TA1+KW*IZH(I)

1A2=TA2+KW

CONT INUE
ICA(KD)=(ICA(K)Y+TIA1/ZIA2+IABS (1ZX(K) ) )2
GO TO 22

C CALCULATION OF DEVIATION WHEN STATION IS WITHIN GRID

52

22

1U948
10950

TES

M=TCALL(K)
N=JCALL(K)
M1=IXK-=IXGP (M)
M2=1YK—1YGP (N)
1Z1=1ZGX(MsN)
1Z2=12ZGX(MeN+1)
1Z4=12ZGX(M+1 «N)

ICAUKY=TZ]14+((MI¥CTZ4=12Z1) )/1DX+(M2* (1Z2—-1Z71))/1DY+
1 (((M]I¥M2)/IDX) ¥ (IZCX{M+1 sN+1)-1Z24+121-1Z2))/1DY)
CONT INUE

DC 950 K=1+NOS

[ZH(K)=TABS(IZX(K))=ICA(K)

IF(IZH(K)=-32767)10948+9504+10948
IF(IABS(IZH(K))=KOUT(L))950+9504+ 10950
WRITE(S59¢T78)IX(K) o IY(K)ob s I ZX(K)

1 ZX =3 2767

1ZH(K)=32767

FCA(K)=0

FORMAT (1XsBHDATA AT +2110¢2Xs17HREJECTED ON PASS s11s2Xs9HVALUE

25



Wi A5
S50 CONT INUE
C ee e BAND VERSION FOR ANALYZED VALUE AT GRID POINTS
23 DO 198 J=1sNJ
IYK=IYGP(J)
DO 198 1=14sNI1
JR=KR
JR2=1R2
IGRDL=JUGRDLL
IXK=IXGP (1)
1136 1A1=0
1A2=0C
NN=0O
IONE=10C
IBGRD=1+1CONST
I1BT=1BGRD-1GRDL
1BB=1BGRO+ IGRLL -1
IF(IBT)Y4C0«4C0+401
400 [F(IBB)198+198+402
402 1BT=1
401 IF(IBB-NBAN)4C5+405+404
404 [BB=NBAN
405 DO 410 KB=IBT.1B88B
1S=1POS(KB)
IF(1S)41044104411
411 IE=IPOE(KBE)
NB3=0
DO 424 K=1S+l1E
IF(IZX(K)=32767)10024+4244+10024
1Uu29 M1=1ABS(IX(K)-IXK)
IF(M1I=-UR)4254430+430
425 M2=1ABS (I Y (K)—I1YIK)
IF(M2-JR)426+430+430
426 M3=M1%*M1+M2%*M2
1Bl =JR2-M3
IF(IB1)424+424 4436
436 B2=JR2+M3
IF(IZX(K))737¢736+736
737 Kw=(1IB1/8B2) *NWEG
IONE=NWEG
GO« TO 738
736 KW=(1B1/B2)%100e
738 1A1=1A1+KW*]ZH(K)
1A2=1A2+KW
NN=NN+1
NB=1
GO TO 424
430 IF(NB)Y4244+:4244410
424 CONT INUE
417 CONT INUE
TWO STATIONS ARE REQUIRED WITHIN JR ON FIRST SCAN ONLY
IF(NN—=NNS) 3984201 ¢201
201 [IF(NN—-1)198¢202+200
S NC STATIONS WITHIN JUR-INCREASE JR AND TRY AGAIN
398 JR=JR+1DX
JR2 =JUR*IR
IGRDOL=1IGROL+1
GO O H36

(&)
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20
202

27
198

199

IF(1A2)398+398+.27

1A2=10NE
1ZGX(19J)=1ZGX (1 J)+1AL1/1A2
CONT INUE

NNS=C

CONT INUE

RETURN

END
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PROGRAM F INAL
INTEGER DATE«SDATE
DIMENSION 1ZGX(21+27)
COMMON NI sNJs IDXsIDY o IXFOsIYFOsIXOeIYOsIXGP(21)s IYGP(27)
COMMON NWEG+NSFC s NRAOB s NOPSF s NOPUA s KOUT (4)
COMMON DATE (4) sSDATE(4) s IRSF(4)sIRUA(4)+1X(485)+1Y(485)+1ZX(485)
COMMON IZGY(21+27)+1XS(86)+1YS(86)+1ZXT(86)+1XQ(86)sIYQ(BE)
*  1ZXQ(86)
@ eeeSET CONTOURING SYMBOLS
COMMON/DATA/KALP(16)
DATA (KALP=1HAs1H ¢ 1HBe13(1H ))
C eee INTERPOLATE A VALUE OF WZERO FOR EACH UA STAT I1/S GRID
NACT =NSFC+NRAOB
DO 120 L=1+NRAOB
IXT=IXQ(L) % I1YT=1YQ(L)
IF(IXTelTelXO0aORe IXTeGToIXFC)1214122
122 IF(IYTeLToelYOeOReIYTeGToaIYFO)1214+123
123 M=(IXT—-IX0)/IDX+1 $ N=(IYT-1YO)/IDY+1
M1=IXT-IXGP(M) $ M2=1YT~IYGP(N)
1Z1=1ZGY{(MsN) $ IZ2=1ZGY(MsN+1) $ [Z4=1ZGY(M+1+N)
NZERO=1Z14+( (M1 ¥ (1Z4-1Z1))/1DX+(M2%(1Z2-1Z1))/1DY+
*  (((M1%¥M2)/IDX)*(I1ZGY(M+1sN+1)—-12Z4+1Z1-1Z2))/1DY)
1ZXQ(L)=(1ZXT(L)*1000)/NZERO
GO TO (125+170)¢SSWTCHF(2)
125 PRINT 9014IXQ(L)sIYQ(L)s!ZXQ(L)+NZERO
901 FORMAT(6H WZERO+417)
GO/.TO 170
121 IZXQ(L)=(IZXT(L)*1000)/1ZXQ(L)
170, IFE (1 ZXQ0L) «GCle 125011 71is172
171 1ZXQ(L)=1250 $ GO TO 120
- 172 IF(1ZXQ(L) eLTe500) 1734120
173 1ZXQ(L)=500
120 CONT INUE
c oo ANALYZE THE RATIOS (1ZXQ)
DO 10120 J=1+NJ
DO 10120 1=1eNI
10120 1ZGX(1+J)=900
CALL BOBAN(IXQsIYQsIZXQs1ZGXsNRAOBs IRUAsNOPUAS 1)
DO 10125 J=1sNJ
DO 10125 1=1.NI
IF(1ZGX(I1+4J)=-500)10122+101254+10125
10123 1ZGX(14J)=500
10125 CONT INUE
GO TO (126+127)«SSWTCHF (1)
126 WRITE(59,754)
PAUSE 1234
754 FORMAT (44HMOUNT SECTIONAL MAPs SET AT 6 LINES PER INCH )
CALL PRTFLD(IZGXeNIsNJ)
PRINT 9U2+DATE s ( IRUA(L) s+L=1sNOPUA)
902 FORMAT(/1HO+36HRATIO OF MEAN AND SFC MIXING RATIOS s4A4+5X+415)
DO 128 L=1+15
128 PRINT 903
903 FORMAT(1H )
127 CONTINUE
c ees INTERPOLATE A RATIO FOR THE SFC STATIONS
LS=0
DO 136 L=1sNACT
I CEZX T o0 ORI ZX L NS EQ32 76T 36137
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137 LS=LS+]
IXT= IXTLY ' Pyl =1N
M=(IXT=IXO)/IDX+1 % N=(IYT=-1YO)/IDY+1
MI=IXT-IXGP(M) 3 M2=1YT=-1YGP(N)
1Z1=1ZGX(MsN) $ 1Z2=1ZGX(MsN+1) & 1Z4=1ZGX(M+1+N)
NRAT=IZ1+((M1%¥(1Z24=-12Z1))/1DX+(M2%(12Z22-1Z21))/1DY+
* (((M1¥M2) /IDX)*¥(1ZGX(M+1sN+1)=1Z4+1Z1-1Z22))71DY)
1ZX(LS)=(1ZX(L)*¥NRAT+500)/1000
IXAILS)=IX(L) S IXCLS)STY Cly
136 CONTINUE
(& ees s MOVE (WBAR)UA INTO LIST
DO 138 L=1+NRAOB
LSUB=NSFC+L
IX(LSUB)=1XS(L)
I Y{LISUB)Y =1 ¥SULEYR
138 1ZX(LSUB)Y==TZXTHEY
GO TO (4004401 )SSWTCHF (2)
400 PRINT 920« (IX(L)sIYI(L)IZX(L)sL=1sNACT)
920 FORMAT (4H *%%43110)
401 CONT INUE
C ee s COMPUTE WBAR FIELD BY MULT OF GRID PTS OF WZERO AND RATIO
129 DO 13U I=1eNI
DO 130 J=1+NJ
130 1ZGX(1eJ)=(1ZGY(I+sJ)*IZGX(]+J)+500),71000
GO TO(10129+141)«SSWTCHF (5)
10129 CALL PRTFLD(IZGXsNIsNJ)
PRINT 904 +DATE
904 FORMAT(/1HOs 18HMEAN MIXING RATIO +4A4)
DO 131 L=1%1S
131 PRINT 903
141 CALL SORTOB(IXeIYsIZXsNACTsIXOsIDX)

(2 MEAN MIXING RATIO
CALL BOBAN(IXeIYsIZXesIZGXaNACT s IRSF +NOPSF 1)
DO 2000 I=1eNI

DO 20C0 J=1sNJ
2000 IZGX( 1+ J)=(1ZGX(14J)+5)/710
DO 2001 K=1+5
2001 PRINT 903
CALL CONTURI(IZGXsNIeNJ+s60+40+KALP)
PRINT QIOQDATE!NWEG'(lQSF(L)OL:]!NOPSF)
910 FORMAT(/1HUe47HMEAN MIXING RATIO IN 100MB THICK SURFACE LAYER »
HL4AL e SXsSHNWEG=+[5e5Xe415)
DO 142 L=1+18
142 PRINT 903
GO TO(16U150)SSWTCHF (4)
160 NWEG=100C
CALL BOBAN(IXSeIYSeIZXTe[ZGYsNRAOB« IRUASNOPUASQ)
DO 9923 J=1eNJ
DO 9923 I=1asNIl
9923 1ZGY(Lsd) =t1ZG¢C eI +537 10
CALL PRTFLD(IZGYsNIsNJ)
PRINT 913«DATEs (IRUA(L) sL=14+NOPUA) + NRAOB
913 FORMAT(/1HUG«21HMEAN USING RACE ONLY 15X 14A4+5Xe415e2Xe15)
DO 162 L=1+15
162 PRINT 903
DO 163 1=1+NI
DO 163 J=1+NJ
163 1ZGX(14J)=1ZGX(1eJ)—=1ZGY(IsJ)
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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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OO0 O0N 00

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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06O 00

3900

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

33



TECHNICAL CIRCULARS
NATIONAL SEVERE STORMS LABORATORY

The National Severe Storms Laboratory, Norman, Oklchoma, in cooperation with other government groups,
and with units of commerce and education, seeks to increase understanding of severe local storms, to improve
methods for detecting these storms and for measuring associated meteorological parameters, and to promote the
development and opplications of weather radar.

This series provides an informal medium for quickly communicating the work of the Laboratory to interested
groups. Reports in this series are not necessarily reviewed prior to printing by authorities outside the Laboratory,
and comments on the work are welcomed.

These reports may be requested from the Director, National Severe Storms Laboratory, 1616 Halley Avenue,
Norman, Oklahoma 73069.

PREVIOUS PRINTINGS IN THIS SERIES

Numbers 1, 2, and 3 in this series are titled Technical Memoranda - the name was changed when that title
was adopted by ESSA for a less informal series describing studies at the ESSA Research Laboratories.

No. 1 "Weather Detection by ARSR-1D, ASR-4, and WSR-57 Radars; A Comparative Study, "

by K. E. Wilk, J. T. Dooley, and Edwin Kessler, March 1965.
No. 2 "A Weather Radar Signal Integrator," by Roger M. Lhemitte and Edwin Kessler, May 1965.
No. 3 "Papers on Radar Meteorology and Severe Storms," Papers prepared by NSSL Staff for the

12th Conf. on Radar Meteorology, August 1966.

No. 4 "Weather Radar Data Systems at the National Severe Storms Laboratory," by Kenneth E. Wilk,
Walter L. Watts, Dale Sirmans, Roger M. Lhermitte, Edwin Kessler and Kathryn C. Gray,
October 1967.

No. 5 "Report on the Results of Tests Conducted with the Humidity Element of the Friez Hygrothermo-
graph Model 594," by C. H. Meeks, September 1968.

No. 6 " Probabilistic Models for Radar Echo Distributions and Their Relations to Turbulence Encounters
by Aircraft," by Edward A. Newburg, October 1968.

No. 7 "Application of Constant-Volume Balloons for Determining Air Divergence and Trajectories, "
by Edward A. Jessup, December 1968.

No. 8 "Engineering Report on the Pulse Doppler X-Band Radar at the National Severe Storms
Laboratory," by Dale Sirmans and John Carter, December 1968.

No. 9 "Tests of Airborne Contour-Mapping Radar," by Lester P. Merritt, June 1969.

No. 10 "Operational Objective Analysis Schemes at the National Severe Storms Forecast Center, "

by Rex L. Inman, February 1970.



	Objective Analysis Of Mean Moisture Aloft Utilizing Radiosonde and Surface Data
	PREFACE
	TABLE OF CONTENTS
	ABSTRACT
	INTRODUCTION
	RELATIONSHIPS BETWEEN SURFACE HUMIDITYAND VERTICALLY INTEGRATED MOISTURE
	ANALYSIS PROCEDURE
	APPLICATION OF THE ANALYSIS PROCEDURE
	REFERENCES
	APPENDIX



