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1.10 EWMONCEIGI

Most atmospheric analysis routines and numerical models require

water vapor Information to be input at specific atmospheric levels.

lowever. whoa water vapor data are minimal It may be necessary to rely

on total preoipitable water values as the only moisture information

available. Such a condition is especially likely to occur over the

oceans, where all upper-air data are scares. The analyst then faces the

problem of assigning values of mixing ratio (or some related quantity)

to specific levels of the atmosphere based on an approximation to the

integral of water vapor over all levels.

Several papers have discussed the relationship between precipitable

water and surface dew point temperature. hmith (1P66) Suggested that

the mixing ratio profile can be represented by the power law

0 

where w is mixing ratio, p is pressure, 1% is an empirically derived

constant, sad the subscript o *efers to the surface. Equation 1 can be

used to relate presipitable water to w at all levels. While X. is
i For

cmputed for a given latitude and season, the solution for V is .&%
constrained to a power law distribution. 1335
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2.0 R ZhVWCI APUOAM'

An alternative method may be used to relate total water to mixing

ratio at specific levels. This method is based on omuputing the

mpirical orthogonal functions (eigenvotors) of mixing ratio profiles.

Given a data base of profiles for a particular latitude baud and season,

eigeanvectors an be computed whioh represent the basic modes of vertical

variation in water vapor. The first eianvector represents the primary

node, which describes how variations in total water translate into

mixing ratio profile variations. Kendall (1975) gives a complete

discussion of eigenvectors and the associated principal components.

Vachtmann (1975) lives an example of the use of eigenvectors to

represent atmospheric profiles.

Any mixing ratio profile vector w can be represented as a linear

combination of the eigenvectors and a vector o of coefficients.

IV M +  11'''

where is a square matrix with each colmen composed of one oigenvector,

and wm is the mean mixing ratio profile. If we ignore all minor nodes

of mixing ratio variation, we can approximate z using only the first

eisnvector a and its corresponding coefficient e

I Z + so (3)

From 3quation 3 it is clear that an approximation to the miziag

ratio profile can be obtained by finding the appropriate oeffiieont s,

a,. ,

a- ,%.
a ....... . .. . .. . .. . . .. .--... **-*
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livea that the first igeavector ad the mesa profile are specified ia

:-: advaace.

Us. remaining task is to show how c oa be determined from

-- .proeipitablo water U. Procipitablo water is defined as

" 1"

wdp. • -(4)

~0

S If the trapezoidal apjsroximatioa Is sed far the integral then this

becomes
i-oi :i'.i

Kwhere V (Vi + wj...)IZs APi - -1 ad L is the amber of levels

at which measuromeats are made. Substitatiag from 3kisatioa 2 gives

o..'

L

Si-i( i + Val,)Api,(6

where 0 ad v are defined similarly to wV Solving fer e gives

L ..

whisk ca be writtemn s

6-.

b .,9,
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siluea X v Ap~ ad b X Y 1 pi are constants for a gives latitude

band and season. The water vapor profile earn thus be easily

approximated from procipitable water by using Equation I sad then

p Equation 3.

3.0 RESULTS

The mixing ratio meas and the first eigenvoctors were computed at

the six madatory levels for five domairns of season ad latitude using a

data base of oceanic radiosoad. measurements of mixing ratio. Table 1

defines the five domains and gives the omputed values of a and b. The

first oigeavectors are given is Table 2 and the mean mixing ratios are

given in Table 3.

Table 1. The five domains for computation.

Nubr in a - b
DomainCC Latitude Seasoa* Data Base (kg87 -n 2) (kpa)

0-p

1 - 7R 30 S-30%N All 173 680.2 42.50
2 - MLS 30on-60 0N Sumter 184 508.1 41.90
3 - iLW 30a'-60*N Wiater 55 325.9 36.08
4 - PO8 600-904*4 Sumer 97 255.7 49.47
5 POW 600o-90"0N Winter 116 137.8 38.34

*Smner - 1 May - 31 October. Winter - 1 November -30 April p
OM Tropical, ML - Kid-latitude. PO - Polar

Table 2. First Eigenvectors.

Pressure Level (kPa) Explained
Domain 30 40 s0 70 85 100 Variance M~)

*1 - U .011 .038 .099 .302 .545 .775 79
2 - MIS .009 .031 .083 .285 .573 .763 77
3 - ILl O00S .036 .073 .127 .540 .828 70
4 - FOS .003 .059 .148 .433 .670 .582 75
5 - POW .000 .013 .053 .244 .525 .813 88
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Table 3. Nas Mixing Ratios (S/kg)

Pressuro Level (kPa)
Domain 30 40 s0 70 85 100

1 - 71 .22 .63 1.45 3.96 9.08 13.91
2 - IL8 .19 .59 1.17 3.18 6.30 10.47
3 - NLW .15 .47 .87 1.77 4'03 6.97
4 - P08 .09 .36 .76 1.91 3.04 4.39
5 - POW .02 .13 .33 .97 1.75 2.56

The mean mixing ratios and the eigenvectors can be compared using

the graphs In Figures 1 and 2, respectively. As expected, there is more

total water ismer than in winter, and more in lower latitudes. For

each domain the first sigenvector shows the vertical distribution of

.mixing ratio variance within the first mode of water vapor variability.

The influences of the means and eigenvectors for the five domains

are demonstrated by the curves in Figure 3. IkTe prof iles shown were

derived by solving Uiuations 8 and 3 for an arbitrary value of U -2.22

g/OE2 and using the appropriate values of ~,ja. b for each domain.

Note that the shapes of the polar smmer and winter (POB and POW)

profiles are unrealistic in this case because 2.22 cm is a very high

value of precipitable water for the polar region. The profile shapes

are actually a different function of precipitable water for each domain.

4.0 COPUTIi PROGRM

A NRUANM computer program has been written which performs the

conversion of precipitable water values into approximate mixing ratio .

* profiles. All of the necessary coefficients are stored in the program,

so the only needed inputs are latitude, Julian date, and precipitable

water. The code is brief and includes ample documentation. The

Appendix to this report provides a program listing and ample output.
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Profile Domain Comparison
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Figure 3. Example Of a siagle value of total precipitobue water
(2.22 en) translated into a mixing ratio profile for
each of the five domains listed in Table 1.
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PROGRAM PWPOFLIINPUTOUTPUT.TAPES.INPUT.TAPE6.DUTPUT)

VALUE. THE COEFFICIENTS USED ARE SPECIFIC TO
**'*LATITUDE SAND AND0 TIMF OF YEAR.

**1000* VARIABLE IDENTIFICATION 000
*00** E a COEFICIFNTS OF THE FIRST EIGENVECTOR

*000*0 TOP a N4UMERATOR COEFFICIENT
0**00* DEN a DENOMENATOR COEFFICIENT

WM** aN MEAN MINING PATIO PROFILES
*S'*V a DERIVED MIXING PATIO PROFILE
****PV a PRECIPITASLE WATER
*'**ISESM a SEASON INDICATOR (WINTERnit SUMMERs-1)
****I a IDENTIFIES SEASONILATITUDE-SAND DOMAIN
****C a FIRST PRINCIPLE COIMPONENT

****** STORAGE ALLOCATION
DIMENSION TP5DEI)W(D)WGD(,IP8
DATA TOP/6SO.2,506.1.3259,9255.7,13?.S/,DEN/42.5O,41.9. 36.06.

+ 49.S7,36.341.Pl30.,40.,50..?0..65.,100.1
DATA VN1000 22.OOe43,01.'.5.03.96.09.08,13.91#

* 00.19.OO.59.01.17,03o1S.0b.30.10.47,
4 00*15#00*47#00.87#019?7#04o03#06o97o
# 00.09,00.36,DO.76,01.91,03.04.04,39,
+ 0.02,00.l3,DO.33.OO.9?.01.75,02.561
DATA El .011, 036. .099, .302, 545, .715,

+ 9009voO31#9O83#o.285#e5?3vs763#
* .05. .036, .073, .127 540. .626.

+ .003. .059,.146,.433#o6OO. .52.
+ 00 .01ve3. .053, .244. .525, .813l

****** WRITE A HEADER
VPITE(6#0S0)IPIL)o L61#6)

080 FORMATf"l"v"LATITUDE JULIAN PW(CMI.10Z.NIXZNG RATIO lGIKG)"
* 13XODAYP13GIFG.0,2X),"(-PPESSUPE (NPA)")

**** READ A DATA SET AND IDENTIFY CLASS
DO 420 Jwl. 500
RE AD I 5,110) PLAY, JDeY, P

110 FORMATI1XF..2,I1OFIOe2l
* IF(EOFI5).NE.OlGOTO 440

IS ES Nm-i
IFIIJOAY.LT.121).oP.IJDAY.GT.304))ISESN.1
IF(PLAToGEo0.ICOTO 210
PLAT--PLAT
ISESNw-ISESN

210 IFIPLAT*GT*3Oe)GOT0 220
1.1
COTO 290

220 IFIPLATs4To6OodCOTO 240
IF(ISESN@GE.O) GOTO 230
162
COTO 290

230 1.3
COTO 290

240 IF(ISESNoGE.O) COT0 250
104
GOTO 290

250 1.5
290 CONTINUE

So**** COMPUTE MINING RATIOS AND PRINT
Co(196.2*PW-TOPIII )/DENII)
DO 320 Lw1.6

NILE aWMN I L .)C#E ILfl
320 CONTINUE

YRITEI6*4101 PLAT.JDAYoP~sV.IVLI Ln1.8)

410 FORMATlIXoFG.2#t10,F20.2.eFe.2)

420 CONTINUE7;
*440 STOP

ENO
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LATITUDE JULIAN PijICKI PI X 144 I&TIO ISKGIDAY 30. 40. S0. 70? 00. to -4-ESSURE (XPA)10.44 10 3.53 .2? 964 1.46 4.05 9.24 14.1471.11 159 1.10 .09 .31 964 1.56 2.50 3.9263.39 309 1.14 .02 .16 .its 1.52 2.93 40352.36 149 4.11 .25 .74 1.74 4.0 10.70 16.2132.26 19? 3.39 .22 .71 1.45 4.25 6.45 13.33
3M.1 349 2.45 *17 o62 1.16 2.31. 6.35 10.52
42.,8 250 2.22 *1? .54 1.03 2.69 5.31 9.1535.24 111 2.22 01? .55 1.09 2.16 5.67 904962.86 zoo 2.22 .10 .57 1.30 3.46 5.47 6.5062.66 20 2.22 .02 .23 .74 2.57 5.63 6.67
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