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1,0 INTRODUCTION

. Most atmospheric amalysis routines and numerical models require
water vapor information to be input at specific atmospheric levels.
Howevez, whea water vapor data are minimal it may be necessary to rely
on total precipitable water values as the only moisture information
available., Such a comdition is especially likely to occur over the
oceans, where all upper—sir data are scarce. The analyst then faces the
problem of assigning values of mixing ratio (or some related quantity)
to specific levels of the atmosphere based on am approximation to the
integral of water vapor over ail levels. Em

Several papers have discussed the relationship between precipitadle
water and surface dew point tempersture. Smith (1966) suggested that
the mixzing ratio profile can be represented by the power law

- 5 XV
v 'o(’o) » (1)

vhere v is mixing ratio, p is pressure, A is an empirically derived

coastaat, sad the subsoript o refers to the surface. Equation 1 can be

used to relate precipitable water to w at all levels. While A is TFor
Y
computed for a given latitude and season, the solutiom for w is Al E

a
constrained to a power law distribution. . .ced a
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i 2.0 RIGENVECTOR APPROACH
"3;' An alternstive method may be used to relate total water to miziag
) ratio at specific levels. This method is based on computing the
- empirical orthogonsl funotions (eigenvectors) of mixing ratio profiles.
- Given a data base of profiles for a particular latitude band and season, ¢
-‘_Ef- eigenvectors can be computed which represeat the basic modes of vertical
'-f::'- variation in water vapor. The first eigemvector represents the primary
_J mode, which describes how variations in total water translate imto
mixing ratio profile variations. Kendall (1975) gives a complete
discussion of eigenvectors and the associated principsl components.
Wachtmann (1975) gives an example of the use of eigeavectors to
represent stmospheric profiles.
Any mixing ratio profile vector ¥ cam be represented as s linear
i combination of the eigenvectors aad s veotor ¢ of coefficients.
o
-
- where E is a square matrix with each colwma composed of ome eigeamvector,
and ¥ _ is the mean mixing ratio profile. If we ignore all minor modes
of mixing ratio variation, we can approximate ¥ using oaly the first
eigenvector ¢ and its correspondiag coefficieat o
b )
BN
'I,'. .‘;'..-_'
From Equation 3 it is clear that aa approzimation to the mizxiag j~'_l‘,-'_
- zatio profile ean be obtained by fiadiag the sppropriate coefficient o, :_,_
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siven that the first eigenvector and the mean profile are specified in

advance.

The remaining task is to show how ¢ can be determined from

precipitable water U, hocipitaﬂo water is defined as

55 @

If the trapezoidal approximation is used for the iategral thea this

becomes

vadss
-2y wAp
Bjog 174 (s)

vhere ¥, = (w, + w;_1)/2; Ap, = P; ~ Py_3, 624 L 1is the mumber of levels

st wvhich measurements are made, Subdstitutiag from Equatioa 3 gives

it =
U= = (.ic + '.‘)AP“

8.0y O]

vhere :i and ;.‘ are defized similarly to :‘. Solviag for ¢ gives

L_
U- Xw .Ap
s ug M4
L -
RO n

which can be writtea as

,.;.n‘_.-_u (8)
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since s = Y yw Ap. snd b = X o Ap, are comstants for a given latitude
im] mi i i=1 i

band and season. The water vapor profile can thus be sasily
approximated from precipitable water by usiag Equation 8§ and then

Equation 3.

3.0 RESULTS

The mixing ratio means and the first eigenvectors were computed at
the six mandatory levels for five domains of season and latitude using a
data base of oceanic radiosonde measurements of mixing ratio. Table 1
defines the five domains and gives the computed values of a and b. The
first eigonvectors are given in Table 2 and the mean mixing ratios are

given in Table 3.

Table 1. The five domains for computstion,

Number in -.1 -2 b
Domain®® Latitude Season® Data Base (k! m"s“) (kPa)
1-T 30°3-30°N A1l 173 680.2 42.50
2 - LS 30°-60°N Summer 184 508.1 41.90
3 - Wmv 30°-60°N  Viater 55 325.9 36.08
4 - POS 60°-90°N Summer 97 255.7 49.67
5 - POW 60°-90°N Vinter 116 137.8 38.34

*Summer = 1 May ~ 31 October. VWinter = 1 November - 30 April
$¢TR = Tropical, ML = Mid-latitude, PO = Polar

Table 2. First Eigeavectors.

Prossure Level (kPa) EBxzplained
Domain 30 40 50 70 8s 100 Variance (%)
1-1R 011 038 099 .302 .545 178 79
2-MS .009 .031 083 «288 573 «763 77
3-Mv .00 .036 .073 .127 .540 . 828 70
4 - POS .003 059 .148 433 670 582 75
5 - m .000 .013 0033 024‘ .525 0313 "
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Table 3. Mean Mixzing Ratios (g/kg)

Proessure Level (kPa)
Domain 30 40 50 70 85 100

1-T 22 .63 1.45 3.9 9,08 13.91
- 2 - u..s 01, 05, 1.11 3.18 6030 10 041
$-mv .15 &0 87 1.77 4.03 6.97
4-POS .09 .36 76 1,91 3.04 4.39
3 s-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 in summer than in winter, and more in lower latitudes. For

each domain the first eigemvector shows the vertical distribution of
mizing ratio varisnce within the first mode of water vapor variability.
The influences of the means and eigenvectors for the five domains
are demonstrated by the ourves in Figure 3. The profiles shown were
derived by solviag Equations 8 and 3 for an arbitrary valus of U = 2-.22
.Ionz. and uwsiag the appropriate values of p_'.“;., a, b for each domain,
Note that the shapes of the polar summer and winter (POS and POW)
profiles are snreslistic in this case because 2.22 om is a very high
valus of precipitable water for the polar region. The profile shapes
are sotually a different functiom of precipitable water for esch domain.
4.0 COMPUTER FROGRAM
| A FORTRAN computer program has been written which pexforms the
conversion of precipitable water values into approximate mixing ratio
profiles. All of the mecessary coefficients are stored in the program,
so the oaly needed inputs are latitude, julian date, and precipitabdble
water. The cods is brief and includes smaple dooumentation., The

Appendix to this report provides a program listiag and seample output.
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A
N PROGRAM PWPROFL{INPUT,OUTPUT,TAPESSINPUT,TAPEGSOUTPUT)
:u ssee8s THIS PPOGRAM DERJVES A
" seeses *NOST PROBAALE® MIXING RATIO PROFILE FROM A PRECIPITABLE WATER
E ssesse VALUE. THE CNEFFICIENTS USED ARE SPECIFIC TO

*890¢% LATITUDE BAND AND TIME OF YEAR.

g

Lobbbbe VARIABLE IDENTIFICATION *ossse
eosess £ » COEFICIFNYS OF THE FIRST EIGENVECTOR

s8889¢ TOP = NUMERATOR COEFFICIENT

sessed DEN = DENOMENATOR COEFFICIENT

sessed WM « NEAN MIXING PATIO PROFILES

#8008¢ ¥ = DERIVED MIXING RATIO PROFILE

s9008s PN = PRECIPITABLE WATER

os649¢ ISESN = SEASON INDICATOR (WINTER=1l, SUMNER==1)

] $5506¢ 1 = IDENTIFIES SEASON/LATITUDE=BAND DOMAIN

. *8808¢ C o FIRST PRINCIPLE COMPONENT

- S200020808ES40SE LRSS P REERISRRRIRESNNEEEENNRESRIORENEERIREERE NSS4 400 440

(AT ...v‘

sh8e00 STORAGE ALLOCATION sese0s
o DIMENSION TOPUIS),DENIS),WM(655)sW(6)E(625)sP(6)
- DATA TOP/680.25508415325.99255¢75137.,68/-5DEN/42.50,41,90,36,08,
* 69,67538.34/5P/30.540.950.570.585.5100.7

DATA WN/00.22500463501:45,03.96509.08,13,91,
00¢1990065990141750318,006:30,10,47,
00413%500,47,00,875,01477504.,03,06,97»
00,09,00,36,00,76501.91503,04504,39,
00.02,00.13,00.33900.97501,75,02,56/

. DATA €/.011,.038,.099).3025.54%,.775,

o°°9l0°31)0°.3002350057303763D

00055 .0305.0735.1275.540,.028,

«0035.0599,148, 0‘33' .670' .Sllo

00005 401350.053,0244,,52%,.813/

SEEEBESESEN LN RER N RN CE SRS E SR IRE LR R VSRR NS 0 ARG SO S50 S¢S0 0SS S0 2S00 08

L 2K 2K 2K J

LR K 2N J

T, sse0ss WRITE A MEADER *se060e
- WRITE(6,080)1(P(L)s Lolyb)
080 FORMAT(™1",“LATITUDE  JULIAN  PWICM)",10X»"HIXING RATID (G/XG)"
+ 713X, ®DAY®, 23%56(F6.0s2X)y"<ompPPESSURPE (KPA)I™)
SER0EESRE SRR RSRNREEE AR CRSEERSREERANN NG ENEESRERNRFRGHESICSEE RSO SOS

LEE 222 READ A DATA SEY AND IDENTIPY CLASS Lad A dd
L~ DO 420 J=1,500
READ(S5,110)PLAT, JNAY,PH
110 FORMAT(1X,F6,25110,F10,2)
IFCEDF(5)NF.OIGOTN 440
ISESNem]
TFUCJIDAYLT 41210 ,0P{IDAYGT304))ISESNS]
IFI(PLAT.GE.0.)60TD 210
PLATe=PLAT
ISESNe=ISESN
210 JF{PLAT.6T.30.)60TD 220
1=}
6070 290
220 IF(PLAT,.6T,60.,160T0 240
IF(ISESN.GE.O) GOTD 230
=2
60T0 290
230 [=3
6070 290
240 {F(XSESN.GE.O) G0T0 250
[ L)
60T0 290
250 1e5
290 CONTINUE
A Al dd LA a4 Al L L I Ity Y L T Y Y Y Y LTI I LIy

AU

.
t S

2E9008 COMPUTE MIXING RATIOS AND PRINT 2800
Ce({196,2*PW=TOP(T))/DEN(I)
DO 320 Lelyo
WEL)oWMIL»TICOE(L I
320 CONTINUE
WRITELG6,410) PLAT,IDAY,PHoIN(L), Led,8)
610 FORMAT(1X»F6425110,F10,2,6F08.2)
420 CONTINUE
‘.t‘t'.‘tt‘.tt”.t‘.'.‘.00000‘0‘0.0.“'00"t“".o”‘..t‘tt‘...‘0.“‘0“'0.‘

440 STOP
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2? LATITUDE JULTAN PutCny PIXING PATIO (G/XG)
i DAY 30. 40, %0, 70. es, 100, <==PRESSURE (KPA)
10,64 10 3,53 22 o84 1.48 4,05 9,24 16,14
O 7111 1359 1,10 «09 31 1] 1.56 2.50 3.92
.o 63.39 309 le16 «02 16 %5 1.52 293 6.38
2.36 149 4.11 29 T4 1e74 4.0¢ 10.70 16.21
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T 20,00 280 2.22 ol6 1)) «88 2622 .94 Q.45
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