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.

MODEL FOR ESTIMATING METEOROLOGICAL PROFILES
FROM SHIPBOARD OBSERVATIONS

INTRODUCTION

Large quantities of shipboard meteorological observations made throughout the world
ocean over an impressive length of time are limited in nature and accuracy. But they provide
a marine climatological data base which would be too expensive to duplicate to obtain other
types of meteorological data subsequently needed but not specifically included in the data
base. One example of subsequent need is the statistical characterization of detailed humidity
and temperature profiles within the lowest 2 kilometers above the ocean surface. The rela-
tively small group of radiosonde data taken by various weather ships and researchers is un-
fortunately sparse in both a geographical and a statistical sense. There exists therefore a
need to invent a model which will provide an estimated profile of humidity and temperature
when given the standard set of shipboard observables. Profiles obtained with such a model
will be inferior to those observed directly by the use of radiosondes and are not intended to
replace them, only to supplement them in areas where sufficient profile measurements do
not exist.

The chief advantage is that profiles can be generated where no profiles have been mea-
sured and the results can be believed to within a certain degree of accuracy. One area of
interest in which such a model could be useful is the transmission of optical energy over
various nonhorizontal paths. Along these paths humidity estimates are valuable both for its
effect on molecular absorption of optical energy and in its effect on the growth of aerosols.

This report describes such a model and a method and data to test this model. The test
method can also be used on future models to ascertain their usefulness.

THE EMPIRICAL MODEL

The model divides the standard shipboard weather observations into essentially four
cases:

® fog,
® light precipitation,
® heavy precipitation, and

® no precipitation.

Manuscript submitted August 31, 1978.
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Characterization by the model of all but the last of these items is trivial in that present
values on the ship are estimated to exist at higher altitudes. In the last case, however, more
elaborate predictive methods are used.

An integer is delivered to the main calling program which gives a rough estimate of the
quality of the particular value being calculated. When many assumptions are made, the qual-

ity integer (IQ) becomes low or even negative. Values of 10 are considered reasonable
estimates.

The stability of the marine boundary layer is an important input to the model. The
measure of this parameter that is available to the model is the air/sea temperature difference.

In the no-precipitation case the following distinct classes of profiles are modeled:
® Unstable atmosphere with cloud cover greater than 25%,

® Unstable atmosphere with cloud cover less than 25%,

® Neutral atmosphere with cloud cover greater than 25%,

® Neutral atmosphere with cloud cover less than 25%,

® Stable atmosphere with a stratus deck, and

® Stable atmosphere with no stratus deck.

The particular class of model chosen depends on the sign of the air/sea temperature differ-
ence, which determines the stability, and the level and/or type of cloud cover reported. The
specific characterization of each of the profiles from any of these classes depends also on
the specific values of the other shipboard observables.

In the modeling, potential temperature and mixing ratio are chosen as the particular
meteorological pair of variables to describe the vertical thermal and vapor-loading character-
istics of the atmosphere because of their insensitivity to adiabatic processes. One limiting
feature of this model is that it is designed to describe only the layer of the ocean atmosphere
at or below 2 kilometers; thus attempts to use the model outside of this limitation may result
in severe errors.

The output of the model is relative humidity, absolute humidity, and air temperature
(all quantities which are used directly in propagation calculations). In making these estimates,
many conversions are required between various meteorological variables. Thus a number of
conversion functions and subroutines are required by the model to convert easily from one
set of parameters to another. These subroutines and functions (shown in the listing of the
program in the Appendix) use for the most part standard meteorological relationships.

Unstable Atmosphere With Cloud Cover Less Than 25%

In modeling the class of profiles identified as unstable atmosphere with cloud cover less
than 25% four levels are considered. Starting from the layer closest to the sea, they are

2
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® The superadiabatic layer,
©® The homogeneous layer,
® The transitional layer, and
® The cloudless cloud layer.

The extent of each of these layers varies according to the individual input parameters. The
unstable model is based on the description of the moist marine layer in the trade-wind zones
sketched by Roll [1].

Figure 1 is a conceptual representation of profiles of the potential temperature A and
the water-vapor mixing ratio r for this class of atmosphere. The first layer above the ocean
surface is called the superadiabatic bottom layer. In this layer the potential temperature and
mixing ratio obey a log-linear formulation, with the defining parameters being related to the
shipboard observations. The height of this layer above the sea surface is calculated by an
empirical formula fitted to a series of measurements made by Brocks [2]:

VA

1192 + 9691In(IT,;, — T, s 5<T,;, — Tyenr

=T.—T

air sea’

O<Tnir AR Tsen <5,

where Z“ is in meters and Teis and T, are the air temperature and sea-surface temperature
in degrees Celsius.

The meteorological parameters of 6 and r at any altitude Z within the superadiabatic
layer are computed from

02)= 00) + 0,(nZ320 + 48Z)
0
and
+Z
nZ) = r0) + r.[lnzz ° +48%).
0

In these formulas 8(0) and r(0) are the values of potential temperature and mixing ratio
computed from measurements of the temperature of the sea surface. The variables 6, and
r, are computed from

VC
6, =Yg 1010) — 6(0))

and

r.a' 10

0.38 [r(10) = r(0)],
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where

Cyo = [1.1 + 0.04(10)] X 1073,

with 6(10), r(10), and u(10) being the values of potential temperature, mixing ratio, and
real wind speed obtained at the nominal mast height of 10 meters. Values of Z are obtained
as follows: If the

real wind speed is measured, then

‘ Zy = 3.3 X 1074 ¢,y u(10)2,
and if the real wind speed is not measured, then
- -5
Zo o 10 .
Finally the values of the so-called stability length L are calculated from

—T/Cpp 4(10)2

L=%sxo03816,0 - 6,001 °

where the sea-surface temperature T, as well as potential temperatures 0 (0) and 0 (10) are

in absolute temperature units. If values of the wind speed are not measured Lis set at —100

meters. When the relative humidity is to be estimated at an altitude less than Z,, thenit is

calculated by use of 6 and r from these equations. If Z is greater than Z_ _, the values of

potential temperature 0 and mixing ratio r at Z,, are used to estimate tﬁese same quantities
I at higher levels.

The height of the lifting condensation level Z,,pn Must next be calculated from measure-
ments available on the ship. The method used in thls model is based on the solution of the
equation for adiabatic lifting:

e/T1/0-286 - o /T1/0.286

where T is the temperature calculated at the top of the superadiabatic bottom layer, e is the
vapor pressure calculated at the same point, T, is the temperature at the condensation level,
and e, is the saturation vapor pressure at the temperature of the condensation level. The
potential temperature at the top of the superadiabatic layer is known, because both the
temperature and the altitude are known. Also known is that the potential temperature re-
mains constant with respect to altitude changes for adiabatic processes. Therefore at the
condensation level the pressure p ¢ can be calculated from

6 = T,(1000/p,)%-286

The model then uses the NACA standard low-level atmosphere to convert from pressure to
altitude.
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Since the area is clear (total cloud amount is less than 25%), then a transition layer is
considered to start at an altitude of about 80% of the lifting condensation level. The transi-
tion layer starts at the 1) of the homogeneous layer. In the homogeneous layer both the
potential temperature and the mixing ratio at all altitudes remain constant at the values
obtained for the top of the superadiabatic layer.

According to measurements by Malkus [3], the relative humidity in the subsident non-
cloudy cloud layer is 78%. Therefore in the transition layer the model slightly increases
the potential temperature linearly and adjusts the mixing ratio so that 78% relative humidity
is achieved at the altitude calculated as the lifting condensation level. Throughout the cloud-
less cloud layer the model sets the potential temperature to that calculated at the lifting
condensation level and correspondingly decreases the mixing ratio to keep the relative
humidity constant at 78%.

Unstable Atmosphere With Cloud Cover Greater Than 25%

Figure 2 is a diagram of the same unstable atmosphere but with clouds. For altitudes
below the transition layer the model is identical to that for the cloudless case. The model
for the cloud case, however, keeps both the potential temperature and the mixing ratio con-
stant with respect to altitude throughout the transition zone. Above the lifting condensation
level when the relative humidity is 100%, the potential temperature remains constant but
the mixing ratio is reduced just enough to keep the relative humidity at 100%.

The cloud layer extends from the lifting condensation level to about 2 kilometers,
where the moist marine layer is usually capped by an inversion which divides dry warm air
on top from the cool moist air of the marine layer. Above the 2-km level, temperature de-
creases at the standard lapse rate, and moisture is allowed to decrease rapidly toward the
zero level.

Neutral Atmosphere

The neutral atmosphere, profiled in Fig. 3, is similar to the unstable atmosphere in
both the cloudy and noncloudy conditions except that no superadiabatic layer exists. The
temperature of the atmosphere is considered adiabatic from the sea surface up to the lifting
condensation level. The potential temperature measured at the ship is used as the potential
temperature throughout the lower atmosphere from the sea surface to the lifting condensa-
tion level in the cloudy case and up to the bottom of the transition zone in the subsident
cloudless case.

The mixing ratio is interpolated linearly between values corresponding to relative
humidity of 98% at the sea surface and that measured at the assumed mast height of 10
meters. Above 10 meters and below the lifting condensation level the mixing ratio is set
constant to that measured on the ship.

g e g . A S S e . -
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Stable Atmosphere

The basis for the model estimates of the stable atmosphere is a series of tethered bal-
loon flights made aboard the USNS Hayes during the 1975 fog cruise [4]. If a stratus deck
is observed, the model constructs the following atmospheric thermal and water-vapor struc-
ture from four additional shipboard-measurable inputs: the sea surface temperature, the

. dew-point temperature and air temperature at 20 meters, and an estimate of the cloud-base
v altitude.

3 The potential-temperature structure is estimated in the following way and as shown in
- Fig. 4. The atmosphere is divided into four layers separated by four reference levels: the sea
’ surface, 20 meters (the height of shipboard measurements), the cloud-base level (an input to
the model), and the cloud top (assumed to be 500 meters above the cloud base). In the |
lowest layer a linear interpolation is assumed between the potential temperatures of the sea :
surface itself and the air at ship height. In the second layer a linear interpolation is made i
between the potential temperature at the 20-meter level to that at the cloud base level,
which is assumed to be that of the ship plus 2°C. Over the next 500 meters an increase of

3°C of potential temperature is assumed. Finally above the cloud layer the potential tem- -
perature is allowed to increase at a small rate.

Similarly the mixing ratio is constructed in a piecewise linear fashion in the same four :
levels. In the lowest layer a vapor pressure of 98% of the saturation vapor pressure at the v ,
sea-surface temperature is assumed at the sea surface. The mixing ratio is then linearly inter- ‘
polated between the mixing ratio r, calculated at the sea surface and the mixing ratio Ty
calculated at the mast height. When a stratus cloud is known to exist, then saturation is
known to be achieved at the cloud base and therefore the mixing ratios r, and r 4 Which are
necessary for saturation are assumed both at the cloud top and at the cloud base. Linear
interpolations are iiien made between these various fixed points. Above the cloud top the
mixing ratio is allowed to drop off at a 1/Z2 rate.

o

The stable-atmosphere no-stratus-cloud profiles are identical to the stable-atmosphere
stratus-cloud profiles except that the mixing-ratio profile is assumed constant from the ship-
mast height to 500 meters above the calculated lifting condensation level.

IMPLEMENTATION OF THE MODEL

The model is in the form of a Fortran function: RELHUM (Z, IQ, ISHIP, TAIR,

VAPLD). The outputs of the model are the relative humidity in percent which becomes the

’ functional value itself, the air temperature represented by parameter TAIR, and the water-
vapor load of the atmosphere represented by the variable VAPLD. The integer output vari-
able IQ is a quality index which is roughly related to the trustworthiness of a particular
prediction as described above. The model requires only two inputs: the altitude Z (meters) at
which the meteorological values are desired to be known and an integer array ISHIP which
contains 12 integers from the standard shipboard weather reports.

RS ————

The elements of array ISHIP are defined as follows:

ISHIP (1) is an integer between 0 and 99 (coded in accordance with Ref. 5) which
’ describes the present weather situation;

9 l

B T IR w5
P
o~
A
-~
|
- »
é
(,v

B =
o




§

e SR e

o

T g e

e st Wi

GATHMAN

AOIP pnOI-snIBS © Yta sasdydsounre ajGess 10j oljes Burxiw jodes-19jem Y} pus ainjesadway erjuajod dnsuAdRIEYd aYy) Jo sapyoig — y By

olivy 9

S -

A99p Pno>-EMIENS OU Yy pue

NIXIN

(1svw)2:'02)

SGN0TD SNivYis

((%001:4¥)%s ‘3SVE 0NO1D)

((%001-H¥) % ‘008 + 35v8 00190
II
N\
\

\
32/31006 + 3SV8 GNO1D)s¥s « (24 \(\, \ \

32/21006 + 35v8 ANCT9)e 34 2(2)s \\\,

O

\ﬁo. HY) '2°0)

D-S$0N0TY) SNLVHIS
ON 1N8 378ViS

ﬁ%«!«..uﬂ- 0no19) 4

S0 Z'006+ 35vE 0N
N
\
\
\

\
\

\
\

~ W02

w2

3Sve O0NOM

woos

38NLVY¥3IdIN3L TVILN3LOd

(1SVYN§‘02)

(2+1Svmp ‘3Sve ano1D

(S+ 1SVN § ‘00S+3SVE GNO1Y)

l\.ovouo. = $

1

-

- W02

wz

3Sve ano

w00s




ol
i A AL M R T e

NRL REPORT 8279

ISHIP (2) is a parameter between 0 and 10 which describes the lower cloud types
(ILCL);

)
!

ISHIP (3) is a signed integer between —999 and +999 which is 10 times the air/sea
temperature difference;

ISHIP (4) is a signed integer between —999 and +999 which is 10 times the air

temperature (IAT);
t ISHIP (5) is a noncoded integer which is the estimated height of the cloud base of
B the lowest cloud layer in meters (ICLHT).

; ISHIP (6) is a signed integer between —999 and +999 which is 10 times the dew-
F,. 1 point temperature at deck level (IDPT);

ISHIP (7) is a signed integer between —999 and +999 which is 10 times the mea-
sured sea-surface temperature (ISST);

ISHIP (8) is an integer between 0 and 99 which is the wind speed in knots;

ISHIP (9) is a integer between 90 and 99 (coded in accordance with Ref. 5)
which represents the visibility;

ISHIP (10) is an integer which if equal to 0 indicates that wind speed was measured; 4 1

ISHIP (11) is an indicator of the horizontal visibility at ship level, with 0 indicating
that visibility was measured and 1 indicating fog;

ISHIP (12) is a integer between 0 and 9 (coded in accordance with Ref. 5) which
indicates the total cloud amount (ICA).

TEST OF THE MODEL

A test of the accuracy of this model within the marine boundary layer has been devised
by comparing the model-produced estimates with measured profiles of temperature and
water vapor. Field data suitable for this test was obtained from the EOMET cruise of the
USNS Hayes during May and June 1977. During this cruise kite-balloon soundings were
made, producing many observations within the marine boundary layer. Comparisons be-
tween the measured parameters of air temperature, relative humidity, and vapor density and
those same parameters calculated from the model which used the appropriate standard ship-
board measurements taken on the ship itself provide a useful test of any model of a
boundary-layer profile.

The locations of the soundings are shown in Fig. 5 superimposed on the ship track,
which covered portions of the North Atlantic and the Mediterranean Sea. Although the
experiment provided over 1700 valid parameter sets obtained with the NRL boundary-layer

¥ sonde [6], the data are limited in duration at any one location and therefore do not form a
climatologically complete set of measurements. It is nevertheless an excellent data base on

11
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EOMET CRUISE--USNS HAYES
14 MAY [977-- 7 JUNE 1977
NORFOLK,VA-ROTA,SP-PIRAEUS,GR

Fig. 5 — Cruise plot of the EOMET cruise of the USNS Hayes during May and June 1977. The circles
represent positions during the track where kite-balloon profile measurements of air temperature, relative
humidity, and water-vapor density were made.

which to test the model, because it does provide a wide variety of stability classes. The tem-
perature measurements themselves are produced by dry and wet thermisters supported on
the tether line to the kite balloon and ventilated by the relative wind. A solid-state pressure
altimeter provides altitude information. Data are collected from these three channels and
transmitted to the ship, where they are plotted in real time for the convenience of operators
and digitally recorded.

The sensitivity of the system under real operational conditions allows both wet-bulb
and dry-bulb temperatures to be measured to within an error band of +0.15°C. The absolute
accuracy of the radiosonde is checked before and after every kite-balloon flight by flying the
measurement package at mast height and comparing these telemetered measurements with
the shipboard measurements at mast height. Thus the calibration standard for the airborne
units is the shipboard Cambridge model 100SM air and dewpoint temperature instrument.
The altimeter is checked before and after each flight by observations of the pressure at the
mast height, which eliminates the time variations of the atmospheric pressure from the
altimeter. The operational accuracy of the altimeter is +14 meters at the surface but decreases
with altitude. One advantage of the tethered kite balloon is that the same instrument package
is used many times and the calibrations of the devices can be checked before and after each
flight to make sure that changes have not occurred in the launch process or during the flight
itself.

Part of the problem in obtaining an evaluation of the performance of the model is to
include in the evaluation some of the nonhomogeneous characteristics of the atmosphere
that might be present during a particular test. Sometimes at sea continuously recorded
shipboard observations diverge significantly even during the time it takes to make a profile,
which is the time for the kite balloon to climb to its maximum altitude and to return to deck

12
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level. Consequently plots of all shipboard meteorological observations were made 6 hours
prior to a flight and 6 hours after landing of the apparatus to aid in determining the stability
of the shipboard observations. The first part of the test was to prepare from data for the
middle of each flight a list of shipboard observables such as would be entered into any ship
weather report. For every experimental observation of dry-bulb temperature, wet-bulb tem-
perature, and altitude the model also would estimate air temperature, relative humidity, and
vapor density at the same altitude, using as its input the list of shipboard observables. Differ-
ences between measured quantities and the estimated quantities represent information on
the accuracy of the model.

Comparisons between the model predictions and measured data have been made for
all of the flights flown during the 1977 EOMET cruise. In some cases the predicted profiles
of air temperature, relative humidity, and water-vapor density were close to those measured.
Figures 6, 7, and 8 are examples of good correlation. They were obtained from flight 51,
which took place in the Mediterranean Sea on June 4, 1978. Each point in the figures refers
to a sampling of the data transmitted continuously to the shipboard receiver and digitally
recorded every minute throughout the flight. The scatter in the kite-balloon data is partly
due to the instrumental uncertainties in both altitude and temperature.

Figure 9 is a plot of a particularly impressive and suprising prediction of a dry layer
over the Mediterranean Sea which was both measured by the boundary-layer sonde and pre-
dicted by the model. Here both the model estimates and the measurements show that a
sharply defined dry layer exists above 350 meters in altitude.
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Fig. 6 — Comparison of the air-temperature profiles obtained from flight-51
kite-balloon measurements (points) and the model estimates obtained from
shipboard observations at the time of flight 51 (line)
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Fig. 7 — Comparison of the relative-humidity calculations obtained from L
the dry-blub and wet-buld temperature measurements of flight 51 (points)

and the model estimates of relative humidity based only on shipboard

observations (line)
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Fig. 8 — Comparison of the absolute-humidity calculations obtained |
from the dry-bulb and wet-bulb temperature measurements of flight 51 ,
(points) and the model estimates of the absolute humidity based only :
on shipboard observations (line)

14




NRL REPORT 8279

600
4
400 ° 0 O =
0* [+ 00 Y
- ° 0 )
£ 4 a o
e
0
2 200
S 8
< 3
i o/o
o o) o
0 LA L § | G GENR | S B O LI B B LN i
50 60 70 80 90 100

RELATIVE HUMIDITY (*4)

Fig. 9 — Comparison of the model estimates of a relative-humidity pro-
file which predicted a dry upper air layer from surface measurements
made at the time of flight 42 (line) and the kite-balloon measurements of
relative humidity based on dry-bulb and wet-bulb temperatures (points)

Not all predictions are this reassuring however. Figure 10 is a plot of air-temperature
measurement from flight 21 near the Gulf Stream. The air-temperature measurements
(although the most basic and simplest of the measurements to make) seem to give absurd
data. The problem results from the time required for the measurement, that is for the kite
balloon to climb to altitude and then to be reeled back to deck height. Because the before
and after calibration measurements of these data are accurate, the conclusion is that the
atmosphere is changing rapidly. Thus during the 50 minutes required by the kite-balloon
system to climb to maximum altitude and then to be reeled to the surface the assumption
of a stationary atmosphere does not hold. Consequently a static model cannot duplicate
these rapid changes in air-mass characteristics. It may well be that the model prediction is
closer to a snapshot of the profile at one instant of time while the profile is changing from
one form to the other than can be obtained from a measuring system which is slow relative
to the time response of the nonstationary atmosphere.

The model predictions and the in-situ data taken over all of the flights of the 1977
EOMET cruise at the positions shown in figure 5 were compared as follows to allow the user
some idea of the error bars on the model estimates. A calculation was made of the RMS
error of the model predictions at 100 altitudes equally spaced below the maximum altitude
obtained on the flight relative to the least-square third-order polynomial fits to the measure-
ment data at the same 100 altitudes. This analysis shows that the worst-case air-temperature
RMS error by the model was 3.7°C (for flight 3) but that the average RMS error for all
flights was 0.7°C. A similar analysis shows that the model had an overall average RMS error
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Fig. 10 — Example of an air-temperature profile (points) (obtained in a rapidly
changing air mass from a sounding system that takes about 50 minutes to make a
complete ascent and descent) that cannot be used to represent a stationary pro-
file against which to test a static model (line). The data in this plot were ob-
tained from flight 21.

in the relative-humidity estimates of about 20%. These errors however include not only
inaccuracies of the model but all types of errors which might exist in this experiment, such
as nonstationarity of the air mass.

The model test was also analyzed to see if the errors of the model depended on altitude.
One would expect that, since the model is based on measurements at the surface, the model ;
accuracy would decrease with altitude, so that the RMS errors between data points and !
model predictions would increase with altitude.

Table 1 shows the RMS differences between data points at the various measurement
altitudes and the model predictions of the data at the same altitudes. These differences
are averaged over all of the flights in 100-meter altitude bands. The RMS errors indeed tend
to increase with altitude.
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Table 1 — Altitude Dependence of the RMS Errors of the Model

- Number of RMS Exror
Altitude Observations
Interval in Altitude Air Relative Absolute
(m) In Temperature Humidity Humidity
A °C) (%) (g/m3)
0-100 480 1.01 9.54 1.06
100-200 296 1.21 9.71 0.94
200-300 365 1.24 9.86 1.06
300-400 341 1.34 11.93 1.40
400-500 155 2.77 20.47 2.15
over 500 81 1.65 16.36 1.68
17
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APPENDIX

PROGRAM LISTING

FUNCTLOM RELAUM(Z,Ly,I1584P, TALE,VARLD)
(AR R R R R R R RS RS2 R RS R R RA RS Y R RS AR R R A 2 L)
C 1.1UENTIFICATAON NAMZ: KoidUa
C 2.TITLE: METEOROLOGICAL PEOFsuc cSLLMATES FEOM SHIP OBS.

C  3.AUTHC&: STUART G. GATHMAN

C  4.O0BGAMIZATIUN: NBL

C 5.DATE: JULY 1977

C 6.ROUTINES CALLED:ABORT,ALT,PAul,VAPrb,C10,22ERU, us,  STAR,

C THZ, TUSTR , FALMT, LCON, SE1Xn, 4H,1E8P, VP, TABS, TCENT, LINLIT

(A EII IR 2RI R R R PR R R RS R RIS RS RS RS R 2R R TR TR T 2

DIMENSION LSHLP (12),4P0G(14),4Dadis(17) ,ICLR (6)

LPW=4SHLP (1)

ILCL=ISHIP (2)

LIASL=1SHIP (3)

LAT=LSHIP (4)

LCLHET=ISHIP (5)

IDPT=ISHIP (b)

1SS1=ISHIP (7)
16S=1SHIP (3)

IVAS=4{SHLIP(9)

LLWS=ISHLP (10)

IIVIS=ISHIP (11)

LCA=ISHLP (14)

DATA(LFOG (1) ,4=1,14) /10,11,12,28,40,41,42,43,44,45,

1 46,47,40,49/
DATA(IDBRI&(L),L1=1,10)/14,15,10,40,44,50,51,52,53,54/
DATA(IDRIZ(I),I=11,17)/55,56,57,58,59,60,61/

DATA (ICLB(I) ,1=1,6)/0,1,2,3,4,5/

CHECK FOR INDICATLONS OF FOG AND 4F FOUND GO TO 100

s NNl o

LF(4VIS.LE.94) GO TOo 100
LP(1IVIS.Eu.1) GO TO 100
DO 20 J=1,14

20 IF(1PW.EW.IFOG(J)) GO TO 100

CHECK FCR INDICATIONS OF DRIZ4LE ANV ir
FOUND 6C TO STATEMENT NUMBER 300

caaoacno

DO 30 J=1,14
30 I¥(iPw.Ey.IDRIZ(J)) GO TO 300

(o
C
C CHECK FOR CLEAR WEATHER(LE NU IbLi(ATION CF FREC.) AND
C IF FOUND GO TO STATEMENT NUM3cs 000
C A
DO 40 J=1,0

40 IF (IPW.Ey.ICLA(J)) GO TO 6VUU
C
C
C IP THr PROGRAM wETS TO THIS PULNT WE NUST ABOKT.
C

50 CALL ABORT (Z2,10,IVPT,IAT,Rd)
REL HUM=RH .
TALE=1CENT (IAT)
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VAPLD=2, 165¢ RELHUMVAPPR (LA L&) /1ALR¢273. 15)
CALL LI1MLTS (Bd,VAPLD,TAla, dy)
BEETURM

THIS PABT OF TuE PEOGEAM 1S Fuk T1lasS UF FUG INDICATIUNS.

accao

100 =ELBUNM=100.
TALB=TCENT (1AT)
VAPLD=216.5*VAPPu(TAIL)/(TAdne sl 3. 1)
110 I=10
IF (4.0T.400.) Ly=o
RETUBN

THIS PAET OF THe PdOGEAM 1S FOK MUN PEcCIPLITATION TIMES.

conc

600 IF(JLCL.EQ.6) GU TO 700
1F(JuCL.Bu.4) GO TO 700
IF(ILCL.EQ.7) GO Tu 700
LF (JASD.LT.0) GO TO 800
LF (JASC. Eu.0) GO TO 900

THE STABLE ATMOSPHERE

cOoOn

777 CONTINUE
1F (2e4T.20.) GO TO 1000
G0 10 1100

THIS PABRT OF Thi PROGBAN 1S FUk UNSTALWLE CASES.
DETEEMINE THE DEPTH OF THE SUPchAULAUATIC LAYER.

necoc

800 I1y=10
DI¥=AuS (FLOAT(IASD)/10.)
LE(CIP.GT.Q.53) GO TO 850
4SA=10.*DIF
GO 10 870

850 4SA=11.92¢9.69%ALOG(D1E)

NEXT OUEToKMINE IF 2 1S ABOVE va oblUw IdE TOP OF THe
SUPSRADIAUATIC LAYER.

ceooc

870 LF(4.LE.235A) 6O Tu 2000

FOR 4SA < 2 < 4H, SHETA AND v Aus CONSTANT WRT ALTITUDE
AND ELUAL 10 THE VALUES DETE&MAINCD ALl 4=ZSA.

(PR o X PN ol &8

1500 THSA=The (L1wS,iwS,40,L554,1AT, 45A)
wSA=QL (LInS, INS (I ISST,iDel 454,1AT)
C
C
C FIND THE LIFTING CONDENSATIUN LaVesu Fuud VALUES OF THETIA
C AND y VETEnBMINED AT THE TuP OF THs SUZuiADIABATIC LAYER.

20
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c
4C=ZCON (THSA,u5A,ZSA)
C

(o
C DETERMIME THE CLOUD AMQUNT TU Scu 4r TurBE IS A
C TBANSITIONM 40Nz EXISTLING.
c
1810 CORIINUE
L1¥(ICA.LT<2) GO TO 1600
LH=2C
1F (2.6E.2d) ¢O TO 1700
18C0 E=VF (uSA,2)
TALB=TESP (THSA,4)~-273.15
ESAT=VAPPR (TAIR)
VAPLD=.16.5%E/ (TALR¢273. 1)
RELHUN=100.%*E/ESAT
CALL LINITS (RELHUM ,VAPLD,TALR, iy)
RETURN

THE LN CLOUD CASE

onceoe

1700 RELHUA=100.
TAIB=TEMP(THSA,Z)-273. 15
VAPLD=216.5%VAPPR(TALR)/ (TAdia¢Lid. 15)
1F{2.LT.2000.) RETUGN
T2000=TENP (THSA,2000) - 273.15
<0Q0=SMIK (»,T2000)
Y=u<000*4E6/2%*2
ESAT=VAPPR (TAIR)

E=VE (Q,2)
RELHUM=100¢L/ESAT
VAPLD=416.5*E/TENP (THSA,4)
BETURN

THIS FPABT OF THt PuOGRAA IS ruk A LLOUUDLESS CLOUDLAYER.

OO

1600 Zu=0.8%2C
IF(2.67.4C) Gu TU 1300
1F (4. LT. 4d) GO TO 1800
DELZ=2C~-24
T4LH=TERF (THSA,%H)
T4=14H-0.000% (4—4H)
wiH=YSA
T =TLt—-0.006%DLZ
Q4C=0,78¢SH1 Xk (4C,TZC~-273.15)
THSA=TH(TZ,2)
USAZQLHY (WaC—QLH) * (2-%H) /VELL
Gu T0 1400

TALS 15 THETA AND k CALCULALczY FUa A SUPEE A LAYER

ccoe

2000 X=Thi(LiWS,Iws, Ly, ISST,IAT,4)
R=yuZ(L1WS,1ws,LQ,I1SST, IDKT, 4, sAL)
TC=1EMP (X,2)~-273.15

21




2010

oo

1100

1104

1105
1110

[eN N ol o}

1000

cocce

900

GATHMAN

VIEST=VP (4,2)
VAPIST=VAPPK (TC)
BRELHUN=100.$VTEST/VART ST
TALE=TC

VAPLD=216.5¢VTEST/ (TALuesT3.15)
40=2ZERO (IIwS,INS, 10)

FL=FBLNT (L¥S,I14WS, ISST,IAT, 10)
FCN=(4¢20) /FL

1F (FCN.LE.0.03) Gu TO 2010
du=1y-2

CONTINUE

CALL LIMLITS (RELHUM ,VAPLD, TALK, Ly)
BETURN

STADLE ATMOSPULGE, 2> SHIZ MAST dEiuHTe.

Iy=Y

CLbAS=FLOAT (LiCLHUT)

CTOE=CLBAS+500

IEk(4.GE.CTQP) GU TU 1105

1F (Z.GE«CLBAS) GO TO 1104

THS=TH (TABS (IAT) ,20.) ¢ (2-20.) * 2./ (CLBAS-20.)
US=SHMiIXR (20. ,TCENT (IDPT))

G0 10 1110

THS=TH (YABS (LAT) ,20.) ¢ 2. ¢ (4~ LBAS)*.006
US=SHM1XR (20. ,TCENT (LDPT))

GO 710 1110

TUS=TH (TABS (LAT) ,20.) ¢5+.00001%(4L-CTOP)
US=SHIXK (20.,TCENT (IDPT))*®CLOP* L Tur/2%%,
CONIINUE

E=VE (US,2)

TAIB=TEMP (THS,2)-273.15

ESA1=VAPPR (TAIR)
VAPLD=210.5%c/TENP (THS ,2)
RELbUN=100.*E/ESAT

1F (BELHUM.LE.100.) RETURM

BRELHUN=100.
VAPLD=216.5%ESAT/TEMP (TIHS,4)

RETURN

.

STABLE ATMOSPHEKRE,4< SHIF MASL dEasdl.

THSE=TH (TABS (1AT), 20.)
THw=TH (TABS (ISST),0.)
WSP=SUIXR(20.,TCENT (ID#T))
uHT=,96*SAIXR (1. ,TCENT (1551))
THSA=THW ¢2% (THSP-THW) /20.
WSA=QuTeZ® ((SP-yNT) /20

Ig=10

GV 10 1600

EUTHBAL ATHMOSPHERE CASE

Iu=10




o

950

975

OR

cocoaoc

300

cooca

1900

acoc

700

704

705

Note:
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Ar(4.L1.20.) GO TU 975
THSA=14 (TAbS (I551) ,0.)
WSA=SHIXR(20.,TCENT (1LPT))
4C=121% (TCENT (LAT) =TCLNT (4w #PY) )
lF{2.LE.2C) 6uU TO 1300

Gu 10 W10

TALb=FLUAT (155T) /10.
WSEA=0.98%5H1X (0., ICENT (4554))
VMAST=5SMIX (20. ,TCENT (LDPI))

w= (WHAST-uSEA) $4/20, ¢ SEA
E=VE (v,2)

ESAT=VAP PR (TALK)
BELHURA=100.%E/cSAT
VAPLD=210, 5%/ (TALR¢ 27 3. 1)
KETURN

THIS PABT OF The PROGRAM TRoALS LIonl nON FREEZING PREC.

DRIZ4LL. RELATIVE HUMIDITY 13 A3SUMED EVERYWHERE Tu BE

TdAT OF The SHIP.

BELBUN=100.*VAPPR(TCENT (Luei)) /VARPR (TCENT (LAT))
GC T0 110

THIS IS AN APPROXIMATLON FOR I'dk CLUULLESS “CLOUD LAYEE"
AFTES MALKUS (19540)

BRELHUR=78.

1y=?

TALR=TENP (THdSA,2)-273. 15
VAPLD=108.Y*VAPPH (TALK)/ (TALr¢ ] 3.15)
sETURN

THLS PAaT OF THE PHOGHAN LS rUB Ins ST&ALUS CLUUD CASE

CUMNTLINUE

LF(2.LT. 20.) GuU TO 1000

CLoAS=FLUAT (LCLHT)

CTOE=CLBAS¢500

1F (2.6E.CTOP) GO TQ 7G>

1F (4euE.CLBAS) w0 TO 704

TuS=To (TABS (LAT) 420.) ¢ (Z=cVU.) * co/ (CLBAS-20.)
PC=TH(TABS (1AT) ,40.) ¢2

1C=1LdP (PC,CLLAS)~27 3. 15

wb=SHIXh (20.,1CENT (LDPT))

wL=SMLXR (CLBAS,TC)

WS= B¢ (=20, )* (WC-UB)/ (CLBAS~-LU.)

6C TO 1110

TaS3=Td (TAUS (LIAT) ,20.) ¢ e Q0L* (u=LibAS)
WwO=SHAXR (4,TEnR (THS,4) =<73. 1)

0 T0 1110

THS=To (TADS (LAT) 4204) ¢5.4. 0000 1* (4=LTOP)
w3=SALXh (LIUP, TENKY (THS ,Ciul) =<0 15) *CTOP*CTOR /6 *% ¢
G6u 10 11N

LND

The Malkus citation on this page is Ref. 3 in the list at the end of the main text.
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SUBROUTANES AND FUNCTLONS FOus UdSE Wil SELHUM PUNCTION.

cecce

SUbBOUTLNE Auvuil (4,Ly,1DPLl, iAT , kn)

THLS SUusBOUTLNE SINPLY TaAMSALLS ldi SHIPBOARD MEASUBEMENTS
TO CTHZR ALTITUDES AND DolmbEASEs 4y AS THU PREDLCTIONS
BECCHE LeSS ACCURATE.

coCon

DEWET=FLOAT (IDPI)/10.

CEMF=FLOAT (121) /0.

EH=100.%VAPPR(DEWRT) /VAPYu (TelE)

Iy=9

Atk ‘ZOGT. 100-) Ig=o6

1lE (Z.ul- 500.) Iy=3

IF (4¢51. 1000.) Iu=0

SETURN

END -

-

cCoO

FUNCTION ALT (P)

THIS PUNCTION CUMPUTES ALTATUVs ib METERS PROM PEHESSUKE v
IN BILL1bABS. THLS POBMULA 15 A FAT TO THE NeA.CeA. §
STAMDAGD LOWER ATMUOSPHERE DATA: SALTHSONIAN MET.TABLES N63

LIST (1968).

ncoc.oc

1F(E<LE.1013)60 TO 10
ALT=0
RETURN

10 1F(E<LE.958.) Gu TO 20
ALT=9.09% (1013.-P)
RETURN

20 ALT=7850*ALOG(1041.35/8)
RETURN
END

(ol o

FUNCTION PALT (Z)

THIS LS Tabk INVERSE OF FUsT1UN ALT (P) WHERE ALTATUDE,Z
1S IM MoTERS AMD PALT iS5 Tui PabS55U«E IN MILLIDARS AT 4.

ceceo

IP(Z.LT.5V0.) GO TO 10
PALTI=1021, 38%cXP (= 1. 27 39u-4%*4)
BETURMN

10 PALTI=1013.-55.%4/500.
RETURN
LNV

FUNCTLON VAPPRILT)

TULS LS AN APraOXLIMATION [V lox Surtk-uRATCH ToMPERATU&RE,
SA1UBATED VAPUR PRESSURE UVan LiyULy WATEn FORMULA.

O

The Smithsonian tables cited are Ref. 10, and the List citation is Ref. 10.
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11 8AS DESChIBLD oY blChAawS (1971) AND WIGLEY (1974).
1N 1bIS FUNCIIOM T IS IN vcs. o AsD VAPPK 1IN Mb.

cee

T4=1.0=373./(£+273.)

B1=14. 3185

B<=1.970

B3=C. 0445

B4=0,1499

B0=1013. 25
VAFER=0%EXP (K19 14-RBIPTUSSL-u3 P [4BS3-RUYSTU*2y)
BETURM

EXD

(ol @

FUNCTION C10 (1WS,1I¥S5, 1)

THIS FUNCTION CALCULATES iubk vbas CUEFFICIENT. IF WIND
SPEED AT 10 HeTEBRS 1S MEASUbow, LEACONS SUGGESTED FUKM
IS USED: ROLL (1965), P.lol. 1t MU WIND IS MZASUKEDL A
CONSTAMT VALUE IS USEw.

cooacon

1E (4I8S. Mee-1)GU TO 10
Iu=lg-1
C10=2E-3
BETULN

10 C10=1, 1E~3¢0.04=-3*FLOAT (L.SJ
RETURN
11 1Y

(oW o

PUNCTION Z2ZLRO(1L14S,1WS,4y)

THIS PUNCTION CALCULATES Tui viNAaic RUUGHMNESS, Z4ERO
IN BETERS AS A FUNCTIUN OF WibL SPcad FOLLOWING CHARNOCK
(1955) ANMU EXPRESSES PAICTAUN VikOCLTY 1IN TEKNS OF THE
DEAG COEFFICLENY AND MEeASURED WANV 5PLEb.

cOnaac

1F (11¥S.¥E.=1) 60 TO 10
ly=ig-<
4LZENO=1, E-5
EETURM
10 2ZEB0=C10 (L6S,11uS,1Q) *3.33~4*FLUAL (14S)**2
BETURN
END

c

FUNCTION Q& (LaWS,lWS,LQ,1554, 0P8 0,4AT)

THIS FUNCTAON CALCULATES Jue ALLING RATIO AT ALT. 4 IN AN
AIMCSPHERE WHACH UBEYS A LUOG = wLiNcAR RELATLONSHIP:
RCLL (1965), P. 237.

cocac

TO=ELOAT (ISSI) /10
w0=Q.90*SHMIXL(0,T0)

WSR=ySTAR (IDPT,2,I1WS,INS5,a55T 0
40=24Lk0 (L1WS,1uS, IV)

X= (4440) /20

The Richards, Wigley, Roll, and Charnok citations are Refs. 7, 8, 1, and 9 respectively.
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FL=FMLNT (LMS,11d5,155T,1AT,dy)
ui= 00 SEk* (ALOU (X) *4.8%L/rL)

BETURN
END ]

(>

c
FUNCTLION THZ (L4WS,LWS,IQ,i55T,1Al,4)

C

C THLS FUNCTION CALCULATES stk PULEMTiAL TEMPEKATURE AT

c ALTITUDE 2 IN AN ATMUSEHuode wniid OLEYS A LUG - LINEAR

C BELATIONSHLP: KOLL (19623) ,P.237.

T0=473.15¢FLOAT (1SST) /10,

THO=TH (T0,0.)

4<0=2ZERU (LIWS,1¥S, IY)

A=(2¢20) 740

FL=FMLNT (IWS,1IWS,1SST,IAT, 1y
TSTAR=THSTR (IAT, %, I1LWs ,I¥5,isSL,4y)
THZ=THO+¢ TSTAR® (ALOG (X) 44 . 6% L/ Fa)
KETUBN

END

c -

C
PUNCTIUN STA& (IVPT,Z,l1Ilws,1wsS,1SS5L0,IQ)

C

C THLS AS THE “FRLCTION MIKING gAci0% USED IN Q2 AND ; 3

C CALCULATED USLING IHE APPRUKAMATLONS OF THE BULK AEEODYNAMIC 4

C METEOD: H®OLL (1965), P.s<d2Z ,272. \

L‘ k-
wA=SA1Xk (10. ,TCENI (ID2T)) :
W0=.98*SHIXk (0., TCENT (LSSI)) ;
CA=C10 (185,1IHS,1ly) |
"30035 '.
WSTAB=SQRT (CA) * (UA-u0) /FR |
RETURM 1
END

C

C
FUNCTLON THSTK (IAT,Z,41W5,185,14551,1Q)

C

C THLS 1S Tud “FRACTIOMN POIcwlaAl LcaPERATURE™ USED IN THE

¢ CALCULAT 1ON OF Tus USING [dic APPxOXLMATION OF THE

c bULK AZRODYNANIC METHOD: &ULL (1963) P.252,272.

C
TA=473.15¢FLOAT (1AT) /10.

T0=273.15¢FLOAT (1SST) /10.

CA=0L10 (1WS,1INS, 1)

FK=C.4

THSTB=SQKT (LA) * (TH (TA, 10.) =4k (£0,0) ) /FR
RETURN

END

C

¢
FUNCTIUN EMLND (LMS,LL¥S,Li35F,4AT,iy)

(&

G THLS LIS AN APPaUXKLMATLICN FUa The MiAING LENGIH USING

C KOuLk (1965), P. MW4,252.

(-

The Roll citation is Ref, 1.




NRL REPORT 8279

1F (4145, ME.~1) GO TO 10
FALNT=-100
I1y=1Q-2
RE1URN

10 TO=473.¢FLOAT(ISST)/10.
TA=473.¢+FLOAT (IAT) /10.
CA=C10 (IWS,1INS,1)
X=TO®SQRT (CA) *0. 26 46 *F LOAL (las)**2
Y=9.8% .30% (TH(T0,0.)~-TH (LA, 10.))
PULAET==1.%X/)
LETURN
END

(ol o

FUNCTLON ZCUN(TASA,BSA,Z5A)

LTHLS PUNCTION CALCULATES THe LIfFTING CONDENSATION LEVEL
WHEBE IASA IS THE POTENTLAL TEMPERATURE IN KELVIN AT ALT
ZSA AND BSA IS THE MLAXING aATi0 Al THIS LEVEL IN G/KG.
TuIS FORMULATIUN IS AN EMPEICAL FIT TO DATA IN THE
SHITHSONIAN MET. TABLES P.328.

oo

TSA=TENP (TASA, 4SA)

ESA=VP (K SA,25A)

PK=1./.286

X=EXP (FK*ALOG (TSA) )
TC=734.02-150. 41%(ALOG 10 (X) ~ALUG10 (ESA))
TC=1C+7. 21% (ALOG 10 (X) =ALUG 10 (£5A) ) #%2
TC=1C+273.15
PZ=1000% EXP (-FK* ALOG (TASA/IL))
4CON=ALT (P2)

RETURN

END

FPUNCTION SM1X&(4,T)

CALCULATES THE SATURATION ailiNG KATIO IN G/KG AT HEIGHT &
AND TEMPEHKATURE T (C).

coocn 00

SHLIXE=0.62.¢VAPPR(T) / (PALT (2) —=VARPK (T))
RETURN
END

FUNCTION TH (T,4)

CONVERTS TEMPZBATURE (K) i0 POTENLiAL TEMPERATURE (K) AT
ALTITUDE 2.

coco o0

TH=T*EXP (0. 280%ALOG (1000. /PALT (4) ) )
TH=TH

METURN

T

2 X ¢

FUNCIION TEMP(TE,Z)

The Smithsonian tables cited on this page are Ref. 10.




e

cLo o0 conn 6o noonce

acCcn ofc

(e o]

10
20

GATHMAN

CCNVEKTS PUTEMTLAL TEMFEMALUES (A) AT ALTITUDE 2 (M) TO
TENEEKATURE (K)

TENE=TE/ (EXP (0.286%ALUG(1000./PALT (4))))
RETURM :
END 1
FUNCTLON VP (R,2)

COMVERTS MIXING BATIO (G/hG) AT ALTATUDE Z (8) TO
VAPCR PRESSURE (ad).

VP=EALT (2) *R/ (. 622 ¢R)
RETURN
END

FONCTION TABS (1) i

COMVERTS AN ILMPUT TEBMPEBATUmE INTEGER TO TEMPEBATURL (K).

TABS=273. 15¢PLOAT (I) /10
RETURN
END r

PUNCTLION TCENT (I)
COMVERTS AN INPUT TEMPERATUke INTsG:tR TO TEMPERATURE (C).

TCoNT=PLOAT (1) /10,
RETURN
END

SUBEQUTLNE LIMLTS(BHU,V,T,ly)
IF(EH.LE.65.) GO TO 10

L¥ (BH. LE. 100.) KETURM
RH=100.

G0 10 20

RH=065. d
Iy=Ig-4 {
V=2,165¢RH*VAPPR (T)/ (T¢273. 1))

SETURN

LMD
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