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CHAPTER 1
INTRODUCTION

1.1 Need or Simulation of BlectroOptical and Meteorologioal Variables, Air Force Global Weather
Centrral (AFGWC) Program Action Directive (PAD) 80-1 required a survey of environmental simulation
customers to determine thelir requirements for' the next 5 years and provide at least an {dea of their needs
for the 5-10 year time frame. The USAF Envirommental Technical Applications Center (USAFETAC),
Environmental Simulation Section (DNY) conducted that survey in September 1981, One of the major points
noted in survey replies was that there 13 a definite need for simulation of specific optical and infrared
variables over the limited range and time interval that weapon systems are employed. Army units, such as
the United States Army Missile Command Research Directorate (Redstone Arsenal, AL) and Headquarters TECOM

Systems Analysis Division (Aberdeen, MD), were particularly Interested {n simulation of ({nfrared
variables,

Simulation of electro-optical and meteorovlogical (EO/Met) variables has a wide range of appllications
to Air Weather Service (AWS) customers. Weapon systems effectiveness studies, design trade-off analyses,
combat tactics simulation, strategy and doctrine development, war games, and simflar activities often need
some kind of weather [nput. Simulati{on of EO/Met varlables offers a practical alternative to the large
numbers of actual observations previously required a3 {inputs to these models. Environmental simulation
models incorporate historical weather records through such statistical methods as probabllity distribution
and correlation., These simulation models can produce synthetic obser.. .ions much like real ones, and add
the desired risk statistics called for by the designer or planner.

Shields (1981) and Janssen/van Schie (1981) have done detailed analyses on the frequency of
occurrence for selected EQ/Met variables within the framework of tne NATO Optical Atmospheric Quantities
in Europe (OPAQUE) program. USAFETAC/DNY takes the frequency of occurrence analysis one step further by
macﬁhmdtically modeling the cumulative frequencies for use in an envirommental s{mulation model. This
publication s one of the first complete statistical analyses of simultaneous observations of EO/Met

variables. Although not a requirement of this project, linear regression equations developed as a by-
product of the atatistical analyses are alsc presented.

1.2 The NATO OPAQUE Progras. An effective statistical study of EO variables requires simultaneous
mgasurements of visibility in both the visible and {nfrared wavelengths. While there have been a number
of studies of EO elements in diffarent meteorological conditions, the OPAQUE project is the first extended
collectisn of simultanecus cbservaticng, Ialtlal COPAQUEZ planad called for a measurement period of 2 years,
but several OPAQUE locations have considerably more observations.

The OPAQUE program was organized under the Defense Research Group of the North Atlantic Council
NATO. A series of Research Study Groups (RSGs) under that counci{l developed the joint measurement program
for the European theater, RSG-3 of Panel III, Sky and Terrair Radlation, submitted the original proposal
fo~ an OPAQUE measurezen. program in November 1973. NAIQ pubiication OPAQUE D-7302 (Fenn, 1978) describes
the measured elements, the measurement sites, the measurement schedule, and data format for this plan.
Recommended locations for EO/Maet measurements were (Fenn, 1978):

Northern Norway German urban industrial site
Netherlands (urban area) Northwest Fréance

Northern UX Southern Italy

Denmark Mediterranean Sea

Northern Germany (near eastern border) Mountain site (Alps)

Southern Germany

Site selection depended first on military tactical considerations; second, on how wWell the sites
represented the locatlcens in terms of geographical environment and meteorological conditions; and third,

on the availabllity of 1loglatfc support. RSG-8 of Panel IV, Atmospheric, Optical, and IR effects,
selected seven sites for the measurement program:

Danish/Canadfan Station - Lolland, Denmark
French Station - Bruz, France

German Station - Birkhof, Germany

Italian Station - Trapani{, Italy
Netherlands Station - Ypenburg, Netherlands
UK Station - Christchurch, England
US/German Station - Meppen, Germany




N

Sy

s
. NIRRT

T

A AN N
Ao US. GE MEPPEN .

b — ~ v\__' S
e § ( B S

T
dbran
L/ swnu:a

Figure 1. Map of Europe Showing the Northern OPAQUE Locations.
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Figure 1 shows the iocations of the OPAQUE reasuring sites. With the exception of Trapani{, Italy,
al. OPAQUE 3ites were hoilt and {nstalled during 1976 and 1977, and have been recording observations since
the winter of 1976-1977. NATO QPAG!UE D-8102 (1981, of the RSG-14, Panel 1V contalins the measurement vocdes
and format specificaticng for the CPAQUE dJdata tapes,
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1.3 Pro' ..t Requirementa. In February 1982, the Atr Force Geophysics Laboratory, Optlcal Physics
Division (AFGL/OPA), requested that USAFETAC/DNY investigate the statistlcal relationships of the EO/Met
var{ables at a suitable OPAQUE site., An environmental simulator would follow based on the results of that
investigation, The statistical analyses and simulation modeiing, where posasible, were to be within the
frasework of the envirommental simulation technigues described in USAFETAC TN-82/004, Basic Techniques in

Environmental Simulation. The developed simulator would then be tested for transportability at a second
OPAQUE location.

The Ypenburg, Netnerlands, and Christchurch, England, OPAQUE locations were selected for anaslysls
because of the number and completeness of avallable data. Yrenburg contains 47 months of data {from March

1977 to February 1981, excluding June 1980). Christchurch contains 27 months of data (from December 1§76
to Fabruary 1979).

Ypenburg (52° 03' N, 4° 22' E) is located about 7 km southeast of Hague, The Nethe~landa, and 10 %o
15 km northwest of F_.terdam. The site 's strongly influenced by artificial {llumination at night,
The Physics Research Group of the TND Physics Laboratory managed the OPAQUE measurement program at the
Netherlands site. Ypenburg {3 representative of the urban industrial enviromment of northern Europe.

The UK OPAQUE site {3 locatead at a site of the Royal Signals Research Establ| hment at Rarnsfield
Health, near Christchurch, about 8 km inlan¢ from the south coast of England (S0 44*' N, 1° 45 W),
Chriscchurch {3 representative of northern Eurovpe's maritime environment,

The EO/Met elements to be investigated were visual attenuation and visual extinction in km",
infrared transmittance in the 3.4 to 5.0 and 8.0 to 2.0 micron bands as percent transmission, cloud cover
1in octas, wind speed at 10 and 2 meters in msec ', relative humldity in percent, ang temperature/dewpoint
in degrees celafus. Aerosol concentration data would have been used but were not avaflable for the
present atudy, Such aerosol measurements were made by the TNO, and are described in a report by Hemmes
(1982). Derived quantitlies such as aerosol {nfrared (IR) transmission and equivalent aerosol IR
extinction proved mcre valuable than the actual transmittance observations for comparing the visual and
infrared visibilities, Other variables {n the OFAQUE data base could be adapted to a similar type
analysis. AFCL/OPA provided the OPAQUE data tapes for the projects.

1.8 The Electro-Optics/Meteorology Sisulator., The remainder of this technical note consists of
descriptions of the OPAQUE EO/Met variables used In the project, the key concepts In statistics and
simulation, the envirommental simulation modeis used by USAFETAC, the statistical analyses of EOQ/Met
variables in the CPAQUE data, and the two EC/Mel simulalors develuped for this project. Chapters ¢
through 7 are organized as follows:

Chapter 2--The meteorologica) and electro-optical variables., Includes both the raw ..riables and
derlived variables, such as equivalent aerosol IR extinction used to develop the siruiator,

Chapter 3--Basic techniques in environmental simulation, Includes the basic statistical concepts of
simuiation, the single-variaule, single-station model (V1S1), the two-variable, single stati{on mcdel
(v¥251), and Multivariate Triangular Matrix model (MULTRI).

Chapter Ad--Cumulative distribution f{unctlons of the electro-optical and meteorological variables.
Covers the standard USAFETAC cumulative distribution modeling functions, evaluation of cumulative
distribuiions, conversion of raw probabllity to a normal probability, and line segment fitting.

Chapter 5——Correlation coefficientsa, Covers the correlation coefficlent development, the effect of

randcm error of observation on correlation, and the serial and cross correlation of the OPAQUE
varlables,

Chapter 6--The electro-optical/meteorological simulator, Deacribes the two simulators (EOMETSY and
EOMETS2) developed for this project, and the transportability of the simulators to other locations.

Chapter 7--Linear regression analysis fcr the OPAQUE Ypenburg data,
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CHAPTER 2

THE METEUROLOGICAL AND ELECTRO-OPTICAL VARIABLES

2.1 General . Table ' gives the OPAQUE EOQO/Met variadbles uzed for this project, the measw ing

instrument, the measurement units, and the estimated measurewent error (Fenn et al, 1979). The
reteorological observations are on the hour. - The electro-optical measurements span a period of time
following each hour, ranging from 4 minutes at Ypenburg to 10 minutes at Christchurch. The visual

attenuation/extinction measurements contain the bheginning, ending, maximum, and minimum values for the
measursment cycle. The beginning anu ending values are ooccasionally the maximum or minimum values. The
3.4-5.0 micron band has both a beginning and ending value, while the B-12 micron band has only the first
reliadle observation within the period. To allow for the best statistical comparison between the
visibility and meteorological elements, USAFETAC/DNY chose the ULeginning visibility observstions to
develop the probadbllity distributions.

TABLE 1. Measured OPAQUE Variables Used for Analysis.

Variable Inatrusent Units Accuraoy
Visual Scattering Coefficient Nepheiometer Kkm ™! 1203
Photopic AEG Point
Visibility
Infrared Transmittance Transmissometer km" $10%
Photopic Eletro
Infrared Transmittance Transmissometer 3 2%
3.4 - 5.0 microns Barnas
Infrared Transmittance Transmissomater 3 2%
8.0 - 12,0 microns Barnes
Cioud Cover Visuail oclas -
Temperature Aspirated °C t.2°C
Relative Humidity Hair Hygrcmeter % 5%
Dewpoint Lithium-Chloride °C £1°C
Wwind Speed at 10m and 2m Cup Anemometer msec”! +2%
Rain Rate --- mahr !
Rainfall --- mmhr !

Observations containing rainrate, rainfall, or mlasing rainrate/rainfall observations were not
fncluded in the project. This iy consistent with other OPAQUE analyses (Shields, 1981). The scattering
properties of precipitation are significantly different from that of aerosols, thus producing an unknown
bias in the statistical relationships. The total number of observations deleted from each hour's data is
small, averaging 10 to 15 observations per 1-hour time bin. A separate analysis for rain cases i3 not
possible for such a small number of observations, Appendix C contains the number of omitted rain case
observations.

Eacn OPAQUE site took measurements fn Mean Solar Time (MST), where mean solar noon i{s the time at
which the sun reaches {t3s zenith, This allows comparison between measurements at dl.ferent OPAQUE
locatlons, The MST for Ypenburg is 17 minutes 28 seconds in advance of Greenwich Mean Time (GMT), while
Christchurch 13 7 minutes behind CMT. Table 2 shows the Ypenburg sunrise and sunset MST for selected
dates. These times were used to explore solar {nfluences on different combinations ¢f hourly groupings of
observations.
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TABLE 2. Ypenburg (52° 03' N, 3* 22' E) Sunrise and Sunset Mean
Solar 1ime (MST) for Selected Times (after the Air Almanaoc, 1983).

DATE SUNRISE  SUNSET DATE SUNRISE  SUNSET
Jan 0751 1542 Jul 1 0337 2006
Jan 15 0745 1600 Jul 15 0340 2000
Feb 1 0724 1630 Aug 1 ou0Y 1934
Feb 15 0659 1658 Aug 15 0426 1908
Mar 1 0633 1721 Sep 1 ols2 1834
Mar 15 0559 1746 Sep 15 0516 1759
Apr 1 0519 1815 Oct 1 0542 1722
Apr 15 oLL8 1840 oct 15 0606 1650
May 1 ou1s 1907 Nov 1 0637 1615
May 15 0351 1929 Nov 15 0701 1553
Jun 1 0329 1952 Dec 1 0727 1536
Jun 15 0322 2004 Dec 15 o744 1532

2.2 Meteorological OPACUE Data. The Ypenburg measured moisture element 13 relative humidlity, while
that of Christchurch 1s dewpoint temperature., The relative humidity must be converted to dewpoint since
LOWTRAN requires a dewpoint to calculate the water vapor contribution to the Barnes IR transmission,
Relative humidity can be defined in terms of total air pressure P (Fleagle and Businger, 1963),

RH = | —r ] « 100, (1)
)

where e |3 the amtient vapor pressure and eq 1s the saturation vapor pressure for alir temperature T,

The C(Clausius-Clapeyron equation (equation 2.88, on Fleagle and Businger, 1963) relates the
saturation vapor pressure ey o temperature for an {deal gas and pure water,
de L dT
3

- . . (2)
es Rmv T2

where L i3 the latent heat of vaporization and Rmv Is the specific gas constant for water vapor.
Integration of equation (2), considering the deviation from a perfect gas and experimental data, g!{ves ths
Goff-Gratch formula for saturation vapor pressure (equation 1! on page 350 of the Smithsonlan
Meteorological Tables (List, 1971)). Murray (1967) gives a form of *he Goff-Gratch equation more
convenient for computation,

e, = 7.95357242 « 10'0 « exp (X - X + 2), (3
where
X » 5.02808 « 1n A - 18.1972839 + A
Y - 70242.1852 exp (-26.1205253/A)

Z = 58.0691913 exp (-8,03945282 + A)

373.16
T ENT A

Shettle (1978b) devcloped an analytlc expression for relative humidity in terms of temperature and
dewpoint by least squares fit for equation (1) for various combinations of T and TD using equation (3) for
vapor pressure and an atmospheric pressure of 1013mb,

19.772 (1, - T)
A= [ g T ]+ 100, )




The conversaion to dewpoint is:

RH
19.772 » 'I'D + 1n (m—) + (269.9 + T)

RH
19.772 -~ 1n (1—00—)

~3

These approximations have an RMS error of 0.11 percent for -40 L T £40°C and 0 ¢ (T-TD) £ loec, and
a maximum error of 0.2 for -35 < T < 35°C.

“he hair hygrometer used by Ypenburg can glve biased results for high humidity measurements.
Shielda (1931) found that the highest values of aerosol IR extinction often occurred during periods of
constant high relative humldities, Altnough the values changed for each epirode ¢f high aerosol IR
extinction, they were all relatively close to 95 percent. The constant high ".umidity readings and high
values of aerosol IR extinction suggest thal the hygrometer was saturated and that the humidities were
actually close to 100 percent. It should bte noted that this problem only appeared in the preliminary
release of the OPAQUE data from the Netherlands; the final version of their OPAQUE gives the corracted
values of relative humidity.

The minimum detectadble wind speed for both the 10 and 2 meter cup agfmometer is 0.8 msac"'. There
{3 no e’lective way to distinguish between wind speeds of calm and 1 msec”'. Therefore, all winds which
are 1 msec ' and calm are grouped together for cumulative distributions. This combination i3 further
Justified since wind, {or the most part, 18 never truly calm.

2.3 Flectro-Optical OPAQUE Data.

2.3.1 Attenuation of Electromagnetic Propagation. The altenuatlion or extinction of radiation s
given by the Lambert-Beer-Bouguer Law,

1A - IA., exp (-bx D) , (6)

where 1 i{s the Internsity of the {ncldent monochromatic radlation, b, is the monochromatic volume
attenuation/extinction coafficient, D (s the distance over which the extinction nccurs, and Ix° 1s the
intensfty cf the monocnromatic transmitted radiation. The monochromati{c transmittance {s given by -’

LRI S SR _ (n

Bcth absorption and scattering by molecules and aeroacls (wet and dry) contribute to the total
monochromatic volume extinction,

b, = b + Db + b + D (8)

where ma {s the molecular absorption contribution, ms is the molecular scattering contribution, aa {8 the

aerosol absorption contribution, and as {s the aerosol scattering contribution to the total extinction
coefficlent.

Scattering can be one of two types, depending on the radius of the scattering particle. flayleigh
scattering occurs where the radil of the scattering particles are smaller than about one-tenth the
wavelength of the scattered radtatifon., Mie scattering covers all ratlios of scattering particle diameters
to wavelengths, but typically applies tc casca where dlameter-to-wavelength ratios are unity or larger
(Huschke, 1953). Aerdsol volume scattering predominates at shorter wavelengths while molecular absorption
becomes more |[mportant as the wavelength {ncreases. Table 3 shows the relative f{mportance of each
attenuating process for selected wavelengths,
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TABLE 3. Signifloant Atmospheric Gaseous Absorbers (Nater Vapor, H,0; Carbon Dioxide, CO»i :,
K Oxygen, 0,; anc Ozone, 03) at Visible and Infrared Wavelengths (after Cottrell et al., 19;9). o "g:
Yl
P4 5 NS
- WAVELENGTH INTERVAL (microns) BAND ABSORBER Q;g,a:_:‘
¢ ASSURBER 15
3 1.319 - 1,498 1.38 Hy0 A%
1.762 - 1.9M7 1.80 H50 2
2.520 - 2.845 2.70 H,0 .
] 2.904 - 3.7 3.20 H,0 .
%) 4,100 -~ 8.u5 4,30 c ;((
» 4.876 - 8.699 6.30 HyD
i 9.400 - 9.9 9.60 0 1
& 10.59 CO, -
i 12,960 - 17 14.70 co f
! 18.000 - 20.0 HZS =y

2t

lo Jues

The s1ze parameter y can be used to define the type of scattering that wlll occur,

2%r

I X == (9
';0 3'2
- Rayleigh scattering occurs when x 13 much less than one, while Mie scattering occurs when the siz
M paramezer 1s the order of one. Typically, aerosol particles such as dust, haze, and smoke have radii 10° e
,.'5| to 107" cm, which yields a slze parameter in the range of one to ten. ereroroa serosol scattering is of _“!_‘.'
" the Mie type. Molecules f{n El%e tmosphrere have a size range of 107/ to 10°° cm, which gives a size \;3
~; parameter y of the order of 10 °. Since this is considerably less than 1, molecular scattering is of the y,?-'
\ Raleigh type. be
4 LIRS
. \H
2.3.2 Visusl Transsittanoce. The extinction b was measured by two methods: the percent '

iransmission of radiatfon from a source to a detector (transmissometer) and from the amount of light
scattered out of a light beam into a given angular cone (point visibllity meter). For the OPAQUE project,
extinction refers to the transmissometer measurements and scattering or attenuation to measurements from
the point visibility meter. The effective path length for the Ypendurg tiransmissometer {s 1000 m. The
reported extinction values were converted to a 500m path length during data reduction to be compatible
with ths Barnes transmittance path length (ses equation 12), Table ) gives additional information on the
two measurement procedures.

For the visual spectrum, or more specifically the
photopic band {in which the human eye {s sensitive in daytime
(.38 - .78 microns), molecular absorption 18 negligible 10

L]
B

it

(Cottrell et al., 1979). The primary source of extinotion is ,‘31"-
from aercsol scattering. The E0/Met simulator uses the visual :g;n‘
extinction since the Eltro transmissoneter measurementsa are &
along the same baseline as the Barnes infrared tranamisasion - A
measurements. - )
=

2.3.3 Infrared Transmittanoce. The Barnes e O,
transm{::scmeter measures transmittance over a 500m path length 2 c";
(along .'e same path as the Eltro transmisaometer for visual & 3 1 ',“q:

extinctl ») for four spectral bands: 3.4-5.0 um, 8-12 um, i‘ “:s"
8.25-13.2 um, and a narrow band around 4 um. The bands have a = ;"!.
minimum cf molecular absorption. The transmissometer measures - v:y'
tranamittance for the four spectral bands with a rotating @ A e

filter vheel at the receiver. Fenn et al. (1979) give a
deacrigtion of and calibration procedures for the Barnes ‘q‘f'
Transmiscometer, The measurement period for the fow "“o.
meaturements 1s U minutes at Ypenburg to 10 minutes at 0 A L N A h
Christchurch. The filter changes position to a new spectril 3 4 [ :
band once each minute. Since measurements for the two WAVELENGTH (MICRONS) A0,
infrred spectral bands are from the same instrument, the "’i
observations are no 1longer independent of each other. The =
errors of observation from each measurement may now be

cerrelated and can  have a significant eflect on cross Figure 2. Relative Spectral Responne i
correlations. of the Barnes Transsisaameter Reocelver I:‘:;
for the 3.8--5.0 Mioron Fllter (after (o

Figures 2 and 3 shcw the relative spectral response of Janssen and van Schie, 1981). .l'l,’

the Barnes transmissomet  receiver for the 3.Y4-5.0 and 8-12 A
micron fi{lters (Janssen and van Sonhie, reppectively, 1981). "
7 S 0;6;

o

1,0y

-

Sols

.'0‘:

- e
Wt o o e o . 1,0



¥

j

Tne S00m path length emphasizes high humidity and low
visibility oconditions, Table 3 shows the relative
importance of absorption by water vapor (H,0), cardbon
dioxide (CO,), oxygen (0,), and ozone (0;) from 1 to
20 microns (Cottrell et al, 1979). Molecular
absorption increases in importance as the wavelength
of the radiation increases. Except for a few bands,
molecular absorpticn is 30 strong that radiation
undergoes substantial attenuation. For a few sesected
bands, transm{ssion becomes a function of the
concentration of the above molecules rather than the
total attenuation that normally occurs. With the
reduced molecular absorption, aerosol scattering and
absorption can become important ocontributors,

RELATIVE RESPONSE

2.3 Equivalent Aerosol Infrared Extinotion.

2.4.1 Aerceol Transaission. Table 4 shows ) ) ) .
the relative {mportance of the four extinction ! [ ' " " 7 1
processes over selected spectral intervals. For the WAVELENGTH WICRONS
visual spectral band (0.4 - 0,74 um), scattering of
radiation Dby agerosols is by far the largest
contributor to extinetion changes. Aerosol absorption
can become importarit as wet haze chariges into fog and
mist. Molecular scattering by water vapor gives a Figure 3. Relative Speotral Response
small oontribution for very high (> 95%) relative of the Barnes Transmissamoter Receiver
humidities. The entire reported extinction for the 8.0--12.0 Miaron Fllter (after
coefficient can therefore be treated as aerosol Janssen and van Schie, 1981;.
extinction coefficlents,

TABLE 4., Relative Importance of Rach Attenuating Prooess for
Sclected Wavelangths (after Cottrell et al., 1979).

IMPORTANT VOLUME ABSORPTION
AND SCATTERING COEFFICIENTS

WAVELENGTH REGION (in order of importance
0.40 - 0.74 ®as,\ Pzs,\ Paa,)
0,74 ~ 2 un bu,x baa,x bma.x
3.00 ~ 5 um b,

ma, ) Dns,x baa,x bma.x

8,00 - 12 um : bma,x baa,x aarr

Molecular absorption, aerosol absorption, and aerosol scattering all contribute to {nfrared
extinotion. Molecular scattering plays a relatively minor role in infrared extinction, Liko the visual
transmittance, aerosol size and concentration greatly influence changes in the infrared transmittance.
Unlike the visual extinction, which {is affected by the sub-mioron region of the particle slze
distribution, infrared transmittance ia mostly influenoced by the larger aerosols, For a given aerosol
size distribution during a haze event, visible light transmittance will ba lower than {nfrared
transmittance, Howaver, 1in fog and miat where there i{s A larger number of droplets whose size is about
ejqual to the wavelength,, the infrared transmittance may be equal to or leas than the visual
transmittanoce, To allow a direct oowpariaon with the visual aerosol extinction, the total IR transmiesion
can be separated into the transmission due to aerosols, water vapor, and molecules.

2.8.2 Aerosol Extinotion Coefficients. A more general form for the tranamittance given in
equation (7) is (Fleagle and Businger, 1965),

I.(x)
1, (R) = ; 2., (10)
Ao
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where Ix(xo) and J,, are the radiances at path lengths x, and 0 respectively ang 1,(R) 1= the range o
dependent transmittance, Equation (10) i{s valid for monochromatic radiation only, The broadband sensors 1%
of the Barnes transamissometer produce an average weighted transmittance (Shettle, 1978a), Aty
&

- huMmaRhy '

1 - L ’ (11) :‘

f\ LI SN

lL_"

where W is the radiance of the source (A 650°C blackbody for the Barnes transmlssometer) and R, is the N
spectra{'response of the sensor (figures 2 and 3). The equivalent extinction coefficient for broadband 50';{
transmitted radiatfion is defined by:
(-

- n '
B‘"-"ID""‘ » (12) .

= ."'
vhere 8 1a the welghted average extinction and D is the path length, ,'.;_‘
1

The total transmjttance can be represented as the product of the average transmittances for the ;;:2?
various atmospheric constituents: ’;’g;-
&,

1 =1 - - } .
1 Taar ‘H20 (T.TD) Tmol(T), (13) :

v
ISR

!.ii’

where Taer* TH.O® and Tmol are the average tranamittances for aerosols (both wet and dry), water vapor, '*;9
and other molefular components and T, T, are temperature and dewpoint respectively, Each transmittance Ey
can be calculasted from an equation analogous to equation (11). Each transmittance {ncludes both ;:,s
N A

scattering and absorption, although a particular process may be relatively unimportant for specific W
apectral regions. Equation (13) is vall¢ for monochromatic radiation only. Application to the infrared
windows results {n total transmittance errors that are usually less than one percent, which 1s better than
the Barnes transmission measurement (Shettle,, 1978a).

2.8.3 An Aerosol Bxtinction Model. Following equation (13), the welghted average aerosol
transmittance {s:

T .- ‘meas (u) A

aer 1H20(T.TD . Tmolzﬂ (.

where 1 is the Barnes transmission observation. The calculations for 4.0 and Tgo) are based on the %
D

mgas .
LOWTRAN % average broadband transmittances, Shettle (1978a) presents the? partly theoretical, partly
empirical, equations for water vapor and molecular transmittances, .

1H20(TATD) e 1= (C1 +C2) » exp [(D1 » D2 - T) Tpd » (15) ':‘.

meI(T) = E +« FT(16) ’

where equation (5) provides the dewpoint input. C1, C2, D1, D2, and F are fitted constants which depend i’-.'.-'
on the transmissometer and the transmission range. Table 5 gives the fitted values for each OPAQUE '
locatlon using a 500m path length, s
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TABLE 5. Comstants for Moleoular and Water Vapor Transaittance (after Shettle, 1978a).

3.4 - 5,0 MICRONS 8 - 12 MICRONS )
2
@ CONSTANT YPENBURG CHRISTCHURCH YPENBURG CHRISTCHURCH
- ¢ T6.536-2 I, BulE-2 5.553E-2 6.734E-2
ce ~2,658E-4 ~2.228E-4 -2.796E-4 ~3.024E-4 5
D1 4,751E~-2 5.127€-2 6.661E-2 6.075E-2 .
D2 ~3.913E-4 =4 114E~4 2. 0ULE-S 2.107€E-5 g‘;
»
0.8661 0.8629 0.9919 0.9857
h 1.40 E-4 1.32 E-4 3.8 E-5 4,0 E~S
AVERAGE ERROR 0.004 0.003 0.007 0.007
MAXIMUM ERROR 0.008 0.006 0.022 0.025%
)
The wavelength dependence 13 3siow enough for a.rosols 30 that Beer3s Law (equation €) holds for S

relatively wide spectral- reglons, The average welghted aerosol extinction for a .5 km path length follows !
from equation (12), K

-ln 1
- aer
8 - -

aer .5 ‘ an

All measurements are subject te¢ ranijom error of observation (see Paragraph 5.3.1 for a complete )
discussion). Shields (1981) found that most of the measurement uncertainty from random error of e
observation was due to the two percent pcasible error in the total transmittance measurement, Shields !‘*}
sives an estimate for the aerosol infrared extinction error range as

- 1n [exp (- 5(B .+ B )) ¢ .02] )

. mol } HO ( ] i
[} - - - |8 . (18)
aer 5 mol + H,0 i
Y Tadle € shows tho aercsol oxtinctions resulting from a it 2 percent change .. the total
}’\( transmittance, when the aerosol IR extinction s low, measurement uncertainty causes 703t of the
i -
variation, A3 the extinction values approach ' km ', more of the changes in extinction car ¢ attributed

to other causes,

TABLE 6. Aeroscl Extinction Uncertainty for * 23 Uncertainty in Total Transaission
(after Shields, 1981).

AEROSOL EXTINCTION 3-5 MICRONS 8-12 MICRONS
1 T + ,02 t - .02 v+ 02 T — .02
.01 ~.04 .06 -.0l .06
.05 .00 .10 .00 .10 :
.10 .05 .15 .05 .15 b
.50 .3 57 Y .56 ;,,
1.00 .92 1.09 .93 1.08
5.00 b, ue 5.75 4,5 5.65 2l
10.00 6.86 ® 7.05 ® :
Error 1in relative humidity measurements, where the hair hygrometer has a flive percent error, has
only a small effect on low extinction values and does not significantly affect high extinctions (Shields,
1981). The molecular and water vapor extinctions are functions of temperature and relative humidity., An
uncertainty of one percent in temperature gives an uncertainty of .007 km ' and .014 km~! in the final
infrared aerosol extinctions for the 3.U~5,0 and 8-12 micron bands, respectively. An uncertainty of ten B
percent In relative humidity ylelds an uncertainty of ,018 km ' and .03 km~ ' for the two bands, R

4
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CHAPTER 3
BASIC TECHMIQUES IN ENVIRONMENTAL SIMULATION

3.1 GQemeral. USAFETAC/TN-82/004, Basic Techniques in Environmental Simulation, contains a ccmplete
description of USAFETAC's capabilities in the environmental simulation arena. Because the development of
the electro-optics/meteorology (E(Q/Met) simulator uses 80 many of these concepts, discussion of the basic
simulation models has been condensed from USAFETAC/TN-82,/004 and is included in this ohapter. For a more
detatled discussion of the statistical background, see USAFETAC/TN-82/004, Chapter 2. Tr.e EO/Met
simulator uses the USAFETAC Multisariate Triangular Matrix (MULTRI) model to produce a simulated time
series of an EO/Met variable or variables at a single location. Therefore, the discussion of the basic
single variable, single station model and the MULTRI model are included in their entirety.

/

3.2 Basic Concepts.

3.2.1 Probability Distributions, Denaities, and Distribution Funotions. A random variable can be
either discrete or continuous. The EO/Met variables witnin the OPAQUE data base can be treated as
continuous real random variables over a defined, closed interval. Therefore, only continuvous random
variables will be discussed in association with the EQO/Met variables. If X(S) is a random variable on a
sample space S with a continuous image set, i.e., the image 9et X(S) is a continuum of numbers ovar the
interval set {a £x< b}, the probability of the cliosed interval of X can therefore be represented as:

Pr(a <X <Db)=Pr {{sesS:ac<X(s)<bh, (19)

For a piecewise continuous function fx. the probability Pr (a LX< b) is equal to the area under
the graph rx between x = g4 and x = b,

Pr (a < X <Db) = IZ fy (x)dx | (20)

where X is the random variable and x is a dummy variable., The function fx is the probability density

funotion (PDF) of X. The PDF fy satiafies the oconditions that (1) f 1is non-negative and (2) the total

area under the graph is unity,

fo (x) dx = 1, (21)

The cumulative distribution function (CDF) Fx of the continuous random variable X is defined as the
probability that X will take on some value less than or equal to a threshold value X,

Fy () = Pr (X <x) = [X £(e) ax, (22)
where t is a dummy variable. The CDF satisfies the conditions that:
(1) Fy (x) is monotonically increasing,
Fx(a) < Fx(b) for a < b, and (23)
(2) the lower limit of Fy 1is zero,

lim Fx(x) = 0, and (24)

X -
(3) the upper limit of Fy is unity.

lim Fx(x) =1, (25)

X o

1




The PDF fy of a continuous random variable X i3 a derivation of the CDF Fy,
tx(x) - de/dx > 0. (26)
Probabllity and cumulative probability are related by:
Pr(a¢X¢b) =Pr (X <Db)-Pr(XZa)
- [P, f(oreae - 2 r(t)ae (27)
-Fx (b)-Fx (a) .
The probability that a continuous random variable X takes on a single specified valua d {s zero,
Pr(x = a) = [4 £(t) - F (@) - F, (@) = 0 (28)
d X X .

For two events A and B that occur simultaneously, a Jjoint probability of the joint event can be
described as Pr (A B). Let X and Y be continuous random variables whose joint PDF is fyy and CDF is Fyy
(x,y). The two are related by:

2

r (x, y) Ty

XY F XY(x.y) (29)

and the joint CDF {s
v X [y
Foo (x,y) « Pr (X ¢ xandy<y) = [* [I £ (s,t)¢s at, (30)

XY -

If only the behavior of one of the varlables, say X, is required, then the PDF of X can be found by
integrating the joint PDF over all values of Y:

£, = [0, 0y (x09) as. (31)

The probability distribution of one variable, regardless of the value of ‘'.e other variables is the
marginal probabliity distribution. The cumulative marginal distribution becomes:

Fy (x) = Fyy (x,@) = Pr (X ¢ x and Y < @) (32)
= Pr (X < x)
x an
- [ I, tyy (sit) ds at

- X, 1, (o) as.

3.2.2 Stochastic and Markov Processe::. The stochastic, or random, process 18 the heart of
environmental simulation modeling. The process {s a succession ¢f values taken on by a random variable t
X(t) as a function of the parameter t. The parameter t is drawn from the set T, called the index set of A
the process. Random processes are controlled by probabilistic laws, In many applications, the index }f
parameter t of the stochastic process represents time but can also be used as some sort of event sequence
number. A time series is a finite realization of a stochaatic process where the index parameter t
represents time. A time series can be produced elther in the form of output from a model or {n the form




)

of experimental data, A time series, in other words, {3 a sequence of values of a random varjable
¢ollected over discrete or continuous time.

In a stochastic process model, a random variable q, can be formed as the sum:
q, = d, * e, (33)

of a deterministic part d. and a random or stochastic part e,. Typically, the deterministic part contains
the contribution of preceding values Qg-1» Qp-p: etc., in the series but may also have terms such as q
representing the mean value or q representing a secular or long-term trend in values. The random part €
of the solution introduces noise or uncertainty into the process being modeled; otherwise. the process
would not be random at all. As shown in equation (33), there is no restriction on the form of €,, but in
practice it tends to be efther (1) a number drawn at random from a population distributed uniforaly over
the interval [0,1) with mean of 1/2 and variance of 1/12, or (2) a number drawn at random from a
population distributed normally over the interval (-», @) with mean of zero and varlance of 1; [{.e.,
N(O,1). That {s to say, €, is elther a uniform random number or a normal random number.

If the stochastic process shown in equatfon (33) above is further assumed to be covariance-
stationary, then nelther the mean(s) nor the variance(s) of the quantity(ies) being simulated are
dependent on the index parameter t (i{.e., they do not change with time {f t represents time), and the

covariance between two succesaive values, and i.e., Cov(q,,qy,s+) becomes a function
only of the 3separation At between the tu3 and does not dgﬁend on the absolute values of the {ndex
parameter t. Also, the correlation p between successive values of Q becomes dependent only on the

separation At; 1.e.,

C°V(qt'qt+At) Cov(qo.th)
Proeeae T Par T T - 2 (34
' Yo 2 g
t Creat

, 2 2 2
‘becavse o, = 0 = Op,, ).

Applying the covariance-stationary assumption to the process of equaticn (33) leads to the linear
autoregressive (AR) relation,

Ay = By * ByQpy * B p * oot BQ gt ey, (35)

where the 81 are the autoregression coefficients, and the ¢, is an independent error term. In this
formulation, the deterministic part of the golution depends on the lag-one value Qe the lag-two value
Q-2+ etc., and the random part of the solution 1s now an independent error term with mean of zero.

The AR process (equation 35) can be further restricted by applying the first-order Markovian
assumption that the value qy of the process at t depends only on the previous value Q- Then the model
becomes:

Q = By * Badp_y * &y (36)

an autoregressive (AR), [firat order Markov model. For such models, the serial correlation p (the
correlation in the t-dimension) fcllows an exponential decay law (see Appendix A):

Pat " P1 (37)

where p, 1s the serial correlation for lag At = 1. Equation (37) shows that for & Markov model,
realizations spaced At units apart will have correlation

pAt_

13
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in order to estimate the parameters 8o and B, and to specify the form of the error term €pr Qg and
Q-1 that are assumed to be derived jointly from a bivarlate normal population with means:

My = Wy g =M (38)

and variances:

tag t . g? (39) :

% t-1

This causes the regression functlon of q, on qp_y to be linear and homoscedastic (of constant
variance). The conditional expectation of q, given q,_, 1s:

E(qtht_1) L IR C R Y (40)
where p 1s the correlation between Q. and Qg1 and the variance ia:
Var(qtht_‘) - 0*(1 - p?), (4
which {s independent of Q-
As shown in almost any elamentary statistios text, the standard normal variable (equivalent normal

deviate) 2z, corresponding to the normally distributed raw variable w with mean (expected value) u, and
standard deviation a, 1s

z, . ——, (42)

W= o+t02Z . (43)

Using qtht,1 for w in equation (43), and substituting from equation (40) for u, and equation (U1) for o,
yilelds

Q =urpla_-w ooz, (44)

where z_ 1s a random normal number. Comparing equation (44) with (36) shows that:

Q
80 = u(1 - p) and B, = p (45) "
2
€, =0 /1 - 2 . (46) g

Equation (44) can be rearranged and transformed into mean-deviation form using:

z
- - 4 ;
Ve T ) T M T E}
, ¢
Py
with the result: A
(n

2 . L J

Ve " PV, * O /1 - 0% n (48) .
\,‘,"
where n, like zq, is simply a random normal number. R
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Equations (33), (35), and (36), (44), and (UB) present a spectrum of increasingly more spocific and -

more restrictive stochastic process models. Equation (33) 'ts a very gensral form that can be used to A
describe almost any stochastic process model. Equation (35) represents a covariance-stationary, linear Ry
autoregressive (AR) process., Finally, equations (36), (u4), and (48) further require the first-order hAY
@ Markov assumption be made and normally distributed according to the bivariate normal probability is'
distribution. N
s

Equation (48) is the Ornstein-Uhlenbeck stochastic process model that forms the basis for much of il

the present work in environmental sjmulation modeling. It is a first-order Markov process in which the

probability that a physical system will be in state x, at time t, may be deduced strictly from knowledge ;?;
of the aystem's state Xq at time to and does not depend on the history of the system before "0' '

when applying Markov models to data, one must estimate the order of the Markov model that best fits
the data. Whiton and Berecek [1982) show that wind apeed, which roughly has an exponential decay of 4
autocorrelation re asa function of lag k, complies with the restrictions of the AR(1) firat order Markov -f
modei. It is a common and usually justifiable assumption to treat other weather variables as a first-
order Markov process. Since the electro-optical variables are a function of the meteorclogical variables,

NG
{t 1s also equally Jjustifiable to treat them as a first-order Markov process. é;s
{3
3.3 Single-variable,Single-station Model (V1S1). USAFETAC's basic environmental simulation model ::*1
is an Ornstein-Unlenbeck stochastic process. This single-variable model is an autoregressive (AR), first- uf{
order Markov process in which each value of a random variable )(t 1s taken to be a particular value of a ;:
stationary stochastic process. The Ornstein-Uhlenbeck process is well based in the statistical lliterature i
and can be applied with substantial justification to variables whose time series have a random component
and approximately adhere to the first-order Markov restriction.
)
The generation of a time series of a single meteorological variable would be quite simple if each Pyiet
value {n the time 3equence were independent of all others in the sequence. In general, this i3 not the ,a:
case. whether successive meteorological observations are 1independent depends on the time separation a:f“"-
between them. The common separation between surface meteorological observations is 1, 3, or 6 hours, At o

these separations, successive observations of most meteorological variables are not serially
independent. A goal of a simulation model should therefore be to reproduce this serlal dependence between .
successive values of the particular meteorological variable being simulated, as well as to reproduce its hets

probabllity distribution. q.;:
4
A
P Assume that the variable to be simuiated is normally distributed. If the varlate is not normally -ii:T
@t‘ distributed, then it can be transformed to the normal distribution by expressing the values of the raw ?'..‘.:
variable in terms Of its equivalent normal deviate (END). (Transformaticn of varlables to the normal -
distribution ts covered in detail in Boehm (1976) and is summarized in Section 3.4}, The joint pormal
density function of two weather variables X, and X,,, at times t and t+1 with mean y, variance ¢ , and »if
aserial correlation p between successive values is i}:,
s‘
t (x, %, ., K
' - LA
xtxto‘l [ A A 3 LI
e w220 (x ) (x w0 + (xyyyow)’ £
—r 77 exp( -+ 1 ] (49) ":“_
2ng (1-p )7 20 (1-p ) :;
Wy
The joint normal probablility of two random variables with the same mean and variance depends only on "'
W, 0%, and their correlation p. The generation of a time series of observations then requires the
conditional distribution of the weather variable at one time given the value of the variable in previous R
[ hoursa. If the weather process approximates a first-order Markov process, then the value of the varlable A%
at time t summarizes the dependence of the distribution of the variable for all previous hours. If "
successive observations of this arbitary weather variable have a multivariate normal distribution, then Y
the conditional distribution of X,y i{s normal with mean and variance equal to A
i
\ E[th|xt-xt] = opxm W) (50) W
1 ¥
! AR . 2
t Var‘{XtHIXt x,J=0 0 -9, (51) .“
{ Wi
[}
!_.,_;m where x, 1is the value of X, at hour t. From equation (51), the larger the absolute value of the serial b
} correlation p between the values of the variable, the smaller the conditional variance of Xt,l, which does
F&F” not depend at all on the value of x,. Mg
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A time series of synthetioc, normally distributed variables with mean y, variance 02. and serial

gorrelation p {s produced by the equation,

X, ;= u* p(Xt -u) ~o 1—92 n

t+ (52)

t »

when N is a standard normal random number, 1.e., a number drawn at random from a population with a mean
of zero and a variance of unity, abbreviated as N(0,1). Each Ny is totally independent of past values of
n as well as past values of X. If the variable being simulated 1s expressed as an END (which itself is
distributed N(0,1}), then equation (52) simplifies to:

Xpyy = PX, * -2 Ny (53)

L1
(a) (b)

which is an Ornstein-Uhlenbeck stochastic process in two parts, a deterministic part (a) and a random or
atochastic part (b) expressing the uncertainty in the randcm process. X¢sp will have a normal
distribution if both X and n, are normally distributed because the central limit theorem states the sums
of independent, n ormally dlstrﬁbuted random variables are normally distributed.

In the case of independence between successive X values (p = 0), the deterministic part (a) is O and
the stochastic part (b) 1s 1, 8o successive values of X are fully random. In the case of complete
positive dependence between successive values of X (p = 1), the deterministic part is fully in control,
and each succeeding value of X is identical to the previous value of X.

whiton and Berecek show that the model defined by equation (52) reproduces distributions with the
correct conditional mean and variance defined by equations (50) and (51). The conditional mean of X,,
does not depend on the assumption that the random variables Xt and ny are normally distributed. This
relationship applies to all autoregressive Markov processes in the form of equation (52), regardless of
the distributigns of Xy, and Ny . However, If the variable Xt at time t is normally distributed with mean u
and variance o“ and 1: the n, values are independently normally distributed with a mean of 0 and yariance
of 1, then the generated X's for t > 1 will also be normally distributed with mean u and varlance o°.

3.5 Transformation to the Norsal Distribution. In order to apply equation (53) to a weather
variable that 1s not normally djstributed, one must first transform the non-normal variable to {ts
equivalent normal deviate (END) e. The transformation to the normal distribution is referred to as
transnormalization. The probability density function of the standard normal distribution is given by

o(u) = exp(-§ /2). (54)

/2n

The cumulat‘ve probability that the random variable X is less than some threshold x;, whose END is
E, is the integral of the standard normal density function from -= to E,

¢ (xp) = Pr {x ¢ xt} - I?_ ¢(u) au. (55)

Trhe probability Pr (X < xT) 13 thus actually the area under the standard normal curve from -« to
E. Figure Y4 snows the shaded area for an integration of the normal probability distribution from -= to E,
which yields a cumulative prcbability of 0.351. This integral cannot be determined analytically. In
practice, one uses a polynomial approximation to the integral of the standard normal distribution.
Although tables of integrals of the normal probabtility distribution can be used, rational approximation
works better on a computer.

Figure 5 depicts the empirlcaily determined cumulative frequency distribution Pr (v < VT) of the
visual extinction at Ypenburg for October at OUOO MST, where V represents tqe extinction per km and v
some threshold valie of the extinction. For an extinction of Vp o= .45 km ~' the probabllity that Pr ¥V <
vy ) 1s 0.351, A probability of 0.351 corresponds to an END of 0.381. Because the observations of
extinction are limited in number, it is better to say that a .i5 km.1 extinction corresponds to an END of
-0.351, Table 7 gives sample values of visual extinction and the corresponding values of cumulative
probabilities and ENDs.
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TABLE 7.

Trananorsal ization from Yisual Extinction
to an END for Ypenburg, WM., at 0400 MST, Ootober.

Visual Cumulative
Extinction Probability END
.10 0.05 =1,645
.20 0.16 -0.9%4
.30 0.25 -0.674
.51 0.39 =0.279
.75 0.50 0.000
1.01 0.59 0,227
2.50 0.82 0.915
| 1
1 «'/3
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Figure A. Norsal Probability Distribution Integrated

fram —= to K, Yields a Cumulative Probablility of 0.351.
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Figure 5. Cusmulative Distribution Function of the Visual Extinction

THRESHHOLD VISUAL EXTINCTION V, (k')

at Ypendurg for Qotober at 0400 MST.
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The CDF {s from the OPAQUE data
and the modeled distribution is the Johnson single-bounded {(lognormal),




Using the normal transformation, every extinction correspunds to an END of that extinction, Since
END3 are {n themselves normally distributed with a mean of zero and variance of one, they can be used as
random variablea in the Ornstein-Uhlenbeck process represented by equation (53), Such a process for
extinotion (not normally distributed in general) is

k1
=
~N

yt’1 = p vf. + 1 - "] nt. » (56)

where ; values are ENDs of the visual extinction.

To see how such a simulation might work in practice, consider a case with an initfal visual
extinction of .51 km ' (which corresponds tc a meteorological visual range of 7.67 km using Koschmieder's
constant of 3.912). The corresponding END {s -0.279. Assume a correlation according to Gringorten's

model,

by, = 0.9us"* (s7)

where 4t is the time step (unity in this case). Applving the Ornstein-iUhlenbeck process in equation (53)
using a generated random norwal number Ny = 0.325 ylelds:

V... = (0.S45) (~0.279) + (/1 - 0.9u5%) (0.325)

tel

= (0.945) (-0.279) + (0.327) (0.325)
» =0,263 +« 0,106

= - 0.157 ,

which corresponds to a visual extinctlon of about .601 km ', At the next time step, .‘;t becames -0.157.

Another random normal number is drawn, say -0,102. Tnen:

Ve.y = (0.945) (=0.157) + (0.327) (-0.102)

= 0,148 + 0,033

= =0.115,

which corresponds to a visual extinction of about .688 ka™'.

If continued, this process will generate a time serles of the visual extinction whose probability
distribution {s the same as the distribution specified fnitially within the limits imposed by sampling
arror, The process will not necessarily produce the same durations as those of the original data. The
distribution of durations of low visibility episodes is affected by the parameter pyy @nd by the first-
order Markov assumption. It {s possible to determine a value of Pyy that will ‘eat "rit"™ a given
distribution of durations,

3.5 Two-varisble, Single-atation Model (V2S1). The simulation model expressed in equation (53) 1s
severely limited, in the sense that {t can be applied only to a time series of a single varifable, One is
frequently interested {in simulating more than one variable in such a manner es to preserve the cross-
correlation between them. The V2S1 model handles the two variable case by including two time series of
ENDs, one END for each of the two variables, and then carrying the crcss-correlation information in the
stochastic part of the solution. For example, for ENDs ¢ and v for relative humidity and vi{sual
extinction, respectively, the time series advance by separate Ornstein-Unlenbeck equations desired by the
V151 model,

i W .
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n
Cpuy = P c, + /1 -p n (58)

; -p:*/l-pzn. (59)

yv t \AJ v

To produce time series of humidity and extinction that are correlated across variables (il.e., oroas-
correlated), the stochastic parts of equations (58) and (59) must be linked. This is done by generating a
random normal number of extinction ux that s oorralated with that, ne+ Previously generated for
hunidity. To do this, the prooedure is first to generate an independent Ny and then to set

n o+ -p 2q, (60)

- pt
n pCV [} [+3)

Y

where n 1s another independent rando>e ncrmal number and p;v is proportional to the coross-correlation
between ENDs of humidity and extinotion., Equation (60) 1s the generation algorithm for produsing ENDs
having the correlatilon Pay*

In the case of independence when p;v = 0, n, = n and equations (58) and (59) gengrate unrelated time
series of humidity and extinction, In the case of perfeot positive correlation, when Poy = 1

N ® N

the time seriaeas for extinction will depend completely on that for the humidity, 1If p o and p,, beth are
one, the two time series will be identical except for a shift due to differing initial values. In the
intermediate case, extinction and humidity will be partially correlated according to the value of Pay+
whioh 1; proportional to the correlation Poy Dbetween humidity and extinotion, The process is depicted Xn
Pigure 6.

Figure 6. The O-U Simulaiion Process for the Two Variable Case.

The serial correlation p,, between humidity at t and humldity at te+! is preserved, as is the
correlation p,, between extinction at time t and ex'inction at time t+1. The correlation Pg between
humldity and extinction at the same time is proportional to pg, through a constant of propor‘{lonal f.
Whiton and Bereocek (1982) show this oonstant of proportionality to be:




, 1 -p,. P
p - —t p.., =~ Tp . (61)

cv cv cv
2 2
v Poo v 8y

The factor f reduces to 1 when Poc = Pyy but otherwise {s greater than 1, so

>p .

[
pc‘l = cY

From equation (50), the real solutions con be obtained only if Poy 19 less or oqual to unity.
Hence:

]
rpcv51.and °cv5r'

Thus, the mathematics {mpcse an upper limit on the cross-correlation this model {s capable of
producing betwden the two variables, For example, if Poc * 0.8, Pov ™ 0.4, and £ = 1,24, then Pgy Cannot
exceed 0.81. In this case, the model in i{ts present form cannot simulate "c¢c" and "v" whose EyNDa are
cross-correlated more strongly than 0,81, This upper limit on Poy depends on p ¢ and p and¢ muat be
treated on a case-by-case basis. In ths special case where Pov = Pgye Cross correlation valuea up to 1.0
can be simulated.

The V281 model does not explicitly preserve what 1s known as the cross-lag ocorrelation, such as
PYViCrays the correlation between the extinction at time t and the humidity at 2ime t-+i1, Whiton and
Berecek show that the cross-lag correlation reduces to the product of autocorrelation of the first
variable and the cross correlation between the two varlable,

p “p p (62)
SVt celev e

This 18 equivalent to saylng that, for the V2Sl model, the croas-lag correlation reduces to the
automatic correlaticn between the two variables, Figure 7 shows the applications to the V231 model,

Figure 7. Correlation Influenos Diagram for the Two-Variable O-U Model. Tne oross-lag
correlation {s shown as a dottad line because i% reduces It to automatic correlation {n this model.
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Whether this {s true in nature (s another question. & model {3 a saimplification c~ ganeralization
of nature, Work conducted to date gives no indication that reducing the cross-lag correlation to the
automatic correlation has any adverse affect on the model as a weather simulator. Whiton and Berecek
(1981) believe that cross-lag correlations between ceiling and visibillity are very equal to autamatic
correlation. Whether this 1s true or at least approximately true for other variables {38 subject to
verification using actual data.

3.6 The Multivariate Triangular Matrix Model.

3.6.1 General. Although the V1S1 and V2S1 models are excellent for time series of one or two
varlables, few simulations are limited only to two variables. The Multivariate Triangular Matrix (MULTRI)
model 1a capable of generating an independent vector of N correlated elements. These elements can
rapresent several varlables at a single station or a ajngle variable for different time steps. Whiton and
Berecek (1982) show the MULTRI model for two variables reduces to the V2Si Orstein-Uhlenbeck model. The
MULTR]L simuiation model allows more flexibility than the V1S1 and V2S1 models.

be a vector stochastic varlable consisting of §J = 1,
N observations X, such that:

3.6.2 The Variance~Covariance Matrix. Let X
2, 3, ..., Mscalar varlables xJ and k = 1, 2, 3, ...,

J »
Xy Xy N
Xy ) - Lo X220 cee Xy K (63)
XN XNz e XNy .

The «kth observation of X is the row vector:

- X 1. (64)

-x'k 1% X2k v ka

The randen vsriable X can be expressed in terms of its deviation from the mean X by

x = X-%. (65)

IX,? IX, X, v X, Xy
IX3X, IX,? cee X 2%y
X'X - (66)
| ZXHX, I:XHX, IXM .
Similarly, the deviation-score SSCP {8
Ix,? IX)X, . X%,
LX,X, Ix,? IxaXy
x'x = (67)
. - ii2 |
M M2 M °
The two are ralated:
X'x = XX - XX, (68)

which gives the computational rule for obtatining x'x.

21




An unblased estimate of the dispersion or variance-covariance matrix D is given by dividing the
elemonts of the deviation-acore SSCP by the number of degrees of freecom, i.e,, N - 1,

1 N X' X
Doogoe [ = = , (69)
N-1 Kol k k
or
1 N
D v — I X, X
13  N-1 Kol 1k“jk
where k 13 a datum index varying frum k = 1 for the first vector x to k = N for the final veotor, Note
that D is & symmetric (M x M)-dimensional matrix. The maximum 1ikelihood eatimate of D is given by:
. N '
: X' X
D = E(x'x) = T Tk Tk (70)
Ke1
or:
1 N
DLJ “§ k§1 xlkxjk . (1)

The maximum likelihood eatimate 1s used in this and similar contexta because as long as N' data are
Such a matrix

independent out of N total data, the variance-covariance matrix will be positive definite,
variance-covariance estimates will

18, in theory, invertible, The maximum likellhood estimate is biased;
The bias is not a problem in this application,

be smaller, on the average, than they should be,

The variance of a variable X is:

N
1
3, - 2 - - - - = - -
o B (X = u)? ) = EL (X = u)(X =) )eg kE1 (K uy) (X = uyd (12)
The covariance between two variables X and Y isa:
1 N
Oy * E[ (X - ux)(Y - MY) ] . N k§1 (Xk - ux)(¥k - “y) . (73)

The linear correlation p between X and Y 1s simply the covariance between X and Y divided by the

product of the standard deviations of X and Y; 1.e.,
[4 - OXY
XY oy UY
or:
(X = w,) (Y - u)
X
byy = Bl —— —X 3. (7H)
X Y .

Note thut the covariance of X with X reduces to the variance X; 1{.a,,

2 2
oXX-E[(X-uX)(X-ux)]-E[(X-ux))-ox. (75)

The covariance between a variable X1 and a variable X2 1s:

1 N - - 1 N
%2 *§ KE1 ()(1 - X‘) ()'.2 - X2) "N k:1 X1X2 (7%)
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and between X, and X3 is:

3 an »

Thus, the varisnce-covariance matrix v can te written as:
0 0 g
n 12 1M b
g- %21 %2 Tom (78) 3.
. M1 M2 T4 l
or: L
2 :
] [+] ree /]
1 12 1H
D- S5y 9, O o (79
L") Oy % . s
Because
O%y %% % Pxy (803 ar
the varliance-covariance matrix can be written as: .
2 z
°1 o . $19P2 oo :|:M2m
2
D - 92992 2 2 M 2M (81) B
%2 IM%2Pm2 ™ . Eaasg
. bt
The form of the variance-covariance matrix D is such that the sample variances oy are along the 'gfe;'
main diagonal ani the sample covarliance 9140 14} are the off- diagonal elements, oy
R
&
In the special case of a random vgriable X distributed normally with a mean of zero and a variance AR
of one; 1.e,, M(0,1),
X-0 (82)
x =X (83)
x'x = X'X (84)
and:
D-R, (85) .
where R 1s the correlation matrix, given by: ,"r
€,
1 6
l o 01? e z‘” I t""
R - 2 ™ (86) :
l PM1 Pu2 ! | ’
which is symmetric.
If the vector stochastic variable X has the multivariate normal probability distribution, then the
probability density function of X is: .
£ -l - - ) P
2) = exp[ z (_ !x Y (Z Hx) ] s (87) 1.
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where | | represents the determinant and g" is the inverse of the varlance-covariance matrix D,

3.6.3 The Lower Triangulsr Hatriz. Randon multivariate normal vectors X with a mean vector uy
and varjance-covariance matrix D can be generated by using a theorem (as shown in Whiton and Berecek,
1982) which states that if n ls "2 standard normal vector contalning independent normal variabdle components
n, each distributed N(O,1), then there exists a unique lower triangular matrix C such that

XeCnvuy, (88)

-

where C te an (M x M) matrix and X and py are (M x 1) column vectors, Here,
e (n:) can be formed by selecting random normal numbers from a population distr:buted N{(0,1). In this
case )3 J!.X) 1s the (M x M) variance-covariance matrix,

D - C'C

(89)

and the generation matrix C is obtained by a lower triangularization of the desired varlance-covariance
matrix D.

The components of the vector X generated by this algorithm can have any desired correlation, as
provided in the variance-covariance matrix X and can have any mean, as provided {n the vector By By
th{s method it 1s possible to generate correlated random normal numbers. If the covariances of D are
zero, the elements of the gererated X are then uncorrelated; 1i.e., independent. Conslder a case in which
it is desired to generate X in three “components,

5 - [Xx xz X.] (90)
with mean
u_x - [‘Ul Uz Ua] (91)

and variances and covariances given by:

| 0, 0,02P12 C103P1s |
D~ | 030,04, 02’ 0203023 | (92)
l 030,02 0302 g2 0! I
In this case,
9, 0 0
C- 0.0 0 0 (93)
2°21 2 I 0212
__32-_31_2.1 3 (o. _y
93P3 ‘3 3 /1= ey, 23270310
1-p 2
21 1~ 921)

The generation algorithm for the vector X (equation 90) {a:

24

QOO OO WO d

10 ¢ D AR




B Xy un ¥

X; = 9Py M * %y 1-9212 "2 ¥p (9

Paa~Po, P
32 P02
X a.p n + 0 e e L | _ 2- _
3 33 3 —— n, 3 =03, (932 P3P 24
v 7P ’

1705,

2

) =

3

In the special case in which X has a mean of zero and a varlance of one; 1.e., distributed N(0,1),

pe0 ¢-l (95)
and the generation algorithm reduces to
X, n,
Xy = Po1M * /1 2, (96)
21
Pas™Pa, P
1 -
X3 pymy ¢~ dEleee ) o T
2 N 32 "31° 21 3
Yi-p / —re——— ’
21 1-p )
21
where n 29 and n, are numbers drawn independently from a population distributed normally with a mean of
2ero an varlance of one,
E In practice, these analytic expressions for the lower triangular matrix C are not needed. One
simply forms the desired variance-covariance matrix D (or the correlation matrix R : X is to be

distributed N(G,1)), lower triangularizes that matrix by the Cholesky procedure (see Secti.: 3.6.4), and
uses it and the mean vector py in the generation algorithm (equation 110). The independent random normal
numbers n are produced eitner by using a pseudo-random nurmal number generator dlrectly or by using a
uniform pseudo-random number generator and any of several suitable transaformations.

3.6.4 Cholenky or "Square Root" Factorization. 1If A 1s a symmetric, square matrix which is
positive definite (A matrix A of order N is positive definite if x' A x >0, for every real, nonzero N-
vector X), the matrix A can be factored into a lower triangular matrix S and its transpose S',

AeS S, (97)

The Cholesky method {s extremely stable, never requires {nterchanging to avoid smail pivots, and
requires the least computational labor of all decomposition schemes, largely because of the symmetry of
the A matrix, If the symmetric, positive definite requirements are not adhered to, the Cholesky algorithm

will  break down by calling for division by zero or attempting to take the square root of a negative
number ,

The Cholesky or sgquare-root 2algorithm for factoring the real, symmetric, positive definite matrix A

- J) of order n into a lower triangular epatrix S = [31J] and {ts transpose consists of three rules:

a4y
811 . — J = (98)
/a” 1S1sSn
s - A -151 9. .2 3> (99)
i1 it =171k 151sn
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Finally, Syy = 0 for all J > {. These rules are i{mplemented column-wise, starting with the leftmost
column (J = 1) an(‘] proceeding down each column (toward increasing 1),

The generation algorithm of equation (88) can ve iliustrated with a test case, Suppose {t {s
desired tc generate a vector such as, X = [X, X, X, X,]J , of standard normal varjables distributed N(0,1)
having the correlation matrix,

0.8 0.7 0.3 |
1.0 0.6 0.4 |
0.6 1.0 0.5 |
0.4 0.5 1.0 .

The Cholesky reduction procedures the lower triangular matrix C,

} 1.0000 0.0000 ©.9000 0.0000
| 0.8000 0.6000 0,0000 0,0000
| 0.7000 0.0667 0.7110 0,0000

0.3000 0.2667 0.3829 0.8321

The transpose of C is:

1.G6000
0.0000
0.0000 0.7110

0.0030 0.0000  0.8321

from which it can be veriflied that: C' C =« D .

The matrix C 18 then used to generate values of X by performing the matrix-veotor multiplication of
equation (88) with successive values of n.




CHAPTER A
D CUMULATIVE DISTRIBUTION FUNCTIONS OF

ELECTRO-OPTICAL AND METEOROLOGICAL VARIABLES

8.1 General. For each simulatfon using the Ornstein-Uhlenbeck stochastic process (Equation 48), a
raw variable must be expressed as an equivalent normal deviate (END). The transnormalization procedure
described in Section 3.4 for ocopverting a threshold Xp to a ocumulative probability and then normalizing
the probability can be applied to all the variables in the OPAQUE project. However, the graphical
technique is i{mpractical for even a small number of simulations. A more appropriate alternative is to use
linear regressicn techniques to fit variously ahaped distribution funotions to the cumulative
distributions. This procedure gives a continuous function of the form

P = F(x) (101)

from which continuous probability estimates can be obtained by evaluating the function. Correspondingly,
continuous varisble estimates can be obtained by evaluating the function inverse

1

x =F  (P). (102)

There are a number of cumulative probability distribution functions which could be used to model the
empirical distributions of the EO/Met variables. However, there are several restrictions which limit the
number of possible CDFs. The CDF must be of a form that allows inverse transnormalization; {.e., the CDF
nust be readily solvable for the threshold value Xy as in equation (102). F~' will exist if the function
F is continuous and monotonically {ncreasing. In general, polynomials produce negative frequencies
because they do not monotonically inorease, and are therefore unsuitable for modeling. The CDF must also
be reducible to a linear form since the CDF modeling oocefficients are to be derived by standara linear

B regression. The CDF should be in closed form, which allows a solution by direot substitution rather than
by numerical integration or tables. The number of modeling coefficlients should be relatively small;
{.e., two coefficients will substantially reduce computer time and storage.

Considerable work has been done using the above constrajints with some of the EO/Met variables
available in the OPAQUE data base. Somerville et al (1979) develioped a modeling scheme for visibility
using the Waibull distribution (our firat guess for the OPAQUE visual attenuation/extinction). Husar et
al (1981) worked extensively with visual attenuation wusing the Johnson single-bounded (lognormal)
distribution. Scmerville and Bean (1979) suggested the Weibull distribution for wind speed. Temperature
and dewpoint have been frequently modeled using the normal distribution (Boehm and Abbott, 1977). Boehm
(1976) used the Johnson double-bounded distribution for relative humidity. Somerville et al (1980) have
enployed the Johnson double-bounded distribution to model sky cover.

No previous work has been done modeling broad-band infrared empirical di{stributions. USAFETAC/DNY
developed a program that allows a rapid graphical comparison of the empirical distribution of a data set
vith each of the standard distributions being considered as a model. This program follows the probability
plot ooncept of Law and Kelton (1982). Based on the analysis of these plots and other investigations,
USAFETAC/DNY adopted a line segment fitting routine to model the ewpirical distritutions of the broad-band
infrared data,

4.2 Distribution Fitting Approach.

N.2.7 Pinni Data. A prerequisite to modeling empirical distributions is to rank order the
observed data. Boehm !19735 suggests a cumulative probability can then be assigned to each observation.
The probabilities can then be applied to a linear regresajion curve fitting program. This procedure has
several drawbacks, the largest being the sheer number of operations involved in a large data set. A
better procedure for large data sets 1s what Panofaky and Brier (1965) call organizing data by oclasa
intervals that are "numerical but unequal™. Here the rank ordered data are now assigned to a class or bin
such that all observetions within that bin are less than or equal to the threshold x. specified for that
bin but greater than the threshoid value x._, of the previous bin. The class {nterval or bin width
becomes (xp - xT_1) and the cumulative probagllity for that bin is Pr(X < xg). It 18 these cumulative
R probabilities that are used for the mathematical modeling.
The numdber, size, and width of bins ls a matter of optimization. Fewer, larger bins mean more data
in each bin with a oorresponding smaller error due to sampling. Smaller, more numerous bins have a
greater sampling error, but interpolation error s smaller. Since portions of the frequency distributions
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of the EO/Met variables have limited data, the larger bin widths will allow a smcother %“ransition in bin
size from one bin to the next and reduce the number of empty or low count bins, Correspondinrgly, smaller
bin widths in data rich spectrums will provide a better curve f{t for the modeled distribnticn,

The final choices for the threshold valuus X, and bin widths (xp = xp_;) resultsd from evaluations
of how well the modeled distribution matched ithe empirical distribution, '}able 8 shows the threchold
values for the OPAQUE variables for which modeling parameters were eventually developed, The last
threshold value for each variable {s set to a high ernough value to f{nclude all observations greater Lhan
the last {nterior threshold value. The &tinimun exterior threshold boundary, which is not shown, often
equates to zero. The only excaptior. to this 1s the equivalent aerosol 1IN extinction, Because of errcrs
in the measurements and approxinations .> LOWTRAN derived aerosol IR transmission, values greater thea 1C0
percent are possible, With the conversion to equivalent aerosol IR extinction, values less than 2ero are

also possible. K Therefore, the mininun extertor threshold boundary for aerosol equivalent IR extinction is
set to ~.2 km ~

TABLE 8. Threshold Values &y for the OPAQUE EN/Mut Variables.

Visual Attenuation/Extinction (wa ')

.05 0 A2 L 16 .18 .20 .22 .24 .26
.28 .30 .35 =0 A5 51 .55 .60 .65 LT0
.75 .80 .85 .9C .95 1.0 1 50 2.00 2.50 3.00

Aerosol Infrared Transmission (%)

30 60 90 9N 92 93 9 95 96
97.5 98.0 98.5 99 99.5 100 100.25 100.5 100.75 101
101.25 101.25 101,75 10 103 105 110

Equivalent Aerosol Infrared Extinction (km~')

-.10 -.03 -.015 ~-.001 .005 .01 .05 .02 .025 .03
.035 .0u LOUS .08 .06 .07 .08 .09 .10 W15
.20 A0 .60 .80 1.0 2.50 20.00

10 Wind Speed (smec ~ V)

1.5 2,5 3.5 L.5 5.5 6.5 8.0 9.5 15.5 25.0

28 Wind Speed (msez” ')’

1.0 2.0 3.0 L0 4.0 6.2 7.0 8.0 Q.0 50.0

Cloud Cover (ootas)

1 2 3 y 5 € 7 8

A 2.2 Transnormal ization. Figure 5 e=howl an example of the conversion from & cumulative
probability to a norm2; probability. #3 noted in Faragrap: 3.4, a rational approximation, rather than
normal probability tatles, vorks best for computer simulaticns. There are several rational approximations
that can be used. USAFETAC uses the rational approximation by Hastings (Abramowitz and Stegun, 1964 {n
the simulation efforts to convert cumulative prebability to an equivalent normal deviate (END).

USAFETAC subroutine ENORMP calculates the END corresponding to the cumulative normal probability
that a normally distrihuted varfable X {s 1233 than some threshold Xp. The subroutine is based on
equation 26.2,23 from Abramowitz and Stegun,

2
(Co + C,T + C,T )
E(P) = T — 5 5 ¢ e(P), (103)
1 ¢ D, T+ DT D,T

where the absoiute value of the errcr in the probability returned is |e(E)|< 4.5 x 107" ang

1
a - . 4
T ~ /ln P (104
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The oconstants for the polynomial approximation are:

Co = 2,515517 D1 = 1,432783
C: = 0.802853 Da = 0.189269
Cz = 0,010328 Dy = 0,001308,

The resultant END corresponds to a right-tall {ntegration of the standard normal distribution. For
probabilities greater than 50 percent, the subroutine uses the complement (i - P) to glive the left-tall
integration from -=» to E, For protablilities less than 50 percent, the resultant END must be multiplied by
-1 to account for negative ENDs, The Hastings approximation breaks down in the extremes of the normal
distribution. Therefore, probabilities are truncated at the .05 percent points; 1{.,e,, less than or equal
to .0005 and greate: than or equal to ,9995. The corresponding ENDs are -3.3 and 3.3, respectively,

USAFETAC subroutine PNORME uses similar technique to calculate the cumulative normal probability
that a normally distributed variable X {is leas than some threshold X whose END is E. This {s the
integral of the standard normal distribution from ~= to E. The polynomial approximation from equation
26,2.18 of Abramowitz and Stegun provides the transformation,

-4
t B 3 .

P(E) « 1 = .5+ (1 + CLE + C,E « C,E + C.E) + €(E) , (105)
where the adsclute value of the error in the returned probability is |c(E)|( 2.5 x 10 -4, The constants
for the approx'mation are

Cy = 0.'96854 Cs =~ 0.000344
Ca = C, 115194 Ce = 0.019527.

For computation efficiency {n the aigerithm, ihe fnverse 4th root of one half (1,1892071) can bte
factored into the constanus (irncluding unf:y) of eguation (105). This substitution ylelds:

1 ] u-u

m
~—

. (106}

The constants for this form of the appruximatlon are:

Co = 1.18920M Ca o= 0,0004001
Cir « 0.2341002 Cv = 0.0232216.
C: = 0.1369895

To further reduce the number of mathematical operations necessary t¢ sulve uwguation (105), the term
in parentheses can be evaluatsed {n factor form:

W=Co+E{C, +EIC,+ F (C, + C.ENI] . (107)

Substituting equation (107) into eauation (106) the appreoximation becares: ¢
. -4 R
PE) =1 - W . (108

This equation can also be expresscd as:

PIE) » 1 = (1/(W « W » % - W)] . (109)

For cases of negative ENDs, eqQuation (106) bscemes:

P(E) = (C, + E { - ¢, *+ElC, +E (-cy v CE)I] . (110)
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“he constants Co through Ce have the game values as for the case of poaitive E. The factored form
of the term in parantheses in equation (110) becomes:

w-co»sl-c + E[C, + E(=C »cus)J}. (111)

1 3

Substituting equation (111) i{nto equation (106), the approximation becomes:

[’}

P(E) = W , (112)

which can also be expressed as:
P(E) @« 1/(W » W « W - W), (113)

Table 9 compares a few selected Hastings derived probabilities with probablliti{es extracted from the
CRC Handbook of Tables for Probabilities. All derived probabilities are well within the accuracy required
for simulation models.

TABLE 9. Coamparison of Yastings Equivalent Normal Deviate
Probabilities using USAFETAC Subroutine PNORME with
Probabilities rfrom CRC Handbook of Tables for Probabilities (1968).

END PNORME Probability from Tables
~-3.5 0.00037441 0.0002
-3.0 0.00157918 0.0013

-2.0 0.02256308 0.0228
-1.0 0.15887636 0.1587

0.0 0.49999976 0.5000

1.0 0.84112364 0.8413

2.0 0.97743696 0.9772

3.0 0.99842083 0.9987

3.5 0.99962562 0.9998

5.2.3 Evaluating Curve Fits. The goodness of fit between the otserved and calculated cumulative
distributions 1s evaluated in terms of the root mean 3quare difference (RMS) Dbetween the observed
cumulative distripution for all thresrhold values and those values for the mathematical function. The RMS
i3 defined by:

RMS = v % r (0,-T,)% (114)

where O, ant TJ are the individual elements of the observed and theoretical distribution and N is the
total ramcer of cata palirs, The maximum difference between each observed and modeled distribution is a
product of the RMS calculations. After the appropriate mathematical function has been selected, both the
RMS and RESMAX can he minimized by careful selectlon of bin threshold values.

Tzble 10 contains the curve fit information for the 10m wind speed for April, 0500 MST.

A N E K. .1 3 A SNESI S W SONTVT.
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Table 10. Observed and Caloulated Cusulat!{ve Frequency Occurrence Pr
(x < I-r) for Ypenburg 0500 MST April 10m Wind Speed.

Observed Welibull

Threshola Cumulative Cumulative

Wind Spoed Frequency Frequency Residual
So_ S«¢ S < Res{dual Squared
" asec 5! 3! (3 (3)
1.5 11.9 13.1 -1.2 1,44
2.5 28.7 8. .6 .36
3.5 4y, 6 4u.0 .6 .36
4.5 58.4 58.7 -3 .09
5.5 71.3 7.0 .3 .09
6.5 79.2 80.6 -1.4 1,96
8.0 92.1 90.2 1.9 3. 61
9.5 95.0 95.5 =5 25
15,0 100.0 99.9 o N

The 10m wind speed, which is modeleC using the standard Weibull distridbution, contains nine
interior bin thresholds. The sum of the residurls is 8.17 for the nine data points. The last cumuwative
valye 13 set at 100 percent and {s therefore not used in the RMS calculations., Using these values in
equation {(114) ylelds: RMS = /B,17/9 = .908% .

The RMS of .908 perceat and RESMAX of <-1.4 percent are among the lowest of any curve fits. This
leags to a possible error of about 3 percent {n using the Welbull distribution for the 10m wind speed.

Normally, the RMS provides a good indicator of the closeness of fit; 1.e., the lower the RMS the
better the fit. In the 10m wind speed example, the theoretical distribution is an excellent
representation of the empirical distribution, 1In some cases, however, the RMS can be low while the RESMAYX
over a portion of the curve fit can be quite high, For example, the RMS fcr the Ypenburg visual
extinction lognormal curve fit for July 1200 MST is 3.77 percent. The RESMAX {3 ~10.59 percent whicl
occurs over the lower threshold values. Table 11 shows the curve fit information for the lcwer ten
thresholds. The RESMAX occurs wit! the .24 km~ extinction threshold. Optimum selection of threshold bin
values can minimize this type of deviation., Appendix C contains the Ypenburg modeling ooefficients.
Appendix D ocontains a summary of curve fits for Ypenburg.

TABLE 11, Observed and Modeled Cumulat!ve Freqency Occurrence
for Ypenburg 0700 MST Jualy Visual Extinction (lognormal distribution),

Obser ved Lognormal
Threshold Cunulat{ve Cumul at{ve
Equivalent Frequency Frequency
thlnc_: fon B br B b.r
(km~ ) (%) (%)

.05 o] 0

.10 2 6

2 8 12

A4 19 18

.16 25 26

.18 J4 33

.20 48 40

22 55 u7

.2u 64 53

.26 66 59

N.3 Mathesmatiocal Funotions to Model Cumulative Frequency Distributions,

8.3.1 Johnson Doudle-Bounded Distribution. USAFETAC's basic modeling equation for 3ky cover is
the Johnson double-bounded distribution, which ia a member of the Johnson family of curves. The Johason
fami{ly Of curves is especlally useful since they are monctonically increasing functions, which alleviates
the probiem of most polynomials. Acdditionally, they allow for direct transnormalization without the
generatlon of an intermediate cumulative probabllity. Somerville et al. (1978) firsit used the function
for ritting aky cover distributions,
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he equation for the Johnason double-bounded curve |{sa:

xT-L.)
U - Xy '

L]
x =Y +nln( (115)

where Y and n are the modeling ooefficlents determined from an empirical dlstn}butlon, x- 18 the
threshold, L and U are the lower and upper bounds of the curve respectively, and x is the D of the
cumulative frequency that the variable {8 less than the threshold value. The Johnson double-bounded
distribution 1is particularly suited for fitting distributions that are bounded at both end points; e.g.,
sky cover and relative humidity.

For sky cover, the lower bound corresponds to a zero percent coverage, while the upper bound is one
hundred percent aky coverage. Therefore, equation (115) becoumes:

;-Y4n1n(-1-—_-—q), (116)

where x; is some threshold sky cover in fractional coverage and X 1s the END of the cumulative frequency
that the actual sky cover X i{s less than the threshold sky cover x,. To obtain values of sky cover from
an END, equation (116) must be solved for Xy (USAFETAC subroutine XJOHNP):

"

exp n

. (7

»x 32
'
~

1 + exp (

The values of Y and n are obtalned using a standard linear regression (USAFETAC subroutine
JHNCOF). The values of x corresponding to the percentage of time that the sky cover is less than some
threshold 1is regressed against the interior boundary values of that category. For example, when the sky
cover is observed in octas, there are nine thresholds designated as 0,1,2,3,4,5,6,7, and 8, Only the
interior seven cdata pairs are passed to the regression schems.

4.3.2 Johnson_ Single-Bounded Distribution. The modeling equation for visual attenuation and
visual extinction is the Johnson single-bounded or lognormal distribution. The standard USAFETAC modeling
distribution for visibility s the Wetbull ourve, Initial efforts centered on using the Welbull
distribution for visual attenuation/extinction. However, the lognormal distribution (Husar et al, 1981)
provided much better curve fits than the Weibull.

The standard lognormal distribution (Law and Kelton, 1982),

Fy(x) = /. 1

2
axp (lnxéagp) ) : (118)

x /2:02

is not {n closed form. However, the lognormal distribution, as a member of the Johnson family of curves,
is in a closed form which allows transnormalization directly without ocalculation of an {ntermediate
cumulative distribution. The equation for the Johnson veraion of the lognormal distribution, which {8 the
form that will henceforth be used, {s (Boehm, 1976):

i-vonln(xT-k), (119)

where Y and n are the modeling coeffiolents determined from an empirical distributicn, x, is some
threshold, k 1s a constant, and x i1s the END of the cumulative frequency that the variable {s less than
the threshold value (Pr (X < xq)).

The lognormal distribution {s particularly suited for distributions that are bounded on vne end,

where kX {3 the lower bound the varlable can assume. Often the value k 13 known to be zero, in which
equation (119) reduces to the two parameter lognormal distribution (Johnson and Kotz, 1970),

;-Y’nlnx.r, (120)
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To obtain values of visual attenuation/extinction, equation (121) must be solved for xp (USAFETAC
subroutine PLOGNX):

"
x - Y \
xT = exXp (__n—) . (21)

The values of Y and n are obtained using a standard linear regression (USAFETAC subroutine LCNCOF)
that fits the observed CDF to the equation of a straight line and minimizes the aum of the squares of the
differences between the modeled distribution and the observed data. The upper and 1lower exterior
thresholds and their corresponding cumulative probabjilities are not used in the regression.

8.3.3 Weibull Distribution. USAFETAC's basic modeling curve for wind speed is the Weibull
distridbution. The equation for the Weibull distribution 1is:

Pet-exp(-anxt), (122)

T

where a and B are the modeling coefficients from empirical distributions, X is the threshold, and P {is
the probability that the actual observation X is less than or equal to xp, Pr(X < xq). USAFETAC
subroutine ENNRMP completes the transnormalization process. Threshold values are obtained by solving
aquation (122" for x; (USAFETAC subroutine XWEIBP):

1/8
in (1 - P)
Xp = (—_—0——') . (123)

The values of a and f are obtained using standard linear regression (USAFETAC subroutine FTWEBL).
Since the Weibull cumulative dlatribution is non-linear, equation (123) must first be linearized. Because
of linearization, the curve fitting minimizes the sum of the square differences in natural logarithm space
rrather than raw variable space. A welghting function WF is applied to each data point that produces a
minimum error in raw variable space. Appendix B deacribes this weighted linear regression technique.

Somerville and Bean (1979) first applied a three parameter Weibull distribution to wind speed:

PaCel -0 -exp(-axf), (124)

where C {is the probabllity of a calm wind speed. This technique requires three modeling coefficients
rather than the two of the standard Weibull. However, JSAFETAC/DNO found (Project 1564) that a two
parapeter Weibull provided better curve fits than the three parameter version. The probability of calm_;s
now included in the first cumulative probability bin. For exaaple, for tha first threshold of 1 msec_,,
the cumulative probability Pr (X £ 1) includes the combined cumulative probability of calm and 1 msec
"The change to the two parameter version {s justified aince wind, for the most part, never is truly calm
(see Paragraph 2.2).

USAFETAC's previous modeling efforts for relative humidity used the Johnson double-bounded
distridbution (Boehm, 1976), However, USAFETAC/DNY found that the Weibull distribution, when using the
complement of relative humidity (100 - RH), gave better curve fits. Humidity bin widths are narrow for
high relative humidities to concentrate on the change in aerosol growth,

4.3.4 JMorsal Distribution. USAFETAC's basic modeling distribution for temperature and dewpoint

is the normal ourve, As noted in Paragraph U4.1, polynomials wusually are not suitable for
transnormalization because portions of the curve with negative slopes produce negative frequenc.es; 1i.e.,
the curves are not monotonically increasing. However, a first-order polynomial of the form:

”

X =a+ bx, (125)

where x 12 the raw variable rather than a standard variable, can give the transnormallzed cumulat{ve
probability directly without calculation of an intermediate probability. Cquation (125) 13 aimply the
normsl distribution with a mean of -a/b and a standard deviation 1/b (Boehm, 1976). This can be seen by

equating the standard form of a normal equation with a mean M and 3atandard deviation S to the linear
equation form:

X = (x - M)/s = a + bx. (126)
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Since the raw variables are available, the calculated mean and standard deviation can represent the
modeling coefficlents rather than generating cumulative probabllities. To recover s threshold, equation
(125) can be solved fecr x:

"
- n
xT-——x—a——-x~s*H. (127)

j
4,48 Probability Plots,

8.8.1 Graphiocal Evaluation of Cumulative Probabilities., One traditional method of selzcting a
distribution for modeling is by evaluating a graphical plot of the raw variable and some function of the
raw variable, A histogram of the frequency distribution gives an estimate of the probabili’.y density
function, While the pattern of the PDF {3 well defined, {dentification of a particular FUF from the
histogram can be rather difficult. Since all the distritutions USAFETAC use3 for sjmulation are of the
cumulative type, this method is not sultable for selecting a distribution. Identifying a particular
distribution from a histogram of a CDF 18 nearly i{mpossible.

The probability plot technique (alternatively called quantile-quantile or Q-Q plot) deacribed by Law
and Kelton (1962), Gringorten (1963), and Kimball (1960), reduces the comparison of the distributinn of
data with a mathematical distribution to an evaluation of how well a data plot flts a straight line.
Although probabllity plots do not always ind.cate a suitable modeling diatribution, the technique dces
provide a great deal of (nformation on how various sections of an empirical distribution follow certalin
mathezatical distributions,

The objectives of the probabdbility plot technique are to reduce one of the atandard distribution
functions to a linear form, evaluate this equation {n terms of the cumulative probablility, and plot the
rawv variable (abscissa) against the result (ordinate). The general forom of a 1linear cumulative
distribution function is:

M(x) = A + B N(x) , (128)

where A and B are the logation and scale parameters respectively, x 1s the threshold value, )'( is the
cumulative probability, M(x) ia some function of the cumulative probability, and N(x) is some function of
thez thresheld value. Typleally, a cumulative distribution functicon must be sclved for N{x) tc be put in
the form of equation (128), which gives the function inverse F_1(P). A plot of each raw variable X
against N(xi) will produce a straight line, provided the distribution of the data is the same as the
mathematical distribution function.

Equation (128) requires estimates for location and scale parameters A and B, These parameters do
not have to be precisely determined., Any differences between A and B and the true values for the scale
and jocation parameters will still produce a stralght line, only the slope will be different from 1 and

the line will not pass through the origin, A convenient choice for the location and scale parameters are
0 and | respectively.

4.8,2 Estisates for Cumulative Probability. The cumulative distribution function Fy has been
defined as (equation 2%4):

Fx-Pr(ng).

If the data to be analyzed {s rank ordered in ascending order, each data point becomes what Law and
Kelton call the {th crder statistic for all the X;'s. A reasonable approximation to Fy 13 the proportion
of all X;'s that are less than x. A simple 1/N estimate tends to give slightly biased results,
particularly for the ertremes of the cumulatiye probabllity. Ximball (1960) shows that the estimate of
the empiricail cumulative distribution function Fx can be represented as:

ol i
FX(XI) * N (129)

Gringorten (1963) gives a more general form for

Rk (130)




where O < A < 1. The value that A takes on depends on the type of function M(x) 18 in equation (128).
The mcst frequently cited value is A = .5, which yields:

- 1-.5
FX(XL) - N . (131)

This amounts to taking the middle value from (i-1)/N to i/N.

Equation (132) ds general and has been used for many purposes. When the cumulative probability is
used explicitly in M(x), Gringorten recommends A = 0 for better estimates of Lhe cumulative probability,

i
T (132)

Fo(X ) = g

]

When M(x) calls tor the conversion of the cumulative probability to an END, Kimball (1960) lets A =
.375, which produces an estimate of the cumulative probatility of:

- 7
Fx(Xi) "N - (133)

4.8.3 Gereration of Quantileas. The Johnson family of curves (equationa 115 and 119) are already
in the linear form of equation (128):

" ,xT-BL
x-Y’nln[-B—U—_x—T)

n
x~Y+n1n(xT-k).

Using estimates for the location and scale parameters as 0 and ! respectively, the above equations
become:

Xp - BL "
1n (—EU—_-;(-—) -x (134)
In (xg - %) - (135)

Equations (134) and (135) are in inverse function I~"l form. The user supplies the upper (BU) and
lower (BL,k) bounds for the Johnscn distrlbutions. In meany cases, the lower bounds can be set to zero for
metcoroiogical variables, A small increment (.001) is added to the terms {n parenthesis in to prevent
taking 1logarithms of zero. USAFETAC subroutine ENCRMP converts the cumulative probability to an END.
Since equations (134) and (135) both involve the exponential of an END, equation (133) provides the
estimate of the cunulative distribution. The plotted points for the two Johnson curves, therefore, are i(n
the form of:

1

-1, 1 - 375
(F(Xi)' F (_)T_:_.-ZT")). (136)

The Weibull distribution 1s not in the linear form of equation (128), Using a slightly different
form of the equation which includes the shape (a) and acale (8) parameters, the Weibull dfistribution is
(Law and Kelton):

X

Pe=1 - exp (-——g--)“ . (137)

Conversion to a linear form, where Q = 1 - P, is straightforward,

x
1-P-exp-(—76—'r)‘x

X
In Q= - (__E.I)"
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In (-1n Q) = a 1n Xp - @ in B8, (138)

Letting the estimates for both the shape and scale parameters be 1, equation (138) becomes:

In xg = 1n (-ln Q. , (139)

Since equation (139) involves the double natural logarithm of a Cfunction of the cumulative
probability (1-P), equation (152) provides the estimate of the cumulative distribution:

1. (140)

: 1 N -1+
Fx(X) =1 - g 3) = T

The plotted points for the Weibull distribution must be in the form of:

(n X, 1n (-1 oty (141)

1 R

Since xp in equation (137) must be positive, an offset i{s added to all X;'s in equation (141), This
offset {3 equal to the absolute value of the largest lower boundary of the variable, which allows all

fnput Xi's to be positive,

The normal distribution, in the form of equation (126), reduces to a simple expression by letting
the mean be zero and the standard devi{ation be one:

X, ® X . (142)

The END again {8 calculated by the algorithm of Abramowitz and Stegan described in Section 4,2.2.
Since equation (142) 1involves an END, equation (133) provides the estimate for the cumulative
dtatribution, The plotted points for the normal distribution are {n the form of:

-1 L - .35
(x,, F (5220 . (143)

The exponential distribution {s given by:

X

F(X,) = 1 - exp (——) (144)
where 6 1s the scale parameter. Note that for a shape (a) parameter of 1, equation (137) for the Weibull

distribution reduces to exactly tha exponential distribution. Equation (144) s easily reduced to a
linear form,

X. -8 1ln {1 - F(Xl)). (145)

T
For a scale paramoter of 1, the i{nverse function l"'1 becomes:

Xp = - In (1 - P}, (146)

Since equation (146) {nvolves tie probabillity, equation (132) prevides the 2stimate for the
cunulative probabflity. The plotted points for the eroonential distribution therefore are In the form of:

(x,, - 1n (L1, (147

4.8.8 (uantile Plots for Selection of CDFs. The quantile plots give a visual assessment as to
hod well the empirical distribution fits a particular mathematical functicn. A straight line 1indjcates

36

@;
|
|
|
f
E



that the empirical distribution follows the mathematical distribution. Usually only portions of the
quantile plot follow a straight line, indicating those blocks of data which best fit the distribution.
The y-axis repregents the first quantile for each distribution, For the normal and exponential
distributions, the first quantile is the raw variable. The firat quantile for the two Johnson curves and
the Welbull distribution {s a function of the natural 1logarithm of the threshold and boundary
conditions. The second quantlile x-axls plot {3 a function of the estimated cumulative frejuency.

Figures 8 through 12 show quantile plots for the five test distributions using the Ypenburg visual
extinction for 0300 MST February. The visual extinctlon was e&ventually modeled witn the Johnson single-
bounded distribution. The 0300 MST curve fit has a RMS of 2.89 and a RESMAX of 6.00 percent, which
slightly higher than average for the visual extinction. The normal distribution clearly deviates from a
straight llne and could never be considered as a model for the visual extinction. The exponential and
Welbull distributions, although closer to a strafight line than the normal, are sti{ll not the best
cholces. The two Johnson plots are similar in that the central portion of the data fit the distribution
while the upper and lower portions deviate consifderably, Choosing the best distribution for the visual
extinction from among the two Johnson distributions, based solely on the quantile plots, {s lapossible.
In this particular case, the quantile plots eliminate several potenti{al distributions and jindicate those
distributions which require curve fitting to establish the best modeling distribution.

Quantile plots can be quite useful for ascertaining which portions of the empirical distribution fit
a particular mathematical function, Figures 13 thrcugh 17 show the quantile plots of the five test
distributions using the Ypenburg equivalent aerosol IR extinction 8-12 microns for 0300 MST February. All
of the plots show the 3same pattern where the test distribution can be used to model the lower three
fourths of the data. None of the dlstributions can handle the sharp increase in the CDF in the region
where the inverse function (quantile 2) nears one. Figure 18 shows an example of this sharp increase for
the equivalent aerosol IR extinction CDF. The quantlle plots show that a single curve fit cannot be used
to develop modeling coefficients. An alternate approach {3 to model the upper portior of the data with a

different pair of coefficlents. This technique requires four modeling coefficients !nstead of the normal
two,
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Flgure 8. Quantile-Quantile Plot for the Ypenburg 0300 MST February Visual Extinction Using the Johmson
Double—bounded Distribution. Quantile 1 18 a function of the natural logarithm of the threshold and
Quantile 2 1s a functlion of the CDF of the aistribution,.
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Pigure 9, Quantile-Quantile Plot for the Ypauburg 0300 MST February Visual Exinotion Using the Johnson
Single-bounded distridbution. Quantile 1 is a function of the natural logarithm of the threshold and
Quantile 2 is a function of the CDF of the distribution.
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Figure 10. Quantile-Quantile Plot for the Ypenburg 0300 MST Ffebruary Visual Extinction Using the Weibull

Oistribution, Quantile 1 1s the logarithm of the threshold and Quantile 2 is a functlon of the CDF of the
distribution.
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Figure 11. Quantile-Quantile Plot for the Ypenburg 0300 MST February Visual Extinction Usi the Normal
Distribution. Quantile 1 is the threshold and Quantile 2 is a functlion of the CDF of the distribution,
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Figure 13. Quantile-Quantile Plot for the Ypenburg 0300 MST February Equivalent Aerosol IR Extinotion 8.0
- 12.0 Microns using the Johason Double-bounded Distribution. Quantile 1 is a function of the natural
logarithm of the threshold and Quantile 2 is a function of the CDF of the distribution.
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Figure 14. Quantile-Quantile Plot for the Tpenburg 0200 MST February Equivalent Aerosol IR Extiaction
8.0 - 12.0 microns Using the Johnson Single-bounded Distribution. Quantile 1 is a function of the natural

logarithm of the threshoid and Quantile 2 is a function of the CDF of the distribution,
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Figure 17. Quantile-Quantile Plot for the Ypenburg G300 MST February Equivalent Aerosol IR Extinction
8.0 - 12.0 Microns using the Exponential Distribution. Quantile 1 s the threshold and Quantile 2 13 a
function of the CDF of the distribution, ’

4.5 Line Segment Modeling.

4.5.1 Infrared Cumulative Distribution Modeling. All attempts to model both the empirical
infrared transmission and equivalent aerosol infrared extinction using the standard modeling functions
resulted in very poor curve fits, The Welbull distribution was the best fitting curve, but RMS
differences between the empirical and modeled CDFs still averaged better than fifteen percent. The
probabllity plots described in Paragraph 4.4 show that by dividing the CDF into a high transmission and a
low transmission portion, two different distribution functions can be used to moael the data, This
generally 1s not an effective method of modeling because of the difffculty in selecting the break point
for the CDF and the increased complexity of the overall modeling effort.

The aerosol extinction CDF {s very asymetrical, with a rapid {ncrease In cumulative occurrence as
the extinction values increase, The CDFs for the IR transmission are similar, Shettle et al. (1979) show
a similar coaparison for visual and IR transmittance CDFs. The increass tended to be greater in the
summer moiths during the afternoons. This is a reflection of the smaller number of low visibllity cases
during summer afternoons. Figure 18 shows the cumulative frequency for the July aerosol IR extinction 3.4
- 5.0 microns at 0300 MST {(solid line) and 1500 MST (dashed line), The oconversion algorithm for the
Barnes transmission data produces slightly negative values of equivalent aerosol extinction for very high
transmission values. The increase fn the CDF for the morning extinction is most rapid from 0.0 km ' to
+.05 km™ ', Figure 19 shows a similar comparison for the January 8.0-12.0 micron equivalent aerosol IR
extinction, The rapid increase in the 0300 MST CDF (solfd 1li{ne) agaitn occurs in higher values of
extinction than does the 1500 MST CDF (dashed iine), However, the difference between the two curves ls
much smaller than in the summertime case.
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Figure 18. Cumulative Frequency Distribution for Ypenburg July Equivalent Aerosol Extinction 3.4 - 5.0

Miarons at 0300 MST (solid line) and 1500 MST (dashed 1ine).
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Figure 19. Cumsulative Frequency Distribution for the Ypenburg January Equivalent Aerosol IR Extinction
8.0 - 12,0 Miorons at 0300 MST (so0lid line, and 1500 MST (dashed 1line).
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In the 8,0 ~ 12,0 micron case, the two extinction CDFs cross near -.,01 k™', Nearly all the winter

months CDFs for both IR bands show this crossover, while none of the summer curves for either IR band
do. The 0300 MST CDF has a slightly larger number of high visibility cases, Since nearly all the winter
hours shcw a similar crossover, a larger data sample would probably show this same pattern.

Since the CDF eventually chosen to model the equivalert aerosol IR extinction must adhere to the
requirements presented i{n Paragraph 4.1, several potential but more complicated distribution functions
could not be considered for modeling the EO variables, USAFETAC/DND previously experienced a similar
problem in which the RMS for a particular modeling distribution was too high. Lilius et al. (1982)
developed a forward-backward line segment selection (LSS) technique for USAFETAC Project 2502. While not
as precise as a mathemati{cal function, the LSS can produce a better duplication of the empirical
cumulative distribution provided a sufficient number of line segments are chosen. USAFETAC/DNY initially
adopted the Lillus et al. approach, but later modiified the technique 30 as to require only one pass
through the cumulative binned values.

A.5,2 Line Segment Fitting. The USAFETAC/DNY line segment f{itting technique, developed by Lt Col
Pershing Hicks, requires that the CDF be divided into a predetermined number of 1ine segments based on the
input thresholds and corraesponding probabilities, The y-values for each line 3egment are obtained by
fitting the observed CDF to the equation of a straight line using standard linear regression (USAFETAC
subroutine FTLNSG). The regression for each segment {ncludes the data points in the follecwing line
segment to minimize the error of fit in all succeeding line segments, TRe input thresholds, which
represent absclssa x-values, must be retained to recover the y-values from the inverse transnormalization
process. The resulting ordinate y-values for each line segment are stored in compacted form for later
retrieval in much the same fashion as the coefficients for the standard mathematical functions, Appendix
E describes the DNY line segment fitting technique.

For the |nfrared modeling, the line segment fitting routine uses 28 pairs of thresholds and
cumulative probabillities, Each line segment contains four data points, giving a total of nine line
segments, The first and last polints represent cumulative probabilities of 0 and 100 percent,
respectively. Therefore, only 26 interior threshold values need be given, The two exterlior thresholds
represent values of the variable that rarely, if ever, occur. For cxample, the two exterior thresholds
for the equivalent aerosol IR extinction are =-.2 km™! and 20 km". If an observation would fall outside
these boundaries, the observation i{s set to fall in the last exterior bin, The resultant (x,y) end point
to each line segment 1s shared with the beginning point for the next line segment. Although not required
by the line segment fitting routine, the (x,y) value !s designed to coinclde with a theshold value Xg.

The line segment fitting scheme described above produces ten (x,y) data pairs. Since the first and
last data pairs have bLeen preselected to (x,,0) and (X10,100), respectively, only eight interior y-values
need be calculated and stored. For the equivalent aerosol IR extinction, these two data palrs are:
(~.2, 0.) and (20, 100). The x-value thresholds are the same for all curve fits and need not be
maintained with each coefficient file. To keep the modeling coefficlent file sSimilar to other model
curves, USAFETAC/DNY uses the y-value storage routine of Lilius et al. to compact the eight y~values into
two computer words.

4.5.3 Y-Value Stocage. Four computed y-values can be convenlently stored 1é1 a single IBM 4341
integer 32-bit word. Each IBM 8-bit segment (byte) can store an integer from O to 2°-1, or 255, If the
range of computed y-values (0 to 100 percent) is represented by the integer range of 0 to 250, a single
y-value can be scaled to f{t in each byte by multiplying the y-value by 250 and keeping the {nteger
portion of the result. This allows storage of y-values to the nearest 0,2 percent, with all odd tenths
being rounded up.

This scaling works only for the three right-most bytes, for in the left-most byte the first bit is
reserved for the sign. The largest (smallest) integer that can be stored in this byte is 127-1 or st27.
Therefore, the left-most byte must be scaled from -‘%5 Lo +125. To cgmbine the four scaled y-valueg, the
left-most byte i{s multiplied by 2°7, the second by 2 °, the third by 2°, and the right-most byte by 2V,
Adding the results ylelds a 32-bit "signed" binary number that represents the four y-values t0 the nearest
0.2 percent of the f{itted y-values, A reverse procedure allows recovery of the compacted y-values.

Transnormalization is by indirect methods; that 13, an intermediate cumulative propabllity must be
calculated before conversion to an END, USAFETAC subroutine PLNSGX converts threshold value to a
cumurative probability., USAFETAC subroutine ENORMP, described in Paragraph 4,2,2, is the transnormalizing
function. Likewise, to obtain a threshold from a simulated END, USAFETAC subroutine PNORME flirst converts
the END to & cumulative prcbability and then USAFETAC subroutine XLNSGP converts the probability to a
threshold,

The two Ypenburg 8.0 - 12.0 micron equivalent aerosol IR extlinction coefficients for 0200 MST
February demonstrate how the compaction works, The ten (x,y) data palrs are:
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-.2 =.015 01 .025 .04 .09 .20 .8 20,
0.0 JA12 .4ng .608 .720 840 +900 976 1.00

The first and last y-values, 0. and 1.00, respectively, are predefined and need not be stored. The
rirst storable value is .112 and will be compacted using a scale of =125 to +125, giving a -97. The
third, rourth, and fifth y-values are scaled from 0 to 250 and yield 112, 152, and 180,

Using the compaction multiplication factors dascribed above,

the four canpacted values are:
-1627389952, 7340032, 38912, and 180,

Adding these values gives a compacted, scaled integer raepresenting the first four s8torage

y-values: =-1620010828, A similar method gives an integer coefficient of 1440408052 for the second four
storage y-values, _ ] _ S - B
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CQUAPTRR S
CORRELATIONS OF ELECTRO-OPTICAL AMD

METROROLOGICAL VARIABLES

5.1 Correlstion Coefficient, All USAFETAC simulation models require the linear cross correlations
between variables or linear correlations of a single variable with time (sometimes called temporal,
serial, or auto oorrelation), Since the electro-optical and metecrological variables are essentially a
oont{inuous series, the Pearson product-moment (PPM) method for calculating linear correlations provides
the test estimate of the true correlation, The PPM correlation coefficient also minimizes the standard
error, The PPM correlation "xy between two variables x and y {s given by:

L [(X1 - X) (\'1 -]

Py . (148)
Xy .2 =2
/:(xl-x) J:p - Y)
Here tne means X and Y are:
X - (w)le. i-(m«)xrl, (149)
the standard deviations Sy and ay are:
- 3)7% -2 1
e UMD (X -0, s oD -DY, (150)

and the ocovariance of X and Y {s:

Tlx, - X) o, - Y))
Cov (X,Y) « v . (151)

A more oconvenient oomputational form of \Lhe PPM linear correlation coefricient eliminates prior
knowledge of the mean:

N (L X1 !1) - (L Xi) (L Yl)

r - » (‘52)
O xizw - ( xl)zf‘ . (N (T vf) - ( 11)21"

where the summation {sa { « 1,...,N.

If the sample size N {s large and X and Y are relative large numbers with me.ns not equal to zero,
equation (149) can nave consideradble computational round-off error. The amount of error depends on the
aumber of significant digits retained on a particular computer system. To alleviate this, the raw
variables are transnormalized before calculating the linear correlation. This results in a two-fold
improvement in the oorrelation process. First, the variables are now normally distributed. The means
should equal zero and the standard deviation should equal one, which considerably reduces the round-off
error, Second, many, but not all, non-linear effects are taken into acocount (Boehm, 1976). A continuous
one-to-one relationsnip, as we have {n the OPAQUE data base, will beocome quasi-linear if both variables
are transnormalized.

5.2 Correlation Coefficient Development. Original correlation development centered on grouping 3
consgeutive hours of observations together to increase the number of observations avaliable for generation
of the transnormalizing functicn. Since the observations are {n local solar time, tests for 3olar
inflyence {nvolved different observation groupings. However, from previous modeling with aeveral of the
meteorological variables, the grouping significantly reduces the serial correlation, This !s partigularly
true with any variable that {nvolves temperature; e.g., dewpoint, equivalent aerosol IR extinction, where
the error was as much as 20 percent. Unlike some variables such as cloud cover, which is not subject to
many sudden changes, temperature routinely rises and falls, Thua, any grouping returns an average of the
3 hours and may not be representative of any hour i{n the grouping.

There 18 reason to suspect the oorrelations in the remaining meteorological and electro-optical
varigbles as well. Transnormalizing functions and serial correlations are therefore more reliable using
1-hour time bine for each month. The increase in the number of transnormalizing coefficlents for 1-hour
time bins {s more than offset by the improvement in the serial correlation.
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5.3 Effecot of Random Error on Correlation Coefficients,

5.3.1 Randoa Errora of Observation. A subtle, bt potentially more damaging effect on the
correlation coefficient is that of random observation error. Every observatior is subject to same random
error In the actual observation measurement and in mathamatical processing of the measwed quantity. For
the elements in the OPAQUE data base, this includes a numb2ir of potential sources for random error.
Measurement errors can be aystematic and accidental measuring errors, such as sensor calibration errors
and measurements spread over an observatiorn period. Mathematical processing errors are of two types.
First, there are errors in transcribing and reporting the observation for data reduction and tape
storage. Seoond, there are errors in preparing the observations for analysie. These include errors in
deriving new variablas such as the equivalent aerosol IR extinctlon, in building the cumulative
distributions, in deriving the coefficients that model the cumulative distributions, and in building the
simul ati- n nodel,

A quantitative esatimate of the relative error, although not a precise measurement, can be used to
assess the usefulness of the data, The Format Specifications for OPAQUE Da*a Bank Tapes (1981) defines
the relative error as:

(measured value - correct value)

Relative Error = measwured value

{153)

fhe Ypenburg group has provided relative errors for the optical and {nfre-ed transmissions. Tne
reliability of the optical and infrared data is considered good .(reliability code H4) based on repeated
{nstrument calibratjons, The relative error of the data 13 below 5% (2% for the IR transmissometer},
which 18 acceptable for developing both serial ancd cross correlations, Although most of the man-made
disturbances such as people and vehicles have been removed, there may bs a few observations that still
retain these disturbances,

5.3.2 Error in Correlstion., By assuming all the OPAQUE observations contain error, the linear
correlation between two variables or the serial correlation of a single variable can be expressed as the
product of the measured correlation and an error term. Brooks and Carruthers (1953) expands the basic
equa‘.ion of correlation to show that the actual correlation is larger than the correlatior. from the
measurvd data (derived in Appendix F):

(154)

where X and Y are measured variables whose random errors are d and e respectively, a and g are the
deviations of the observed values from their means, and ¢ i{s the standard deviation for x, y, a, B.

Tne difference between the correlation corrected for randc.a errors of observation and the measured
correlation can be simply expressed as:

P =P, P, ., (155)

where p. 13 the measured correlation, Pe ia the correlation of random error, and Po is the corrocted
correlation. Since there is random error {n both the X and Y variables, the random error term is the
product of uwo randam errors of observation:

Pm = Pox Pey %c ° (156)

5.4 Serial Correlation.

5.4.1 Markov Model Assumption. For an autoregressive (AR), first-order Markov model, the serial
correlatior p (correlation {n the t-dimension) follows an exponential decay:

oo, "™ (157a)
- oxp EN4Y, (157b)
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where p, 1s the serlial correlation of unit of time, n {8 the number of time steps, and B i3 the
autocorrelation coefficient (see Appoendix A). Therefore, for a Markov model, slmulated observations
spaced At units apart will have a correlation Pate

Par = 04 . (158)
A slightly different form to ald in computing a serial correlation based on a known exponertial is:
o)t o (159}

Since the USAFETAC simulation models are baaed on the Markcv model, the existing USAFETAC moli>ls can
be employed 1f the serial correlations of the OPAQUE varfablos follow an exponential decay. Othe~wise,
new models need be developed,

5.4.2 Combining Correlation Coefficients. Serizl correlations for each of the OPAQUE variables
were computed using time lags of 1, 2, 3, 6, 9, 12, 18, 24, 36, and 48 hours. To calculate the serial
correl ation for a particular variable for a particular month, the 4 years of data for that month (say U
Aprils) are arranged chronologically, At this point, two avenues are possible. The most straightforward
one is to piace a pad of 50 null observations between each month's data, which corrects for the false
correlation produced between the last observation of one month and the first observation of the next
month, This accounts for the chronologiczl dreak between the 2 months, and allowa for serlal correlations
with time lags out to 48 hours, Tha observations are then converted to equivalent normal deviates (ENDs)
using the appropriate transnormalizing function.

This method of combining corre)ation coefficients works satlsfactorily in most caces. However, 1f
the mean of one of the years {s siynificantly higher or lower than the meen of the other 3 years, the
resulting serial correlation ccefficient will be affected, This problem is further magnified when the
number of observations in each month vary from year to year. Both the vartance and eova."iance are
affected, as can be seen from the simplified two variable sample correlation coeffilcient rt’“A,_ N

[+]
—ty t - ar (160)

r - ,
R N N
t t o« 40
where the correlation is calculate between the observation at time t and at t + At later.
To correct for this over or under estimation of the true correlation, the correlations can be
combined using the Fisher Z' transformation. The seria. correlation for each of the 4 years (s first

converted to a Fisher 7' transformation. A weighted mean of the four Z' tranaformations is then converted

back to a serial correlation, The applicable form of the Fisher Z' transformation (s (Brooks and
Carruthers, 1953):

2''= 5 n (v +r)-1n (Y -1r)], (16°)

The transformation has two convenlent piroperties which will be wuseful later, First, the
transf ormation has a nearly normal distribution with 2 mean of:

b e 0.5 1n (L28) (1€2)
z 1 -9
and second, the transformation has a standard error of:

oz-l//N-3. (163)

The goowness of these approximations increases with small absoiute values of p and with larger
sampl e size of N,

The {ndividual transformations are welghted according to their contributions to the U years of data
with the welights being oroportional to 1 / ¢,,“; 1.,e8,, to N - 3. The weighted Z' transformations are
then combined into a total Z' tranaformation (%rcoks and Carruthers, 1953),

43

Nt AL L AT A A T S AN




20 - LN = 3) 2" ¢ (N, = 3) 2,0« (Ng = 3) 25" « (N =30 2" 3/ 8 (N - 3) . (164)

N1 and 21’ are the number of observations and the Fisher Z' transformations for the years | « 1, 2,
3, U respectively. /

For transformation back to correlation space,

exp (2Z) - 1
r -a%—(ﬁmu (165)

The inverse Fisher Z'-transformation can also be expressed in the form of the hyperbolic tangent.
Multiplying the numerator and denomlinator of equation (16%) by e 2 gives:

P -~ (166)
z ° z

= Tanh (2') .

Flgures 20 and 21 show the serial correlations for the January visusl extinction and July
temperature. The oorrelations use the 50 observation pad between the months, The deocay for the vigual
extinction is fairly smooth, while the temperature decay shows a rise at 24 and 48 hours. Since the
correlations are of equivalent normal deviates instead of the raw variables, most of the diurnal change
should have been removed during transnormalization. The temperature correlation rise at 24 and 48 hours
is most likely due to strong synoptic controls; e.g., frontal systems, cloud cove,, Any OPAQUE variable
containing temperature exhibited a similar rise, For example, the equivalent IR adrosol extinction shows
a similar rise at 2U and 48 hours sinoe temperature is used {n caloulation of the extinotion. Therefore,
camputation of the decay function includes serial correlations only out to 24 hours.
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Tables 12 and 13 contain the same serial oorrelation based on the 50 observation pad as Figures 20
and 21. In addition, the table includes the correlations for each separate year and the number of
observations used as a wvelghting factor. Finally, the table gives the serial oorrelation based on the
weighted Pisher 7' transformation, The first cambination teohnique tends to be fairly close to the
weighted Fisher 2' transformation for time lags less than 3 hours, but the Fisher 2Z' transformation is
definitely belter as time lags increase.

TABLE 12, Serial Correlation for Ypenburg January Visual Extinction (i~ ').

HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24

OVERALL .8992 .8366 .7958 .6944 623 .5823 A4n7 -3728

" YEAR 1 .8990 .8517 8115 .6987 5775 4977 <3616 .2681
© WF 703 700 696 687 681 675 666 661
YEAR 2 .8669 .8011 .7356 6374 5658 .5070 +3553 .2u02

Li3 N4 T4 nu 7o 707 705 699 693
YEAR 3 90N .8299 7796 6538 L5449 .49u0 .3291 2215
WF T14 nz2 7o T04 698 692 680 668
YEAR 4 .8556 <1995 L7624 .6430 .5876 5638 L4748 .3565
WF 716 7% AR m m 708 705 693
FISHZ .8827 .8216 L7735 .6586 .5692 5165 .3823 .2729

TABLE 13. Serial Correlation for July Ypenburg Temperature (°C).

HR 1 HR 2 HR 3 HR € HR 9 HR 12 HR 18 HR 24

OVERALL L9614 .9088 .8526 .6869 .5600 .5064 25612 .5984
YEAR 1 .95u8 .8972 L3401 .6684 5T1h 5812 .5397 , .5406
WP T43 742 T4 738 735 732 726 720
YEAR 2 . 945 .8700 .7890 5432 .3408 «3002 .4333 212
WF 617 614 611 601 592 583 565 547
YEAR 3 «9U93 .8789 .8014 .5227 .3881 «2957 .3830 484t
WF T4 740 739 736 733 730 724 il
YEAR 4 .9680 9215 .8706 . 7222 6072 +5380 5982 .6428
WF 716 T4 712 706 700 694 682 670
FISHZ <9554 8944 .8293 . 6351 U904 4315 .4950 5313

5.4,3 Correction for Randoa Error of Observation, By assuming a first-order Markov model that
has observation error, the measured serial correlation can be expressed as the product of the total random
error correlation and the actual correlation at time lag t,

p(t) = p 2 % . (167)

The total serial correlation can be btroken down into two terms involving the linear coefficients A

and B, From equation (157b), p(t) can be expressed in terms of the exponential regression coefricients A
and B,

p (t) = exp [4 + BL) , (168)
Equation 155 can be readily solved for the coeofficionts A and B using standard regression
techni ques:

1n p(t) = A + Bt (169)
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However, equation (166) minimizes the sum of the square of 1n p(t) rather than p(t). To correct for
this, a weighted linear technique, developed by Lt Col Pershing Hicks, Jr., (USAFETAC/DNY), modifies the
least squares fit to minimize the error in ¢(L) space:

min £ [ p (lnp - A - Bt)}2 . (170)

where the coefficients A and B are still determined by linear regression (see Appendix E).

The combined Fisher ' serial correlations for tha eight time lag periods are the inputs to the
linear regresalon scheme, Appendix G contains the serial correlations for the individual years, all years
combined, the TFisher I combination, and the strafght linear regression. Appendix- H contains the A and B
regression coefficients for each meteorological and electro-optical varlable, Table 14 contalns the roct-
mean-squara (RMS) difference between the observed and model distributions for the 1Cm wind 3peed and
relative humidity. The 10m wind speed represents the lowest and relative humidity the highest RMS values
for the nine variables modeled. The size of the A and B coefficients have no relationship to the RMS
value or the amount of observation error associated with the variable,

TABLE 18, Linear Regression RM3 (3) Difference Between the Observed and
Modeled Distribution for Random Error of Ypentwrg 10m Wind Speed and
Relative Humidity, The Modeled Distribution Assumes a Firat-Order Markov
Process that has Observation Error.

10M WINDSP RH 10M WINDSP RH

JAN 0.96 ENR! JuL 2.46 19,07
FEB 0.65 1,64 AUG 0,83 16.87
MAR 0.61 7.45 SEP 3.53 13.91
APR 3.25 .85 ocT .65 8.11
MAY 4.18 13.61 NOV 2.09 7.09
JUN 7.02 16.01 DEC 2.58 u, 7y

Not surprisingly, the varlaples with the least error in observation generally show the least
improvement in aerlial correlation, Table 15 shows the January visual extinction and the July temperature
examples previously used, Nevertheleas, these i{mprovements are significant, From modeling efforts
associated with previous projects, the 1-~hour serial correlation should be near .945 for visibllity
(equivalent to visual extinction) and .980 for temperature, For temperature, this campares with the .955,
.873, and .968 obtained by the Fisher Z' combination, the linear regression, and the linear regression
plus correction for observation error (exp B) respectively, Likewise, for visual extinction, the values
for these three calculations are .883, .865, and .952 respectively. While the Fisher Z' combination
compares favorably with the exp B and the expected 1-hour temperature serial ccrrelations, the exp B 1~
howr serfal correlation for visual extinction {s clearly better, For other variables subject to larger
random error of observation, the exp B provides a superior model over the Fisher Z' combination and the
standard 1linear regression model.

TABLE 15, Serial Correlation Regression Coefficients for the Ypenburg January Visual
Extinotion and July Temperature.

JANUARY VISUAL EXTINCTION

HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
FISHZ .8827 .8216 L7735 .6586 5692 +5165 .3823 2729
REGRESSION .8648 .8230 .7833 6751 .5819 5015 .3N5 .2768
A= -.0957 exp A = ,9087
B« -,0495 exp B = ,9517

JULY TEMPERATURE

FISHZ 9554 894y .8293 . 6351 L4904 U315 4950 5313
REGRESSION .8733 .8453 .8183 7422 .6732 .6106 .5023 RIEY
A = ~-0,1030 exp A = ,9022
B = -0,0325 exp B = ,9680




The one hour equivalent aerosol IR extinction 1linear regression serial correlation varies
considsrably. 1n the 3.,4-5,0 micron band, values range from a low of ,431 for June to a high of .756 for
Oztober, The ,756 correlation is far below the expected values of .900 - ,.980. By comparison, the June
and October exp B values are .885 and .928 respectively. For the 8.0 - 12.0 micro band, values range froam
a lcw of .U82 for Auguat to high of .680 for February. The corresponding exp B values are .935 and .905
for August and February respectively. The separation of the lincar regression into a coefficient of error
of observation and a coeffticient of actual correlation {s again the superior model.

5.8.0 Yearly, Monthly, and Seasonal Correlation. With the assumptions that each observation
contains random error and the corrected serial correlation follows a first-order Markuv exponentiial decay,
the total serial correlation can be expressed as the aum of two linear regression coefficlents A and B
(equation 168),

plit) « exp [A + Bt],

Coefficient A represents the serial correlation due to random error of observation while coefficlent
B represents the corrected (with random error of observation removed) serial correlation. The aum A + Bt
{s the coefficlent for the total measured ser{al correlation. Applying the coefficients A and B to 8 in

equation (A-5) of Appendix A, where 21 is the correlation at unit time, gives the serfal correlation for
each coefficient,

p = (87B)nat amn

-9 . (172)

Equation (172) provides the monthly values for the serial correlation for each of the EO/Met
variables,

There are three serial correlation options available for the EO/Met simulator: monthly, seasonal,
and yearly. The monthly seria' correlation option allows 12 exponential decays for each EO/Met
variable. The seasonal option combines three months of serial correlations using the welghted Fisher Z-
transformation simjlar to equation (164), For continuity with other analyses of the OPAQUE data, the
winter season uses the Decembsr, January, and February data. The spring, summer, and fall seasons follow
accordingly. The  yearly serfal correlation again uses the weighted Fisher Z-transformmation to comblne the
12 months of serial correlations. The welghting factors are the number of observations in the one hour
serial decay. Tue 30 percent confidence level of each correlation is used to test the applicabllity of
each option as a serial correlation model.

If the population correlation of each variable {8 p and the sample correlation {s r, then 90 percent
of the sample correlation coefficlents drawn from the population will fall between the 90 percent
confidence 1limits of »p. Thus, from a single value of r within these limits, one can infer only a 10
percent risk cf error that the population oorrelation is p. More precisely, there is only a 10 percent
risx that r {s not significantly different from p. To apply the confidence levels to the sample
correlation, the correlation coefficlents must be corrected for sampling varlability. .

The ENDs generated from the raw variables have a normal distribution., However, the diastribution of
the correlation of two varlables, whether a cross or serial correlation, generally is not normal. The
distrivution of the sample correlation coefficlent r does apprcach normality as the sample size
increases. This approach to normality depends not only on sample size but on the value of the population
correlation p. If the samples are drawn from a population for which p = 0, the distribution approaches
normality rather slowly as the sample size increases, If the samples are from a population for which p #
0, the dlstribution {8 very skewed. When p s greater than zero, the skewness tends toward the left with
high values being relatively more probable than iower values, The skewness is reversed for p less than
zero. This complicated dependency of the sampiling distributton of r on the value of p makes it impossible
to employ the normal distribution directly. The Fisher Z-transformation (equation (161)), originally
developed for a bivariate normal popuiation, converts the sample correlation to a nearly normal
distribution,

1If the sample correlatlon coefficlent r (s computed from {ndependent data, the statistic Z has a
nean u, and standard deviation 0y

’ o, = v 17IN-3) . (173)
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However, the observations of each variable are not {ndeponcent, that:. {s, the observations are
oorrelated (p o 0), Equation (60) of the AWS Guide for Applied Climatology provides a correction for the

serial depsendency in the time series of observations: a;e
‘.'LQL-
‘.:h

1 - .

N' « N (-1—*%) ' (174)

where N' is the effeotive number of indapendent observations in a sample size N. Tuv standard deviation
in equation (173) becomes:

o, = /T7(N"-e) . (175)

2

The 90 percent confidence limits in Z are:

Z, =2 + 1,6u48 9, (176)

v

ZL =2 - 1.6448 9y . Q17

The inverse 2-transformation (Tanh(Z)) oonverts the oconfidence limits in Z-space to the oonfidence
limits in p space (equation (166)).

Pigure 22 shows the monthly, seasonal, and yearly serial correlations and 90 percent confldence
levels in Z tranaformation space for visual extinotlon. The visual extinction plots have the most orderly
monthly changes of any of the EO/Met variables, The confidence intervals become progressively smaller for
the seasons and the year, as can be seen from equation (175). The effective number of observations N' for
January, the winter season and the years are 70, 82, and 826 respectively. The yearly G0 percent
confidence interval contains at least soume portion of the 90 percent monthly intervals, although several

. months are borderline cases,
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Figure 22. Monthly, Seasonal, and Yearly Serial Correlations and the 90 Percent
Confidenoce Limits in Z'-'rrmfa‘atton Spaoe for the Ypenburg Visual Extinction.




Figure 23 shows the monthly, seasonal, and yearly serial correlations and the 90 percent confidence
levels in Z-Lransformation space for temperature. The month-to-month temperature pattern has the most
erratic changes of any EO/Met variable. The 90 percent yearly confidence limit completely misses April
and just barely touches the 90 percent lower oonfidence limit of two other months, In addition, the

yearly serial correlation combines ths weighted average of high and low extremes, thus misrepresenting the
monthly values,

FISHER Z TRANSFORMATION

Figure 23. Monthly, Seasonal. and Yearly Serial Correlations and the 90 Perocent
Confidenos Limits in 2°'-Transformation Space far the Ypenburg Tempersture.

Flgure 24 shows the monthly, seasonal, and yearly serial correlations and the 90 percent oconfidence
levels in the Z-transformation space for the aerosol equivalent IR extinotion (8,0-12,0 micron band). The
nonthly pattern is between the smooth transition of visual extinction and the fluotuating pattern of
temperature, However, March still misses the yearly 90 percent upper confidense limit, With the seasonal
option, April definitely does not fit {n the same pattern as the other spring months. 1If the data base
were considerably longer than U4 years, thia outller might not exist, This partf{oular problem points out
the deficiency in using the monthly values of serial correlatioit. The small number of years {n the data
base may be responsible for the large changes in the monthly rangea. Both the seasonal and yearly options
provide better estimates of serial correlation than the monthly option. Therefora, both the seasonal and
yearly option will be available for the EO/Met simulator.
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Pigure 2§. Monthly, Seasonal, and Yearly Serial Currelation and the 90 Percent Confidenoce Limits
in Z'-Transforwation Space for the Ypenburg Equivalent Aerosol IR Extinction 8.0 to 12,0 Miarons,
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5.5 Croms Correlation.

5.€.1 Simulated Distributions of Cross Correlations. The correction for random error of
observation can also be applied to the cross correlation of two EO/Met variables. Assuming the Markov
modal exponential decay, equation (167) can be written:

t

[

om(t) * Pex Pay P »

(178)

where p_ 13 the measured serial correlation, Po s the serial correlation corrected for random error of
observatl.nlon, and Pax+ Pgy are the correlations of randem error for the variables X and T respectively.
Then the corrected seriai correlation at time t can be expressed as:

p (t)

2 . (179)

Pex °ey
Equation (179) 1involves the product and quotient of normal random variables. This {3 mora

compl {cated than the multiplication case of the serial correlation. If X anda Y represent the two normal

random variables, then Z is the product or quotient of two normal randam variables:

ZeXt  and 2. (180)

In general, the resulting joint probabliity density function f (Z) is not a nomal distribution.
Furthermore, the joint probability density function (PD7) resulting from the second mathematical operation
has relatively little chance of having a normal distribution,

The product case Iin equation (180) is very similar to the serial correlation f{n Section 5.4.4, where
the distribution of the sample correlation r is skewed to the left or right, depending on the sign of r.
R. A. Fisher developed the Z-transformation (equation (161)) for a bivariate normal distribution to
correct this skewness to a nearly normal distribution, Equation (174) involves three random variables
rather than the two of the serial correlation correction. The mathematical solution for the multivariate
case {3 to solve the product and quotient portione separately,

Meyer (1975) presents PDFs for the products and quotients of random variables, If X and Y are the

two randm variables with a Jjoint PLUF of fxy such that 2 = g(X,Y), then the cumulative distribution
function F,(z) is:

F,(2) = [f £y (XeY) ax ¢y, (181)

where the integration {s in the X-Y plane with g(X,Y) < Z. For the case of the ratio of two random
variaoles Z « X/Y, the joint PDF t’z is:

® x
£ -] ry—l—x-l,—rx
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X
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For the product of two random variables Z-XY, the joint PDF {s:

°

Z 1
t, = [l tyy (0 T & (183a)

L) 2z 1
- —_— ) .
Tty G0 [T (183b)

If the randon variables X and Y are statistioally independent with known probability densities, then
equations {182) and (183) can be evaluated, For the {ndependent normal randam variables X and ¥ which are

distributed [0,1] and have PDFs of:
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respactively, Davenport (1970) gives the joint PDP for quotient Z=Y/X as:

1

£ (2) @ — 1 —
2 x(1 + 29

. (185)

Equation (185) is the Cauchy distribution, which has a mean but an indefinite standard deviation.

The mul tiplication case caniot by analytically solved. An alternate method is to separate equation (179)
into two quotients,

p_(t)
o: - ': . pL . (186)
ex ey

The resultant pg {s the product of two Cauchy distributions, which again cannot be analytically
solved,

The best approach at this point is to simuwate the distribution of equation (173). The simulated
distribution uses the general form of the normal equation,

"X =M
X e =55 (187)

where X {8 the normal deviate, ;'( is a generated random normal number distrituted (0,1], SD 1s the
simulated standard deviation, and M is the simulated mean., The distribution simulator generates 4 normal
deviate X for oeach correlation using Equation (186), with the three X values being input to equation
(179).

The 1initial vaiues for Lhe simulated distribution model are the measured cross correl 'ons between
two variables pg., Pay+ The simulated means M, are the correlations oonverted to Fisher . -space using
equation (161), wh..e the simulated standard devistjons SD; follow from equation (163). Since dependency
exists in each term of equation (179), the simulated standard deviation must be converted to the effective
number of observations N' using equation (174). USAFETAC subroutine RANDBM generates three random normal
numbers distributed [0,1]. The three simulated normal deviates X, are combined in Z2-space into a
simulated p, using equation (179), Equation (166) allows allows conversion to correlation space. This
process 19 repeated a sufficlently large number of times to converge on the actual correlation.

5.5.2 Carrection for Random Error of Observation, The correction term for random error of
observation, when applied to the c¢ross correlations, can be significent, However, quantitative estimates
of the actual correlation can be made only 1f the random errors are entirely independent of each other
and of the variables X and Y, The terms involving these errors are assumed to be zero for the {ndependent
case, but will Iincrsase Pe {if the random errors are correlated with each other or with tne varjable
themselves (see Appendix E). The corrected correlation of two highly dependent variables, e.g., aerosol
equivalent IR extinction for the 3.4 to 5.0 and 8.0 to 12.0 micron bands, will give a cross correlation
greater than one. Under the test conditions these error terms oould be determined and the corrected cross
correlation calculated. Therefore, the correction for random errors of observation can be applied only to

those variables whose random errors are entirely independent from each other and from the varlables X and
Y.

For cross correlations between variables whose sensors are entirely different, the 1independent
assuwnption is a good one. Temperature versus 10m wind speed and viaual extinction versus humidity are two
cases where the cross correlation can be improved. The random errors are not correlated with each other
or the opposing variable. Even though the 10m and 2m winds both measwe wind speed, measurements are from
two separate anemomeiLers, 30 the independent assumption still applies. Problems arise when a single
instrument takes several measurements such as the case with the IR sensor. A second type of observation,
where the random errors are not independent, occurs when one varliable i{s derived from another variable, as
i3 the case of the equivalent aerosol IR extinction. This variable uses temperatwe, molsture, and the IR
transmission as inputs. A similar case occurs with the dewpoint, which is derived {rom the measured




relative humidity. Therefore, the correction for random error of observation can only apply to the cross
correlation for combinations of: visual extinction, temperature, 10m wind speed, humidity, and 2m wind
speed,

Simulated distributions for the corrected cross correiation pc" (equation (179)) were devaloped for
each of the above crcss correlation combinations during January and July using runs of 10,000 and 100,000
replications. The 3imulated means of all pct“a were then compared with the straight forward numerical
solution of equation (179). Moat of the means converge by 10,000 replications, Those that do not are
with 3 percent of the numerical result. As pointed out previously, the exact solution of equation (179)
{nvolves the product of the Cauchy distribution, which has an i{ndefinite standard deviation, with another
unknown distribution. The outliers in the tall of the Cauchy distribution tend to have a strong influence
in the mean of the resultant distribution for a small number of replications, As the number of of
replications decreases, the difference between the simulated mean and the analytical result beocomes
larger., At 5,000 replications, the difference in the two results i{s as large 15 percent for some cross
correlations,

Figure 25 shows the simulated distribution for the January visual extinction and 10m wind speod
using 10,000 replications. Input serlial correlations for visual extinction and the 10m wind speed are
.9087 and .8781, respectively. The cross correlation for the two variables is -.3921, The simulated
distribution for 100,000 replications i{s similar. However, the means are almost {dentical (-.4934 versus
-.4932 for 100,000 replications). The general shape of the distribution follows the normal. However, the
final distributiorn involves the product of two Cauchy distributions, so» the standard deviation {s
indefinite.
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Figure 25. Siwulated Ypenburg January Visual Extinction
and 10s Wind Speed Using 10,000 Replications.

As expected, the cross correlations of those variables that are subject to the most measurement
error improve the most when the correctlon for random error oOf observation 1s applied. Improvement {9 as
high as 25 percent, but generally 1s in the 10-15 percent range. Table 16 shows the raw (R) and corrected
(C) cross correlation matrix for January. The matrix ridge shows the relative error of each varlable,
Temperature and relative humldity observations have low rardam error of oobservation, 80 the raw
correlation {s high, Visual extinction, 10m wind speed, and 2mn wind speed have more random error of
observation, therefore the corrected crcss correlation improvement i{s greater,
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TABLE 16. Ypenburg January Cross Correlatior Matrix for Random Error of
Obeervation, R is the raw matrix and C is the ocorrected matrix.

VIS EXT _ 10m WNDSP  2m WI'DSP TEMP HUMIDITY
VIS EXT R .8257 ~.3921 - 4202 -.12948  -,6900
c 1,0000 -, 4931 -.5201 -.1u86 -.7812
10M WNDSP R -.3921 TNO 5912 .0678 .3384
c ~.4913 1.0000 LTUTS .0789 .3968
2 WNDSP R -. 4262 592 8112 0622 .3389
C -.5208 .THTS 1.0000 .0706 .3872
TEMP R ~.1294 .0678 .0622 L9564 L1161
C -.1456 .0789 .0706 1.0000 Jd221
HUMIDITY R -.6900 .3384 .3389 1161 TS
c -.7812 . 3966 .3872 1221 1.0000

. Based on analyses of the simulated distributions for January and July, the numerical solution to
equation (179) can serve as the cross correlation corrected for random error of observation, This
procedure applies only to those correlations for which the random errors of observation of each variable
are independent of each osther and of the opposing variable. The applicable variables are visual
extinction, 10m wind speed, 2m wind speed, temperature and relative humidity, Appendix H gives the croys
correlation matrix for each month,
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CHAPTER 6
THE BLECTRO-OPTICAL/METEOROLOGICAL SIMULATOR

5 6.1 General. The Electro-Optical/Meteorological (EOQ/Met) simulator uses the USAFETAC Multivariate
Triangular Matrix (MULTRI) Model, which allows for two distinct modeling efforts.

g Simulation of a single EO/Met variable and at some initial time and at N lag times (EOMETS1).

0 Simulation of N EO/Met varliables at a time lag At in whicn the cross correlations between
the N EQ/Met variables are preserved (EOMETS2).

The first model {s best sulted for building probability tables or simulating a single EQ/Met
variable for N time lags, while the second model is ideal for simulating from ! to N EQ/Met variables from
user-supplied inf{tfal conditions where the cross correlations between the N variables are to be preserved.

Two {mportant assumptions must be met in order to apply the E0Q/Met varlables to the MULTRI model.
First, the marginal distributions of the E0/Met variables must be adequately descridbed by some
transnormalizing function. All the EO/Met variables were successfully modeled in Chapter Y4, Second, the
serlal correlation must reasonably fit the Markov decay function. With the moYel assumptions for error of
observation in Chapter 5, the serial correlations follow a Markov decay. Thus the second assumption is
satisfied. The ultimate test of the simulation nodels i3 how well the MULTRI model produces observations
that are representative of the actual conditions.

Both models are quite similar in methods used to generate observations. The main difference (s the
technique used for constructing the correlation matrix. The EOMETS) model uses the serlal correlation
matrix while the EOMETS2 model uses the cross correlation matrix. Chapter 3 covers the mathematlics of the
MULTRI model, so only the simulation will be dlscussed in this chapter., Table 17 shows the overall flow
of the simulation model.

TABLE 17. Steps in Gonerating a Random Vector of
N Correlated Klements of EO/Met Variables.

1. Bulld a correlation matrix R using an appropriate

correlation model; 1{.e., the exponential decay model
or the cross correlation model.

2. Obtain the lowver triangular matrix C from R using
the Cholesky Reduction Scheme (USAFETAC subroutine
LUSQRT).

3. Generate N independent standard normal numbers
(u1.u2....un) using USAFETAC aubroutine RANDN.

4, Perform the matrix-vector multiplication using
the theorem from Anderson (Whiton, 1982) using
USAFETAC RANCV:

X=Cuy
5. Transform each of the elements of X fnto values
of the actual EO/Met variable using an approprlate
trans-normalizing function,

6 2 Correlation Matrix. Paragraph 3.6 presented a theorem for the generation of a random vector X
(X =C +n, ), where n 13 a vector of random nuabers distributed N(G,1) and C 1s a unique lower triangular
matrix such that the correlation matrix R is equal to the product of C and the transpose of C (designated
€C'). That ts, R=C C'

The matrix R is ultimately used to generate the vectors of ENDs.
One method of deriving C from R is the Cholesky or "Square-root™ method presented in Paragraph

3.6. Two requirements for this method are that the matrix R be real, symmetric and positive definite. If
the symmetric positive definite requirements are not adhered to, the Cholesky algorithm will breakdown by
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oalling for division by zero or attempting to take the square root of a negative number, Symmetry 1is
assured before the matrix R 1s passed to the algorithms, while the program ocontaining the algorithm checks
for the positive, definite requirement. All of the matrices met the positive, definite requirement.

6.3 EBOMETS1 Model.

6.3.1 Mode)l Requirements, The EOMETS! model is the USAFETAC simulation model that produces
observations of a selected EQ/Met variable for an initial time and N time lags., Margina) distribution
tables for the EQO/Met variable can be developed as an extension of the model, The user supplies the
EQO/Mat variable to be modelod, the initial hour and month of the simulation, the serial correlation of the
modeled EO/Met parameter, the number of replications to perform, and the array of time lags for each
replication.

If there is a requirement for marginal distribution tables at the completion of the simulstion, the
inverse transnormalizing functions for each of the EO/Met variables should also be availadble, The user
indicates the 1ag time for the distribution table., Since the modeling coeffjoients for the
transnormalizing functions are arranged by month and hour (1.e., coefficients are stored in a 12 x 24
array), the inverse transnormalization from an END to a value of the EO/Met variable being simulated {s
quick and efficient, The tabulating routine for the raw counts of the EQO/Met variable use the same bin
values as those used {n building the cumulative distribution funotions in Chapter 4.

6.3.2 Model Generstion. The EOMETS! simulator produces a single random vector of N correlated
elements distriputed N(O,1). Thus the elements can represent valuos for the ENDs of an EQ/Met variable at
an .nitial specified time and at N+1 time lags later. The simulation can be repeated any number of times,
generating & series of I{ndependent random veactors, Each vector 13 independent of every other vector
(p=0), Again, {t {s the elements within the vector that are correlated, If desired, marginal
distribution tables can be developed from the series of random vectors, Table 17 sumrtirizes the required
ateps for generating a randan vector of N correlated elements of EO/Met variables,

The following simulation demonstrates the EOMETS! model. We wani to0 generate a marginal
distribution table for the Ypenburg 3.4--5,C micron equlvalent IR aerosol extinction for March, beginning
at 0200 MST. Lagtimes supplied to the model are 1, 2, 3, 6, 9, and 12 hcurs. The total serial
correlation for March is .6425, while the serial correlation corrected for random error of observation is
. 9080, The corrected spring season serlal oorrelation {s ,9057. The corrected spring season serial
corraiation, which from CThapter 5 (s the serial corralation to be applied to the simulation model, {s
.9057, The USAFETAC subroutine RCALCT then uses equation (172) to generate the correlation coefficient
between an {nitial time and at a time lag 4t later,

At
Tap ® L9057 7,

For example, the 2- and 9-hour time lag observations are 7 hours apart and are related by the
expression,

7
PM: = .9057 .50.
The complete lime lag array 1a:
Lag Time

0 1 2 3 6 9 12

L
a 0 1.00 9 .82 .TU .55 4 N
8 1 N 1.00 9N .82 .61 .55 « 34
2 .B2 .91 1.00 N .67 .50 .37
T 3 .TU .82 N 1.00 LY .55 0
i 6 .55 .61 .67 .74 1.00 .14 .55
m 9 RUL U5 .50 .55 L Th 1.90 T4
] 12 .3 W30 .37 0 .55 T4 1.00
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KA,
Tne correlat!on matrix R: bl
N R '
[ 4.8 9.
.00 .90 .8 T3 .54 .39 .29 Nasp
% .90 1.00 .90 .81 .59 k& .32 k23
.8 .90 1,00 .90 .66 48 L35 X
R = 713 .® .90 1.00 .73 .54 .39 )
.54 .59 .66 .73 1.00 .73 .54 . L
.39 .uu .48 .54 .73 100 .73
.29 .32 .35 .39 54 .73 1.00 o g
é“"_‘q‘;
ped
fs lower triangularized using USAFETAC subroutine LUSQRT, which implements the Cholesky decomposition :'b‘ﬁ"
schem~ The result s the lower triangular matrix (, qzii;a
1.00 0.00 0.00 0.00 0.00 0.00 0.00 B
0.90 0,43 0.00 0.00 0.00 0.00 0.00 et
0.81  0.39 0,43 0.00 0.00 0.00 0.00 DR
¢ « 0.73 0.35 0.39 0.43 0.00 0.00 0.00 s
n.54 0,26 0.29 0.32 0.68 0.00 0.00 DX
0.39 0.19 0.2t 0.23 0.50 ©0.68 0.00 W
0.29 0.14  0.15 0.17 0.37 0.50 0.68 A

The USAFETAC subroutine HRANCV generates a vector n of independent random standard nor®al numbers,
{.e., numbers that are dlstributed N(U,1), and performs the matrix-vector multiplicatfor, X = C + 5 .

s
There are many random normal number generators that car be used. EOMETS! uses the USAFETAC ';‘;‘f
subrouine RANDN. An example of this vector of independent numbers {s: :“::z
A = =1.5271120 ng = -0.7852087 el
n; = 0.9978030 ng = -0.68851797 t:'* 3
ny - ~0.2934361 ng = 1.9020348 (,"
R ny = -1.1453924 g_)ﬁﬁ
5‘) xS
The resulting vector X is: )
: ]
A .
Xy = =1,5271120 Xg = =1.5432749 ‘35:,»
Xy = -0.9437819 Xg = -1.8008451 ke
X3 = -0.977T121 X7 = -0,0220470 (A
Xy = -1.377351 e
Since the elemeats of X are distributed N(0,1), they represent correlated ENDs of equivalent IR W "-e.
aerosol extinction. The ENDs are then transformed to values of extinction using the line segment W

transnormalizing function and the modeling coefficients for the time and month of the simulated
obaservation. The inverae transnormalized values represent extinction per km,

VECTOR ELEMENT EQUIVALENT IR EXTINCTION (PER KM)
Sy (t infttal) -0.88950
5, (¢ + 1) -0.06U45
53 (t + 2) -0.06u487
Sy (L +3) -0.08390
Sg (v + 6) -0.08906
Sg (t +9) -0.09631
S7 (t +12) -0.05041

6.3.3 Model Performance. The standard method of evaluating USAFETAC's simulation models {s to
generate Jjoint probabilites of the o!ierved and simulated observations for the {nitial time and a time
At later. However, the serial correlatlon specific to the EOMETS! model is not the actual correlation of

2a the variable but rather the correlati{on corrected for random error of observation, Differences between
the '. can glve a general view of now the simulator reproduces the equivalent aerosol extinctions.
‘4
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rive thousard simulated ohservations were generated fcr equivalent aerosol IR extinetion (3.4--5.0
microns) for 0200 MST March. These simulated extinctions were then compared with the Ypenberg observed
extinctions.

The maxizur gifference between the observed and simulated frequency for the f{nit{al conditicn was A
2.4 percent, The RMS error at a time lag of 12 hours 12 1.81 percent with a RESMAX of - 6.55 percent
using line segment fitting. Some of the difference {s due to the transformation of the first element of
the vector X Into raw vaiues Of equlivalent aerosol extinction. The differences between obse¢rved and
simulated data {s well withir the limits allowed by sampling theory.

6.4 EOMETS2 Model.

6.4.1 Model Requirements. The EOMETS2 model i3 the USAFETAC simulation model that preduces ]
otservations ror N EO/Met varjiabies at a time lag At. The c¢ross correlations between the N EO/Met (Y.
va~iables will he preserved for each simulaticn replication. The user supplies the initfal hour and month ;
of the =simulaticn, the'number of replications to perform, and the option to convert the ENDs to raw
variables after simulation step. An input source file contains the input EO/Met variabies, the cross
correlation matr-ix of the EO/Met variables, and the seasonal serial correlations for each EO/Met variable.

The modeling coefficients for the mathematical functions that describe the CDF of eacn EO/Met
variable are gstored in a 12 x 24 array. Transnormalization begins the simulation as each raw EO/Met '8
variable {3 converted to an ENC. The inverse Lransnormalization precess can gccur after each time step or
at a point specifiec by the user, 3

6.4.2 Model Generation. The EZOMETS2 simulator produces a single random vector of N correlated MK
elements zistriseted N{0,1) where each vector i{s independert of the next one (p = 0}, Table 17 summariczes
the required 3teps for generating a random vector of N correlated elements of EOQ/Met variables, The
correlatior matrix R for the ECMETS2 simulator (s the user supplied cross correlation matrix for the N '
C/Met varlables. From this pcint the simulator proceeds exactly as the EOMETS) model. it

6.4.3 Model Performance. The EOMETS2 preserves both the crogs correlation between the variables
and the serial correlation for each variable. These are guaranieed by the mathematics of the model. The
simulator correiation i{nput is the cross correlation matrix that has beer corrected for random observation
error. Only the B regression coefficient from Equation (182) has been used for the serial decay.

6.5 Transportability of the EO/Met Simulator. The effective tranafer of the EO/Met simulator from l‘\”“}
Ypenburg to another 1location such as Christchurch, UK, depends on three factors. First, the modeling vy
coefficients for the cumulative distribution functions for each of the OPAQUE variatles must be |
available. Second, the LOWTEAN coefficients for the Barnes transmissometar, used In calculating the L
transmission of water vapor and molecular transmission, must be known. Finally, the serial and cross
correlationg used in initi{alizing the EQ/Met elmulatcor must be specified. ‘

The uhlque climatoiogy of each lacation provides all environmental simulaticn models with their link e
t: "rea. weather." As each statinn's climatolegy is different, 30 will be the regression coefficients QV
that mode! the station's climitological base. The particular mathematical function selected for modeling
eazh LMt variable is easily transferable to other locations., While nature can occasionally benave {n
erratic ‘ushion, the CDFs of her variadies behave {n a predictable manner.

LCWTiHAN regresslon coefficients for the Barnes transmissometer have already teen established for é
ieh of tne O%RQUE slites in Tatle 5. Using the Ypenburg coefficients for the Christchurch caiculacions of
2r vapor and molecular transmissicn gives an error of 3 to S percent in the modeled CDFs for aerosol
nsmiszion and equivilent agerosol extinction, Appiication to a new site without modeled coeffizients
w2u' ' have anouwsbnown result.  To be a truly transportable model, coefficients for each site should Le
st lored,

s

Thasgess i sa2rlal ancd cross correlation can nave a sudstantial effect on simulation results. Where
the ra< Jita s7e nnt availatle, many meteorological variir.ies have been assumed Lo follow a Markovian
ecponential danay,

“:10 AL = UL, wnlie thls has not Leen a severe probliem tO simulation modeling, the serial correlation
dces change o1 month Lo month, ror example, tne Ypenburg equivaient aerosol IR extinctien (3.4 - 5.C
microns. one hour serial cor-~elatlon ranges from a high of .9928 {n November to a3 low of 8850 in June.
Tre yeacly weignted a3erfal ccrrelaticn {3 ,9131. A1) these values dJepart from the traditicnal value of
.95, Since each month's 21imatolcogy for each staticn s 2 functlen of many variasles, a universal decay #
is not appropriate. Likewise, t~anspsrting a set ¢f seria. decays from one station to another introduces
an error {n corrz2iation Detween the eierments of the vector X in e=quaticn {(110).
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CHAPTER 7/
PREDICTIVE REGRESSION -ECUATIONS FOR OPAQUE DATA

7.1 GCemeral. Predicting values of electro-optical variables from meteorological observations using

B statistical methods has had only marginal success. Court et al. {(1932) used both simple and multiple

regression equations to establish the best predictive equations for {infrared visi{bility at time lags of 1
to 24 hours. Although the Court et al. regression was with a physical model which may contain significant
error, the study does provide a first look at the predictive capabdbllities of an EO/Met forecast model.
Thelir model was based on a US Navy algorithm that expresses infrared visibility (IRV) 2s a function of
wind speed, molsture, precipitation, air temperature, pressure, and visual range. The predictive
equations were of three types: a simple linear regression equation for IRV involving the three preceeding
howrly observations of IRV, a multiple regression equation involving the weather variables, and a multiple
regression equation involving various positive powers ( .5, 1, 1,5, 2, 3, 4, 5) of the weather variables,

Court et al. results show a simple predictive linear regression equation has limited capabilities up
to 6 hours, and_almost no capabilities for longer time periods. Table 18 shows the coefflicients of
determination (R) of IRV by the three methods for one sample period, For a 1-hour time lag, 62 percent
of the varjance can be explained hy using the previous hour's IRV value in the predictive model. \Using
IRV values for the 3 previous hours can explain only 65 percent of the variance, Additionally, the
infrared visibility can be predicted slightly better for any time period using a linear combination of
weather variables rather than combining the varla®les into a IRV.

TABLE 18. Coefficients of Determination (RZ) for Prediction of Infrared
Visibility (IRV in km) by Three Regression Methods, (after Court et al., 1982).

MULTIPLE
TIME LAG SIMPLE MULTIPLE EXPONENTIAL
1 .62 .65 .66
'3 47 U9 .50
6 .29 .32 .33
12 .14 .16 .16
24 .ol .04 .06

7.2 Application to the OPAQUE Data. The Ypenburg OPAQUE data was processed for regre. <=1 analysis
with the SAS satetistical package. The SAS STEPWISE procedure provides five methods foi- evaluating
independent variablge for 1inclusion in a regression model: forward selection, backward <limination,
stepwise, maximum R improvement, and minimum RS improvement. The results of the five methods were very
aimilar. This section contains only the_results of the stepwise regression. Appendix J contains the
stepwise coeffioients of determination (R°) for the dependent variables visual extinction and equivalent
aerosol IR extinction for the 3.4-5.,0 and 8.0-12.0 micron bands. The independent variables are relative
humidtty (RH), dewpoint (DP), temperature (T), 10m wind speed (10m) and 2m wind speed (2m). An F-
statistic of .15 18 necessary for entrance into the model.

Tables 19 and 20 show the rcoefficlent of determination (RZ) for the January and July visual
extinction and equivalent aerosol IR extinction. An F-statistic of .15 18 necessary for entrance into the
regression model. The stepwise procedure uses the ENDs of the varlables rather than the raw varlables.
Aroroximately 50 percent or less of the variance of the dependent varlagles can be explained by the
independent variables, This agrees with the results of Court et al, The R® values for visu axtinction
are consistently higher than those of the infrared variables. Additionally, the winterr R values are
higher than the summer values. The remaining months also show this pattern.

TABLE 19. Coefficients of Determination (RZ) for Ypenburg
January Visual Extinction and Equivalent Aerosol Infrared
Extinction at the .15 Significance Level.

VISUAL EXTINCTION

53 Variable(s) Entered R
L4918 RH
.5296 RH, 2m Wind
.5388 RH, 2m Wind, Temp
L5HU6 RH, 2m Wind, 10m Wind




.

EQUIVALENT AEROSOL INFRARED EXTINCTION 3.8 - 5.0 miarons

53 Variable(s) Entered
. 2940 RH
. 309 RH, Dewpt
3147 Temp, RH, Dewpt
.3159 2m Wind, Temp, RH, Dewpt
.3169 10n Wind, Temp, RH, Dewpt

EQUIVALENT AEROSOL INFRARED EXTIMCTION 8.0 - 12.0 aicrons

ﬁi Variablei(s) Enterec

. 1399 RH

201 RH, Dawpt

. 2107 Temp, RH, Dewpt

2177 2m Wind, Temp, RH, Dewpt

TABLE 20. Coefficlents of Determination (R2) for Ypenburg

July Visuml Bxtinotion and Equivalent Aerosol Infrared
extinotion at the .!5 Significance Level.

VISUAL EXTINCTION

53 Variable(s) Entered

. 3216 Dewpt

U463 RH, Dewpt

L4700 10m Wind, RH, Dewpt

. 4853 10m Wind, Temp, RH, Dewpt

BQUIVALENT AEROSOL INFRARED EXTINCTION 3.8 - 5.0 microns

53 Variable(s) Entered

L1484 RH

. 1606 Temp, RH

. 1690 Temp, RH, Dewpt

L1710 10m Wind, Temp, RH, Dewpt

EQUIVALENT AEROSOL INFRARED EXTINCTION 8.0 - 12,0 microns

53 Variable(s) Entered

. 1203 RH

1627 RH, Dewpt

L1700 Temp, RH, Dewpt

AT 10m Wind, Temp, RH, Dewpt

Several Dbehavior patterns in Tables

19 and 20 deserve comment, Helative humidity is almost always
the first predictor 1in the 3ingle regression model, indicating the importance of moisture in the
transmission proocess. The dewpoint temperature 1s often the seocond varlable added to the regression
model, In_the case of the July visual extinction,
increases R“ values, However, thi{s increase in R
algorithm to calculate dewpoint temperature (Paragraph 2.2). The R
addition of the second variable. Thus,

probably (s due 50 relative humidity being used in the

a two-paramefer multiple regression equation would be most
efficlent. However, none of the models show sufficient R® value t0 warrart use in a prediction equation.
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the addition of dewpoint temperature significantly

values improve very little after the
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APPENDIX A o

SERIAL CORRELATION IN FIRST-ORDER MARKOV MODELS o

A defining property of the Ornstein-Uhlenbeck process {(Whiton, 1982) {s that

Cov {XT+AL'“T2 - coxT+At . OXT - ae-BAt, (A=-1)
which equals p tor x distributed N(O,1). Hence, for N(0,1) x,
o - ae B2, (A-2) —
Applying tne boundary coendition that p = 1 when At = 0 glves the result « = 1. So,
- o7, (A-3)
If py 1s defined as the correlation at unit time, where At = 1, then
o, = e B . const, (A-4)
Consider p at n time steps, nAt
o BnoL - -Bynat p1nAL’ (A-5)
which 138 the characterisatic Markovian correlation decay equatlon,
A=}
- nyn g
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APPENDIX B

WEIGHTED LINEAR REGRESSION LEBAST SQUARES PIT
The equation of the straight 1ine through a Qet of points can be represented as:

1, = B ¢ B, X +¢ (B-1)

i 1 1’

where €, 1s the increment by which an individual Y falls off the line, For a set of observation pairs
(X,Y) Equation (B-1) can provide estimates b, and ty tor By and B, respectively,

Y, = by * bX,, (B~2)

-~

where Y is the predictec value of Y for a given Xl. The sum of the squares of deviations from the true
line {3 given by:

2 - 1 2
SSE-E&:‘-I(YI‘Y)-2(Y1-b°-b,xi). (B-3)

{

where the suymmations are from {=1 fo N,

For an equation of the form (Weibull distribution):

8

Q = exp (~a x ), (B-4)

a linear form can be found by taking the natural logarithm of both sides twice,

a
tn Qe -~ x°
(B-5)

In (=1MQ) « lng + plnx,

A strajght line fit to the set of ordered pairs Inx, ln(-1nQ) gives estimates of o and 8. However, this
minimizes the quantity:

- 2
I(1n(-1nQ) - 1n(-1nQ)) , (B~6)
rather than I(Q—Q)’ as required by equation (B-3).

The change in Q space can be related to the change in 1ln{-1nQ) space by taking the derivative of
In(-1nQ):

d
[+ ]

(In(-1nQ)) = (= =—=~) ¢ (——==) {- 1nQ))

T I

dQ » (Q1nQ) - d(1n(-1nQ)), (8-7)




To integrate equation (B-7), QlnQ must be treated as a constant.

Tne error in Q space is therefore
approximately Q1nQ times the error {n ln (-1nQ) space, and

- 2 2 -
I (Q-Q) = I ((Qm@)  « (1n(~1nQ) -1n(-1nQ)) ). (8-8)

Substituting equation (B-5) into equation (B-8) for the predicted Q term gives an expression for the
sum of the squares of deviation:

2 2
£ ((QlmMQ) -+ (In(-1mMQ) - ina =~ Blnx) ), (B-9)

Let (anQ)’ be a weighting factor WF, Then equation (B-9) becamzs:
2
£ (WF ¢« (In(-1nQ) = 1lna = 3inx) ), (B=13)

To determine the estimates of a and g, differentiate equation (B-10), fi~st with respect to a and
thes with respect to 8, and set the results to zero,

2 .
9—2—‘2—5 - —83 L (WF « (In(-1mQ) - lna - Blnx) ) = -2 [ —'IE (1n(-1nQ) - lna - 81n x) (B-10a)
3SSE ] 2 .
=g " 38" t (W¢ » (1n(-1mQ) - lna -~ Blnx) ) = =2 T WF « 1n x » (In(~-1MQ) - lna - Bin x) (B-10b)
gquating equations (B-i10a) and (B-10b) to zero, we have:
-2 1 & (1n(-1r) - 1no - B1n x) = 0
lnag IWF » 2(In(-1nQ) « WF) ~ 8L(ln x « WF) (B-11a)
“2 I(lnx Wr(ln(-1mQ) - lna - Bln x)) = O
2
g Z(ln X F) = L(ln X « WF « In{(-1nQ)) - 1lna I(1nX - WF), (B-11b)

Equations (B-11a and (B-11b) are the normal equations for a straight iine linear regression fit.
Equation (B-11a) can be solved for a by exponentlating both sides:

a = exp (& [WF 1n(-1nQ)) - BT [WF - lnx])

T (B-12)
Substituting equatic. (B-11a) into equation (B-11b) for lna yields a similar expreasion for 3:
_ IWE T{(nx){1n{-1nQ))(WF)] - [L(WFlnx) EZ((WF)ln(-1nQj)] (8-13)

IWF L((WF) (1nx?)) = (IWF 1nx)2

Equationa (B-12) and (B-13) are the estimates, of 1 and B for a weighted linear regression least
squares fit. Agaln the weighting factor wF is (QinQ)




APPENDIX C

_YPENBURG MODELING COEFFICIENTS
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APPENDIX D

Range of Ypenburg RMS and RESMAX for Selected Curve Fits

10m Wind Speed 2n Wind Speed

RMS HR RMS HR RESMAX HR RESMAX HR RMS HR RMS HR RESMAX HR RESMAX HR
JAN b0 4,2 9 -9 1 -7.8 9 .5 16 2.9 19 “.9 16 6.5 19
FEB 1.2 4 4.3 20 =21 4 9.6 20 .2 19 1.9 21 .3 19 5.2 21~
MAR 1.5 14 3.1 9 -2,6 8 -6.1 6 b7 2.5 3 1.1 1 5.6 3
APR 9 6 2.7 9 1.6 8 -6.4 18 423 2.6 10 .7 4 5.3 10
MAY A.0 16 3.8 12 -1.8 16 ~9.3 12 0.0 2 7.2 24 0.0 3 7.6 21
JUN 1.3 2 6.3 13 -2.3 1 -13.9 13 .1 5 1.2 24 .4 5 2.7 W4
JUL 9 4 3.2 10 -2.3 20 6.0 11 g 0028 1.0 20 -.2 18 2.7 16
AUG 9 7 3.9 5 1.8 7 -7.8 18 1020 1.7 13 .3 20 4,0 13
-SEP 1.1 2 3.0 10 2.1 2 -4.6 13 .1 22 1.2 13 2 18 2.7 6
ocT 9 5 3.4 14 -1.6 5 -7.0 16 0.0 3 601 .1 3 1.9 1
NOV 1.5 16 4,0 23 =2.7 15 8.1 2 A1y 2.2 19 .5 6 5.3 19
DEC 1.1 3 3.3 20 1.5 3 6.8 20 A2 2,2 6 9 2 ~4,0 6
Relative Humidity Sky Cover
RMS HR RMS HR RESMAX HR RESMAX HR RMS HR RMS HR RESMAX HR RESMAX HR
JAN 1.2 11 4,0 16 2.4 1 9.1 16 2.0 8 5.7 1 3.8 8 -12,3 0
FEB t.3 8 3.9 23 -2.2 5 -7.9 10 2.1 16 7.5 13 -3.5 8 -15,7 13
MAR 1.1 14 3.8 5 =1.9 14 7.4 5 2.9 1 5.4 12 5.5 11 -11.4 13
APR .8 20 5.2 8 -1.5 20 11.5 8 4,0 10 8.9 13 -6.9 15 -15,7 13
MAY .6 12 3.0 24 -.9 12 6.0 22
JUN 5 8 3.7 9 ~-1.0 8 8.1 9
JuL 9 21 5.0 5 ~1.6 21 ~13.3 5§ 4.2 15 8.3 8 -6.6 15 -16.7 8
AUG 1,0 1 51 5 ~1.7 10 -12.7 & 4,7 14 8.0 8 8.8 14 -4, 8
SEP B 1 3.3 21 1.3 11 -6.4 21 2.8 1y 8.5 9 4,9 1y -12,2 9
oCT 1.6 15 5.4 1 ~2.8 15 =-14,5 1 2,2 8 4,8 10 -3.5 16 7.8 10
Nov 1. 4 3.6 14 2.5 2 -7.8 11 1.7 27 S.4 14 2.2 17 9.6 10
DEC 1.2 22 3.1 12 1.9 16 7.2 12 2.0 8 6.3 1 3.2 8 -11.6 11
Visual Attenuation Visual Extinction
RMS HR RMS HR RESMAX HR RESMAX HR RMS HR RMS HR RESMAX HR [I''SMAX HR
JAN 2.3 17 5.1 16 7.5 11 13.5 15 1.8 17 3.6 U -3.2 «i 5.8 23
FEB 1. 10 3.1 7 3.6 2 -7.5 8 1.2 7 3.6 2 3.2 24 8.1 2
MAR 2.2 24 5.0 15 6.6 8 13.8 14 2,3 9 5.9 2 -4,6 9 -11.8 2
APR 2.9 5 5.8 21 1.2 5 22.5 19 2.4 1 5.2 19 -4,8 4 -12,7 19
MAY 2.2 17 4,8 22 5.4 6 16.9 8 1.6 14 6.8 20 -3.9 13 =-15.9 18
JUN 1.9 1 4.8 14 7.0 7 1.7 19 2.3 5 5.6 18 -5.2 5 -14,8 18
JuL 2.0 7 4,5 18 7.7 8 20.5 18 1.4 12 6.9 16 3.5 12 -16.8 16
AUG 2.1 3 5.4 11 7.6 6 16.8 8 1.3 18 8 21 =-3.1 18 =111 12
SEP 2.1 7 6.6 15 T.7 7 31.8 15 1.9 9 7.0 15 -3.3 9 -14.4 15
oCT 1.9 2 h,7 15 7.3 2 18.1 16 1.0 23 5.0 17 -2.4 23 -10.1 17
NOV 3.0 8 6.3 15 12.1 8 27.8 15 2.4 1y 5.5 10 -5.8 14 ~11.9 16
DEC 2.4 9 4,6 14 7.9 10 15.7 20 1.1 22 4.6 8 3.3 22 -9,4 8 4
Equivalent Aerosol IR Extinction Equivalent Aerosol IR Extinction
8 - 12 Microns 3.4 - 5,0 Microns
RMS HR RMS HR RESMAX HR RESMAX HR RMS HR RMS HR  RESMAX HR RESMAX HR
JAN 1.3 9 3.4 1Y 3.1 9 10,8 14 t.1 18 2.2 & -2.2 8 -6,0 3
FEB 1.5 3 4.4 15 b5 8 16.9 15 1.3 23 2.9 14 3.0 23 9.1 1§
MAR 1.8 20 b2 15 -6.5 3 -17.9 11 .9 3 2.2 22 2.0 3 =7.3 12,
APR 1.1 22 3.6 9 2.8 2 -16.3 12 1.0 3 2.1 12 2.2 20 -6.4 14
MAY 1.0 23 5.7 12 2.3 23 -26.8 12 1.4 4 4.5 N 1.6 20 -17.1 N
Jun 1.4 24 b6 17 2,9 23 =-20.0 14 1.1 22 3.3 16 -3.0 22 -~10,4 16
JuL TWT 22 5.1 13 1. 22 -22.3 14 8 22 3.8 16 2.5 3 -15.3 1%
AUG 1.2 2 6.0 13 2.9 21 -28.0 13 .8 20 4.4 13 2.0 20 -17,3 14
SEP 1.0 6 6.4 12 =2,7 6 =-27.3 14 .9 19 3.9 112 2.0 2 =158 13
ocT 1.0 19 3.5 15 2.3 21 -12.5 14 .9 20 2,0 10 -1.8 19 7.5 N
NOV 1.8 15 3.7 13 -5,6 16 -16.7 13 1.4 9 3.5 14 11.8 14 1.8 n
DEC 1.6 20 3.2 14 -h,3 3 10,3 13 1.0 10 2.0 11 ~2.2 12 4,7 "
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o APPENDIX E

Dy

S LINE SEQMENT FITTING

Figure E-1 shows the threshold and corresponding cumulative probabilities for a line segment fitting
scheme,  The cumulative probabllity represents the probability that the independent variable is less than
or ¢qual to the threshold; 1i.e., Pr (X < xT). ‘The arrays contain both exterior boundaries; 1, e., the

thresholds for the ~cumulative probabilities of 0 and 100 percent. The total number of data points must be
a multiple of the number of line segments desired:

[ .
Bl
L L B P B

NP « NLS - 2, (E-1)

NI

ke

where NP is the number of points in each line segment, and NLS i3 the number of 1line segments. For

example, Lf four points are to be used in each of three line segments, the total number of data points :
must be (4 « 3 - 2), or 10, ‘

Y=100

=X;)

"E‘ﬁ'
gl <
- A A

o
s

LA l‘.'ul_'.'

-

g
o

CUMULATIVE PROBABILITY Pr(X

S e e e i g ol

— T T T 1 T T 1 I
THRESHOLD PARAMETER XT

Figure E-1. Example of Line Segment Fitting for Three Line Segments (LSi, LSa:, and LS,)

) Passing Through the End Points (xi, yi), (x2, y2), and (x5, ys), Respectively. ;.
bd ) i
Jp’:i‘ i }
"-".a“ Two line segments in Flgure E-1 are to be fit across N; data points. Only five data points are {
.4'« ’ shown for clarity, The beginning of each line segment will pass through the point (xi,yt), which defines {
d: ? the lire segment position and eventually the slope, Although the (x1 .yl) points don't necessarily have :

o to correspond with a threshoid, they are chosen this way to ald in storage of the final (x1 .y])'s for all
- line segments, The heglinning and ending of the two llne segments are defined by the two boundary
anaditions:  the intt{al line segment LS: must pass through the zero percent CDF point (xl. yl). and both
line segments must pasa through (x, ,y,).

Let a) and az be the slopes of line segments LS: and LS», respectively, and let by and bz be the y-
intercepts of LS: and LS2, respectively, For the two line segments, the cecquations for a straight line
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y =a, x +b, (Eizé)
y =a; x+b,, (E-2b)

Applying the boundary condition that the first two line segments must pass through (x
equations (E-2a) and (E-2b) become: ° g ()

Yy =a; (x=x,;) +y, (E-3a)

Yy =a; (x - x;) +y,. (E-3p)
“

Now applying the boundary conditlon that LS: must pass through (xi,y:), the slope of LS: can be
defined as:

Y2 - Y

R (&=

a, =

Setting up the regression equations, the sum of the squares of errors (SSE) for the two line
segments become I and T and are the summations over LS: and LSa2 respectively:
1 2

2
SSE, = f (yi - a,(xi- Xa)-Y2) (E-5a)

2
SSE, = L (y1 - a,(xl-x,)-yz) . (E-5b)
1
The total sum of the square of errors SSET is the sum of the SSEs over two line segments:

SSET = SSE, + SSE,. (E~6)

Following standard linear regression techniques, differentiate equation (E-6) first with respect to
y2 and then with respect to a2, noting from equation (E-4) that a: is a function of ya:

8SSET X ~Xa
%, --21 (yy = ay(x; = x3) = ¥2) (;::;T

) -2 ¢ (yi-az(xi-xz)-yz) (E-T)

3SSE
2a

T
2

= - 2D (ymaa(xmxa)) (xymxa). (E-8)

Settfng equations (E-7) and (E-8) to zero,

17 Xz

X
f (yy= ailx;= %)~ y,) (_x}—-_x, +1) - L (yy = aalx = X2)- y,) = 0 (E-9)
2
Ly, (x= %) -a; L (x,-%,;) -y, L (x,-x,) =0, (E-10)
a o1 a | P
Solving for a: In equation (E-10) glves: .

E Y, (xy- X2) = ¥, E (x;= x2)

a; = * (E-11)
? E (x‘.- xzi

To make the derivatjon somewhat easier, the following simplifying substitutions are defined:

E~2

LT
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error at this point 14 counted twice.

T
A=y a2 =%y,
Bl = 2 (x,~ x,) z
1T Xa Yy B2 = 3 (x,= Xa)y,
L
Cl = | (xi- X,) Cc2 = E (xi- Xa)
L 2 2
Dt = (xi— X,) D2 = E (xl— X3z)
L
Ny, =1 Vs N.y, = ’z: Ya
E = (X~ X,) .
Using these substitutions, equations (E-4) and (E-11) become:
Y= Y1 B2~ y,C2
a, = —% and a = —pz— .

Substituting a: and a. from equation (E-12) intu equation (E-9) gives:

(y2- yl) m ()'z'" y;) C1 B2~ y,C2

1
E (81 - B T y.C11 + [AM1 - — g -~ N,y.1 + A2 - D3

Solving equation (E~13) for y. gives:

Bl B2:C2 Y, D1

v A1+A2+E‘——T)2—+E—O(——E+C])

2= D1 T1 _ C2+C2 y
gET2F "oz "Nt N

-~ Ny, =0,

(E-12)

(E-13)

(E-14)

Since the point x: falls on an observed threshold that 1s used in fitting both line segments, the

~ 2
SSE; = SSE, (uncorrected) - (y-ys) .

The contribution of one thege errors must be subtracted from ya.
Let y be the observation at xa.. The squared error at x. is (y -y2) and the corrected sum of the squared
errors becomes:

7

(E-15)

This correction term shows up only in the partial differentiation with respect to y: (see equation

~

9 _ 2 o
ETH (y-ya) 2 (y=ya) .
Therefore,

9 ) oo
T SSEq (corrected) = Ty SSEy (uncorrected) + 2 (y-y,) .

(E-16)

(E-17)

Applying this correction term to equation (E-14), the corrected y-value for the line segment

becomes:

E-3



. Y -
A1*A2+g—l-gg—ﬁ—c—2+ﬁ—-(%—+c1)-y
Ya= r , (E-18)
R}#ZE—‘--.(EE.)-+N14N2-1
E E D2

where N1 and N2 are the number of data points in line segment fits LS: and LSz, respectively.

E-Y




APPENDIX F

EFFECT OF OBSERVATION ERROR IN CORRELATION

Bron«s and Carruthers (1953) expand the tasic correlation equatfon to show that

the actual

correiation {3 larger tnan the correlation derived from the measured data. Witn certain assumptions,

correlations derived from obeerved data can be significantly improved,

Let ¥ and Y be twd measurcd variatles, let x ar1 y te the deviaticns of X and Y frem

thalr mean

values, let N be the number of cairs of observations, and let 0.0 O, be the standard deviaticns of the X
and Y serles. If d and e are randum errors of observation of X and Y, respectively, the deviations of the

observed values from their means can be written:
a = x +d
8 =y + e,

Tne correlaticn coefficlent btetweer tw~™ variasies X and Y is:

which can also be written:

Substituting the equations fcr a and B (equation 5-1-1) into equation 5-1-3,

P, X AP ARV A W F AN B 5.8 5 O f CE———— e ——
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In expanded form the numerator tecomes,
Ixy + Ixe + Idy + Ice -NL;Q + xe + 4y + del .

Rearranging terms in equatlon (F-%),

pY

(Ixy - Nxyi + (txe - Nxe) + (Ldy - Hdy) + (Lde - N de;.

2

kel
—
-

[
C

APy

From the definition of the corralation coefficlent {n equaticn (F-3), each of the terms
£ can be written in the ferm:

Nr . U(y - Ixy - MNoy

2

A

>
~

hr v.n, = Kroo.g ¢+ Hr G, ¢ * N . ¢ ¢
Xy X'¥ XeoXoe dy "4 'y de "d e .

Y S M

ol 4
-

Ingerting the rnumcrator (equation F-8) Laeck Inlo eqgquation (F-d),

.
4

d
i

Ke 6 s+ hr oo«
Yy X ¥ Xe x ¢ dy

' hy o
a

| XA
C

(F-23

(F-3:

(F-4)

(F-5)

(F-6)

in equation

(r-7)

Uring the format of equaticn (F-73 for each of the terms 1 equation (F-t', the numerator Lecomes:

(F-8;

(F-9)

L &

T4 el B WL
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If we assume that the randocm errors 4 and e are entirely

the correlation teirma {nvolving d¢ and e become zero:

where

Trnerefore, the zctual correlation between twd variables {s larger
the meazured values. Furthermore, a quantitative estimate of the actual correlation is possible where the
assumption that the random errors of cubservation are entirely independent of each other hclds.
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG VISUALJATTENUATION

HIL 1
OVERALL 0.9407
YEAR 1 0.9394
7063
YEAR 2 6.9179
731
YEAR 3 6.9287
743
YEAR 4 0.9490
716
FIGHZ 0.3346
LINEAR REC @.5239

TOT NRUM 0B8 IHK COR

HR 1
OVERALL 6.92461
YEAR 1 ¢.9339
633
YEAR 2 ©.9516
624
YELAR 3 6.9166
693
YEAR 4 €.9694
€30
FISHZ 0.9439
LINEAR REG 0.9232
TUT WU GB8 ik COn

HR }
OVERALIL 0.9307
YEAR 1 6.9388
8590
YEAR 2 0.89680
836
YEAR 3 0.9393
737
YEAR 4 9.9287
743
FIsSHZ 6.3284
LINEAR REC ®.90360

TO'T RUM OoBE 1HR COR

HR )
OVERALL @#.931%
YEAR 1 6.936%
560
YEAR ¢ 6.93018
717
YEAHR 3 08.8962
kg X¢
YEAR 4 @.9348)
719
FISHZ ®.9266
LIKEAR REG 0.8930

TOT NUM OBY 1HR COn

HR 2
.8923
.A923
7960
. 8629
736
.86€9
742
. 8998
718
6812
. 8842

2AR93

eSS & © & & eSS & © B O°
2}
a
®

S & & & O
[++]
>
3
s

6610
563
. 8023
716
.7HE6
1€
. BRu40
18
835306
04931

2714

e & & O DO

HR 3
.8%62
.8%82
696
.8170
729
.8214
717
.8638
714
.8417
. 8462

S © & & 9O

HR 3
. 8396
. 8044

. 8428
624
L7787
02?
6978
628
.8370
0.83%0

S O ¢ 9 O

O & & O o9
e
-
|

ANVARY
HR 6 HR 9
9.7618 0.6809
0.7405 0.6123
687 681
0.7250 0.6530
726 723
9.6881 6.5800
738 738
9.7803 8.7129
711 708
Q.7347 0.6421
0.7416 0.6300
FESRUARY
HR € HR 9
0.6996 0. 53883
9.6339 0.3%589
619 613
@.6834 0.5346
618 612
9.6149 0.4927
680 683
2.7986 9.7280
628 622
0.5934 0.35848
0.7194 0.6194
MARCH
HR 6 HR 9
6.7018 9.6109
0.7666 6.6879
490 401
9.35386 9.4344
367 8592
0.7927 6.6077
730 T27
€.6640 0.5500
738 733
0.6768 6.8764
0.6947 6.%928
ArRlIL
HR 6 LR 9
0.6630 6.56490
6.621¢ 6.31408
83% 349
0.6738 0.35483
12 709
@.4H849 0.3081
712 709
0.7311 0.6300
714 711
0.6374 8.0(5¢0
0.6701 0.05941
G-2

(PER KM

)

mR 12

O & © B 50

e S & & OS

o & & ©9

e © & S &8

. 6249
.3292
675
.3834
721
. 8346
732
.6346
703
.5784
.83697

HR 12
. 4731
.5%1063
543
. 449t
7006
2311
706
.85932
708
. 4322
. 4749

O © & © 9

2 & 3 & O¢

e © & O %

o & © & o9

HR 18
L4232
.%e24
472
. 1965
8636
.4116
719
L2367
726
L3699
L3677

IR 18
. 4064
. 2806
831
. 3324
700
. 2426
700
. 5042
702
L3504

. 3368

e & & O o9

o O % & 9O

S & © & O®

e & & 2 &

HR 24

.3807

L2417

. 2930

HR 24
. 4334
.3973

023

. 0843

5i8

L8727

712

. 2833

720

. 2958
L2673

.

. 2803

2384
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SERIAL CORRELATION COEFFICIiERTS ARD EXPONENTIAL DECAY FURCTIONS
YPENBURG VISUAL ATH'X%NUATiON (PER KM

2

HR 1 HR 2 ER 3 HR 6 HR 9 BR 12 ER 18  HR 24 e
OVERALL 0.932: ©.6670 0.8066 0.6621 ©0.379% ©.3374 0.5823 0.4754 o
YEAR 1 ©.5092 ©.8148 ©.7383 ©.5363 ©.4207 ©.4091 6.3847 ©6.23848 35
636 635 634 63 646 648 639 633 b,
YEAR 2 ©.9271 ©.8432 ©.7339 ©.3713 0.4514 ©.3850 0.3595  0.3272 ,
625 623 621 615 609 603 591 379 g§
YEAR 3 0.9067 ©.8234 ©.7384 ©.5910 ©.5169 9.4713 ©.4191 9.3712
739 738 733 734 731 728 722 716
YEAR 4 ©.9438 ©.8831 ©.8164 ©0.5500 €.3174 ©.4428 0.3771 ©.3874¢ R
738 736 734 730 727 724 718 712 \
FISHZ ©.9229 ©.8441 6.7704 ©.3915 0.4825 ©.4301 ©.3866 ©.3612 bﬁg
LINEAR REC ©.8590 ©.8180 ©0.7788 ©.6724 6.58053 ©.5011 ©.3735 0.2783 <
TOT NUM OBS 1ER COR 2738 %’é
JUNE
BR 1 HR 2 HR 3 HR 6 HR 9 BR 12 HR 18  HR 24 e
OVERALL 0.9062 ©.8313 0.7664 0.5360 ©0.490% ©0.4322 0.3224 0.2518 o
YEAR 1 09045 ©.809B ©0.7156 ©0.4967 ©0.3780 ©.3177 ©.2472 @.2469 >
717 716 715 712 709 706 700 694 |
YEAR 2 ©.8692 ©.7907 ©.7328 ©.5689 ©0.4993 0.4916 ©.4161  0.3249
423 420 417 468 399 390 373 355 !
YEAR @ 0.9299 ©.8669 ©.8130 ©0.667% ©0.5346 ©.4338 9.2898 6.2616 o
621 621 618 699 600 591 573 537
YEAR 4 ©.060¢  0.9000 ©.0000  0.0000  0.08¢8  0.0000 ©.0000  0.0000
s o
FISHZ 0.9676¢  6.8285 0.7578  ©.5766 0.4681 ©.4063 0.3018  ©.2489
LiNEAR REC @.8704 ©.8156 ©.7647 ©0.6207 ©.3185 ©.427¢ ©0.2893  6.1963
_ TOT NUM OBS 1HR ©COR 1764 gx

g
<
= ¥

HR 1 HR 2 HR 3 BR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 6.9224 ©0.8421 0.7647 0.3897 ©0.49694 ©.36%94 0.2793  0.20%50
YEAR 1 9.9313 ©.8374 9.79406 0.6591 0.5672 0.3135 ©.4208 €.3812 i
745 742 T41 738 745 732 726 720 e
YEAR 2 0 8997 ©.7936 0.6893 0.56B9 9.4046 0.272 0.1608 ©.0342 Rt !
617 614 611 691 592 583 563 547 .
YEAR 3 0.9332 ©.8663 ©.7856 0.3766 0.4289 6.3196 ©.2182 0.1187 e
741 740 7€l 736 733 730 724 718 Lo
YEAR 4 0.9099 ©.8249 ©0.7440 ©.5660 0.4412 ©.3449 0.2639 0.2114
702 699 696 687 678 669 656 644 -
¥ ISHZ, 0.9207 @.83728 ©0.7385 ©0.3338 0.4660  €.3698 6.2773  0.2027 s
LINEAR REG  6.8920 0.8287 ©.7690 ©0.6171 ©.4948 6.3966 ©0.2349 0.1638 v
iy
T0T NUM OBS 1HH CCGR 2803 ;:
[y
Y
AUGUST P
HR 1 HR 2 HR 3 HR 6 HR 9 HER 12 HR 18 HR 24 -
OVLRALL 0.9362 0.0732 0.£164 0.6840 0.387¢ 0.5169 ©.4392  ¢.3654 "
YEAR 0.9215  o.LsbBd ©.7553  6.5543  ©.3943  6.0429  6.3332  €.3233 Lo
641 678 676 670 €64 638 646 634 Lo
YEAR 2 9.8913 @.8140 ©6.7522 0.5910 ©0.4614 9.3800 0.2743  6.2697 N
525 521 317 505 194 453 479 464 L
YEAR O ©.9258 9.8400 0.7679 6.6323 0.85391 0.4921 ©.3808 0.2638 e
649 646 640 634 625 616 604 592 Kn
YEAK 4 0.9436 ©0.8898 ©.8390 0.7196 0.6i69 0.4862  0.3347  6.2522 ¥
732 730 728 722 716 712 766 700
FISHZ 0.9247 9.6510 ©0.7847 0.62084 9.T128B 0.4310 9.348! ©.2661 Ay
LINEAR REG  ©.8922 ©.8406 ©.7919 0.6622 0.3337 €¢.493@  0.3237  ©.2263 e
Y.
TOT NUM OBS IMR COR 2387 re
¥4
' G-3 0
]
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SERIAL CORRELATION COFFFICIENTS ARD EXPONENTIAL DECAY FUNCTIONS
YPENBURG VISUAL ATTENUATIOR (PER KM)

SEP1TENBER
HR 1 HR 2 HR 2 HR 6 HR 9 HR 12 BR 1@ HR 24
OVERALL 0.9295 ©6.8647 ©.8023 0.6513 0.35123 9.4271 0.3476 ©.2778
YEAR ! 9.9162 ©.8334 0.7568 €.3329 0.3182 6.1691 0.0548 ©€.0946
443 442 441 438 435 432 426 420
YEAR 2 6.8925 0.8Bi87 ©.7517 0.5908 0.4437 6.3732 0.2772 0.2283
673 673 671 663 639 653 641 632
YEAR 3 0.9285 ©.8463 0.7648 0.5637 0.3742 €.2517 ©.1341 6.0233 %
632 626 638 605 595 593 585 576 r
YEAR 4 9.9465 ©.8857 ©0.8313 ©.7077 0.596€ 0.5268 ©.4697 0.3728 t
719 718 717 714 711 708 762 696 .
FISHZ 6.9220 0.8392 0.76817 0.6129 ©0.456%4 ©.3593 0.2664 6.2013 b
LIFEAR REC ©.908¢ 0.8418 ©0.7804 0.6219 0.4935¢6 6.3939 €.28508 0.1593 F
»
TOT NUM OBS 1HR COR 2469 !
(o
OGTOEER 2
N,
HR 1 HR 2 HR 3 #R 6 HR 9 HR 12 HR & HR 24 iy
OVERALL 6.9326 0.9119 0.8739 ©.7749 ©0.6925 0.6408 0.3507 0.51653 W
YEAR 1 ©.9258 0.8834 9.7889 0.6031 ©.3061 ©.4588 ©.3962 6.4125 -
581 579 577 371 565 559 547 537 ’
YEAR 2 0.9656 0.9341 9.9610 ©0.8072 ©0.7034 ©0.6349 @.5177 ©.4394 B
708 707 706 703 700 657 691 685
YEAR 3 6.9242 ©0.6533 ©.7933 0.6616 0.3479 6.4986 0.3734 6.3476 -
696 693 699 682 67 664 647 637 o
YFAR 4 6.9180 9.03595 ©.06091 0.6769 ©€.3559 9.4666 ©.2893 ©.1932 o
743 742 741 738 735 732 726 726 ‘0
FISHZ $.9366 ©0.8823 0.8313 0.6997 6.35883 ©.5i89 0.396 9.3458 .
LLINFAR REC  @.9181  @.1”72) 8.81160  0.7192 @4.622% @.83A7 Q@ 4035  @.3022 W
TOT NUM OBS 1HR COR 2728 ;Qé
NOVEMBER ;
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24 J
OVERALL 9.9490 ©0.9679 0.8702 9.7786 ©0.7160 ©.6€58 0.3878 0.3461 (v
YEAR 1 9.9196 ©.8693 @.82835 0.7113 ©0.6194 @.5615 ©0.47635 ©.3926 ,
719 718 717 714 711 766 702 696 )
YEAR 2 8.966! 6.9374 0.9139 ©.8622 0.8286 6.7943 0.73351 ©.6846
717 716 719 712 709 766 700 6%94 tB
YEAR 3 2.9125 0.8437 ©6.7696 6.57352 0.4375 6.3391 0.2232 0.2213
717 716 621 712 709 706 709 694
YEAR 4 €.9321 0.9633 ©.8020 ©.6672 0.3835€¢ 0.5122 06.36580 0.3012
619 613 607 594 383 575 562 559 :
FISHZ 8.9366 ©.8834 9©.8413 0.7247 ©.6437 0.5009 0.4B13 0.4233 ?\
LINEAR HEG ©0.9678 @.8747 ©.8428 0.73540 0.67T45 ©.6933 ¢.4828 6.3864 ﬁ:
TOT NUM OBS 1HR COR 2772 gt
DECEMBER e
HR 1 HR 2 HR 3 HR 6 KRR 9 HR 12 HR 18 HR 24 L‘-'
OVERALL 9.9419 0.8911 9.8424 ©0.7208 0.6248 €.5589 €.05110 0.4879 A
YEAR | 4.9628 0.9267 0.8880 ©.7713 0.6698 0.6005 ©0.6037 0.6177 }.
532 549 546 537 528 519 801 484 5
YEAR 2 8.9663 ©.9379 ©0.9147 0.8620 0.8279 0.7933 0.7343 0.6839 3
692 692 691 638 683 682 676 670 t}
YEAR 3 0.9120 ©0.8426 0.7624 0.63990 0.3213 ©0.4269 ©.3412 ©.3137 d
743 742 728 738 735 732 726 726
YEAR 4 ©.9078 ©6.86275 ©.7433 0.3403 © 4128 0.3200 ©.2286 ©.14353 -
728 725 723 717 711 700 70 694 o
FISHZ 0.9413 ©6.8904 ©0.842% 0.7208 ©0.6306 6.5507 ©.4912 0.4560 e
LINEAR REG €.9643 ©0.8723 ©.84153 0.7332 0.6778 0.6082 0.4899 0.32453 o
L'
TOT NUM OBS 1HR COR 2716 v
G-4 -
A%




Ay,
.

SERIAL CORRELATION COEFFICIENTS AKD EXFONENTIAL DECAY FUNCTIONS
YPENBURG VlSUALJE%EAggTION (PER KM)

Nty sl ede < LUy
“- :‘.' -
g

HHR 2 HR 3 HR 6 HR 9 oR 12 HR 18 HR 24

OVERALL 0.8892 0.8366 9.7988 9.6944 0.6231 ©.6823 0.4717 0.3728

YEAR 1 ¢.8996 6.8517 e6.a8:18 0.6987 6.87708 0.4977 0.3616 0.2681

703 7ee 696 687 681 673 666 661

YEAR 2 9.8669 0.8011 6.73%6 9.6374 0.5658 0.5070 0.3383 9.2402

. 7 714 714 710 767 708 699 693
g YEAR 3 @.9031 0.8299 9.7796 6.6338 6.35449 0.4946 0.3291 0.22i18
714 712 710 698 692 680 668

YEAR 4 0.835%6 0.7998% 0.7624 0.6430 0.5876 6.8638 9.4748 6.38608

716 713 714 i1 708 703 699 693

g FISHZ ©.8827 0.8216 0.7738% 0.6586 0.5692 0.5168 6.3823 6.2729
y LINEAR REG 0.8648 ©.8230 6.7833 €.6731 8.3819 0.%01:0 0.3726 @.2768

ot o

TOT NUM OBS 1HR COR 2830

FEBRUARY
HR 1| HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 BR 24
OVERALL 9.9222 0.8638 ©6.3094 0.63564 ©.53533 ©.4739 0.3689 0.3137
S YEAR 1 0.9154 0.8384 ©.7668 0.3918 ©.4894 ©.4172 0.2800 0.0711
- 588 575 572 561 552 544 527 511
WA YEAR 2 9.9343 ©6.8834 0.8248 0.6682 0.5584 0.4612 0.2869 0.2462
& 623 621 619 613 607 601 589 877
g: YEAR 3 @.9091 0.8412 0.7781 0.6812 ©.4684 ©0.3302 0.2027 0.2063
693 692 691 688 685 676 670
YEAR 4 ®.9213 ©6.8851 0.8524 0.7433 0.6821 ©.6342 0.6463 0.6249
- 630 629 626 6253 622 619 613 667
o5 FISHZ 0.920¢ €.8636 ©.808% 0.6558 ©.3547 0.4721 0.3706 0.3:19
» LINFAR REGC ©.894 ©0.8304 ©.8067 ©.6686 0.35878 0.5018 ©0.3637 0.2663
*a
SEN TOT NUM OBS tER COR 2826
Y :, N
N
S MARCH
' HR | HR 2 HR 3 HR 6 HR 9 BR 12 HR :8 HR 24
y OVERALL 0.8857 0.016 0.7754 0.6373 ©0.5248 ©.4433 0.3%582 6.2972
- YEAR 1 ©.8731 8.797 0.7714 6.6511 ©.5318 ©.4163 0.32353 0.2852
" 647 644 644 634 623 61é 599 885
YEAR 2 0.7945 ©0.7018 ©.6243 0.4303 ©0.2634 6.1932 0.1594 0.60€74
457 431 446 432 421 411 389 72
YEAR 3 @0.8831 9.7937 ©.7446 6.3894 ©.4962 0.4332 0.3088 0.2738
702 699 696 69 1 685 680 671 664
YEAR 4 9.9021 0.8406 9.7962 ©0.6394 0.3663 0.4117 0.3176 6.2369
741 746 739 736 733 730 724 718
FiSHZ €.8743 0.7961 0.7504 0.397] 06.4729 ©.3848 0.2923 @.2232
LINEAR REC @.8320 ©.7977 ©.7469 0.6131 ©0.5033 0.413i ©.2783 0.i873
TOT NUM OBS 1HR COR 2547
APRIL
e HR 1] HR 2 ER 3 HR 6 HR 9 AR 12 HR 18 HR 24
D% OVERALL 6.8785 0.86i60 ©.736z 0.5764 @.458Y 6.4118 €.3589 0.2v9@
A YEAR 1 0.8138 ©.70630 0.5986 ©.3766 0.2642 0.2399 0.1994 0. 1438
" 551 547 54% 336 530 526 518 506
YEAR 2 ©.9030 0.8387 0.7778 0.3088 ©0.45332 0.3593 0.2795 0.2265
713 711 709 706 703 700 694 688
YEAR 3 0.8330 ©.7T146 0.6133 ©.4073 ©.2406 ©6.1988 @.1842 0.1229
715 714 713 7106 707 704 698 692
YEAR 4 @.8587 ©0.7798 ©0.7448 6.6063 ©0.4965 0.4724 0.3891 0.2736
382 386 378 372 366 360 349 337 .
FIsnz ©.8585 9.7666 ©.6890 0.4973 ©0.3871 ©.3038 0.2501 0.1831 | oA
LINEAR REC ©.0185 ©.7358 ©.6279 0.3495 ©.4327 0.3407 0.2112 0.1 E-

TOT NUM OBS 1HR COR 2391
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG VISUAL EXT&R?T!ON (PER KM

HR 1
OVERALL 0.8837
YEAR 1 9.7903
846
YEAR 2 0.8931
040
YEAR 3 0.8601
738
YEAR 4 6.8616
738
FISHZ 0.8568

LINEAR REG 9.7957
TOT FUM OBS 1FR CORf

HR 1

OVERALL 0.83338
YEAR ¢ 0.8142
716

YEAR 2 0.7857
267

YEAR 3 0.82?8
{

YEAR 4 0.0008
FISHZ 9.8331
LIREAR RES $.773%

HR 1
OVERALL 6.8777
YEAR 1 0.832"
741
YEAR 2 0.8271
373
YEAR 3 9.9111
602
YEAR 4 0.86490
843

FISHZ
LINEAR REC 9.083%06
TOT NUM OBS 1HR CGR

BR 1
OVERALIL. 0.8776
YEAR 1 0.8986
617
YEAR 2 (] 8%7?
1
YFEAR 3 8.8672
. 621
YEAR 4 0.8636
743
FISHZ 0.8670

LINEAR REGC  9.8334
TOT NUM OBS 1HR COR

HR 2
. 8240
. 7264
544
. 8221
43
L2278
734
. 7877
736
. 7800
.7314

2368

S © & P o8

HR 3
. 7369
.6913
8342
.7383
341
. 6940
733
. 7278
734
. 6966
. 7996

P O & & O S © & S &P
~
-
N
<

2 © & & &9
-
)
>
[~

HR 6

AUGUST

HR 6

SO & & P DO

.6133
. 6000

887

.5344

491

.3638

606

.6076

738

.3806
L6072

HR 9
.5332
. 2033
536
.3140
3i8
.4181
727
. 4317
27
.4013
.3033

S® I ¢ & O

HR 12
. 4975
. 2231
524
. 4401
806
.3785
724
.3683
724
.3577
. 4239

SO & © & SO

20 & S & 99
. »

=2

[

~

S & O & &3
>
kS
[~
*

HR 18
0.4663
8.0937

HR 18
. 2794

S & & & o°
[
~N
=
]

SO & ® $ SO
[7)
N
a
L

HR 24
. 4323
. 1693
j00
.3019
474
.3078
T2
. 3704
12
. 2962
.2132

e & O & ©9

S © O & o9
g

HR 24
@, 1803
0.2686

718
0.1339
363
9.0327
570
0.1039
474
6.1523
0.1180
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPERBURG V lSUALSgPXTl NC"{II‘ON (PER K

‘ HR 1 HR 2 HR 3 HR 6 HR_9 HR 12 HR 18  HR 24
! OVERALL 0.8927 ©.8342 0.7939 0.6794 ©0.5771 ©.5326 0.4401 ©0.3634
; 1 €.6338 ©.5760 ©.3812 ©.4607 0.2437 6.2144 ©0.0035 ©.0210
: 367 365 363 362 389 356 580 344
; YEAR 2 ©.8603 0.7074 ©.7323 0.3822 ©.4987 ©0.4752 ©.3455 ©6.2668
! 26 632 648 639 630 622 610 609
YEAR 3 ©.9060 6.8273 ©0.7373 ©.6606 ©0.4442 0.35651 ©.2632  ©0.1564
66 659 656 647 638 629 611 593
. YEAR 4 ©.9299 0.8699 ©.8170 ©.6796 ©.5004 0.4612 0.3509 ©.2147
310 398 306 300 294 276 264
§ FISHZ ©.8688 9.7892 0.7333 6.5844 0.4458 ©.4882 0.2378 0.1771
s LINEAR REG ©.8317 ©.7921 ©.7366 ©.3924 ©.4763 0.3832 0.2479 ©.1604
) TOT NUM OBS 1ER COR 1995
OCTOBER
HR 1 HR 2 HR 3 HR © HR 9 HR 12  HR 18 HR 24
OVEPALL 0.9243 0.8721 0.8277 0.7252 ©0.6506 0.5932 0.5066 0.4617
YEAR 1 ©.9217 ©.873@ 0.8332 ©.7366 0.6736 ©.6130 ©.3257  ©.5097
N 489 486 483 4749 466 466 448 437
: YEAR 2 ©.9397 0.90€0 6.8521 0.7231 ©0.6102 ©.5361 ©.4246  0.359%
698 696 694 668 684 681 675 6
3 YEAR 3 ©.8953 ©.7960 ©.7283 ©.6066 ©0.3073 0.4407 ©0.3579 ©.3461
692 689 687 678 669 661 642 632
9 YEAR 4 ©0.8618 ©.7803 0.7168 ©.5688 ©0.40€6 ©.4248 0.2887  0.1868
743 742 74} 738 735 732 726 729
* F ISHZ 0.9071 0.8413 0.7653 0.6568 ©0.5649 0.4971 0.3892 0.3368
> LINEAR REC 0.8729 ©.8325 ©.7939 ©.6083 ©.5972 0.5179 0.3896 ©.2930
o TOT NUM OBS 1HR COR 2622
25
NOVEMBER
HR 1 R 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
by OVERALL 0.9097 0.8672 0.8227 6.7199 0.6339 0.6096 ©0.5581 ©.3140
k. YEAR 1 6.8367 ©0.7499 ©0.6967 ©.0179 ©.4173 ©.40380 0.3306  ©.2034
- 714 712 711 708 705 703 698 692
N YEAR 2 ©.9474 ©.9234 ©.8989 ©0.8487 0.8172 0.7833 0.7499  0.6879
: 701 700 699 697 693 690 684 678
> YEAR 3 0.8760 ©0.8093 0.7017 ©.4602 ©.3436 0.2522 ©.2003 ©0.218%
717 716 715 712 709 706 700 694
YEAR 4 ©.8399 0.8108 ©0.7334 ©.6340 €.5513 0.4812 ©.3588 0.3391
! 696 694 692 686 6 674 662 632
; FISHZ €.8887 6.8342 ©0.7796 ©0.6481 0.5662 0.5116 ©.4468 ©0.3843
! LINEAR REG ©0.8488 ©.8136 ©.7836 ©.6952 0.6167 ©0.3471 ©0.4306 ©.3389
= TOT NUM OBS 1HR COR 2828
Q
o) DECEMBER
\ HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18  HR 24
OVERALL @.8394 0.8236 0.7681 6.6280 8.3271 6.4673 0.4264 0.40698
) YEAR 1 €.9334 ©.8970 €.8543 ©0.7441 ©.63AB ©.5886 0.6152 ©.6316
) 574 572 570 564 558 552 540 528
) YEAR 2 ©.9473 0.9238 ©.8998 ©.8483 ©.8156 @.7838 0.7437  ©.6872
677 676 673 673 669 666 660 634
it YEAR 3 0.8353 ©0.7569 ©.7101 €.5473 ©0.4331 0.8374 ©.2686 ©6,2719
! 736 734 733 739 727 724 720 714
_ YEAR 4 0.8408 0.7377 ©.6435 0.4334 ©.3457 0.2719 0.1831  ©.0997
738 736 733 732 729 726 720 714
FISHZ 0.8977 ©0.8429 ©.7932 6.6666 ©.5823 0.35230 0.4745  ©.4343
LINEAR REG ©0.8323 €.8226 ©.7938 ©.7136 ©.6414 ©0.35766 0.4059 ©.3764
TOT NUM OBS 1HR COR  272%
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SER!AL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS K

YPENBURG AEROSOL INFRARED TRANSMISSION 3.4-5.6 MICRONS (%) L
JANUARY
HR 1 HR 2 HR 3 HR 6 HR 9 BER 12 HR i@  HR 24 &
OVERALL 0.7206 ©0.6283 9.5531 6.4337 ©.3894 ©0.3545 0.2873  0.2345 ,
YEAR 1 ©.6417 ©.3495 ©.4982 ©0.3792 ©.3154 ©.2765 ©.2189 ©.1741 D
642 638 634 623 619 613 605 599 )
YEAR 2 ©.7190 0.6074 ©.5164 ©0.43516 €.3936 0.3279 0.2339 ©.1453 .
702 697 697 693 690 687 681 676
YEAR 3 0.6886 ©.3907 ©.4944 ©.3204 ©.3077 ©.2928 6.1837 ©.168| 3
728 726 723 716 713 710 704 698 !
YEAR 4 ©.7261 0.5941 ©.5189 ©0.2848 ©.2290 ©.2136 0.22290 ©.1548
698 696 696 691 687 633 677 672 vy
FISHZ 8.6963 ©.5866 ©.503( ©0.3605 0.3126 ©.2785 0.2143  0.1603 &
LINEAR REG ©.6322 0.5880 ©.5470 ©.4462 ©.3543 ©.2831 ©.1847 ©.1196 3
TOT NUM 0BS 1HR COR 2770 4
=N
sV
FEBRUARY :
HR | HR 2 HR 3 HR 6 HR 9 HR 12 HR 18  HR 24 R
OVERALL ©.7798 0.6927 ©.3315 ©0.4423 0.3356 0.2655 ©0.1402 ©0.0989 :
YEAR 1 ©.7899 ©0.6830 ©.6039 ©0.4570 ©.3584 ©0.3014 ©.2008 ©.0919 N
623 618 613 693 599 594 583 73 2y
YEAR 2 ©.7635 ©.6786 ©.6268 ©.3918 ©0.2701 ©.2393 0.1033  ©.1375 T
573 573 566 553 544 540 531 519 r
YEAR 3 ©.8113 0.7251 ©.6651 ©.4956 ©0.3733 ©0.2267 ©.9392  6.6337 o
671 667 663 657 652 648 642 636
YEAR 4 0.6965 ©€.6256 ©.5704 ©.3408 ©.2828 6.2917  0.2063  6.2732
606 604 662 596 590 584 572 561
FISHZ ©.7700 ©0.6814 ©.6188 ©0.4257 ©0.3242 ©0.2647 ©.1591 ©.1317
LINEAR REC ©.7435 ©.6794 @.6192 ©.4688 ©.3549 ©.2686 ©.1540 ©.0882 /
TOT NUM 0BS 1HR CGR 2473 RS
- Ly .
MARCH
BR 1 HR 2 HR § HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.7281 0.6411 ©.5699 ©.4631 ©0.3332 ©.2787 0.2228  0.2239
YEAR 1 9.7908 0.763B ©0.7283 ©.6127 ©.3760 ©.5333 ©.4851 ©.4184
618 618 614 602 594 583 567 551
YEAR 2 ©.6404 ©0.4609 ©.3306 ©0.1638 ©0.0215 ©0.0209 ©.0253  ©0.0095
653 649 646 637 632 628 618 697
YEAR 3 0.6797 ©0.5376 ©.4i76 ©0.2081 ©.1309 6.0471 0.9288 ©6.0902
698 695 692 687 681 676 667 666
YEAR 4 ©.6354 ©.5368 ©.4746 ©.2307 0.0993 0.0065 0.0757 ©.0587
726 723 721 717 714 710 704 699
FISHZ 0.6804 ©0.0848 ©0.5084 ©0.3022 0.2096 ©.1523 ©0.1508 ©.1399 et
LINEAR REC ©.6343 ©.3769 ©.5237 ©.3948 ©.2971 ©.2235 ©.1265 ©.0716 4>:;
TOT NUM OBS 1HR COR 2693 g.o{:-
W
APRIL %ﬁ*
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18  HR 24
OVERALL 0.6160 ©.5232 ©0.4326 ©.2198 0.1373 0.1255 0.6672  0.1489 -
YEAR ) ©.43209 @.3283 6.2414 ©0.0848 ©.0588 @.1021 0.1501 ©.1546 (
542 538 338 523 516 512 504 494
YEAR 2 0.6265 ©0.5383 ©.4664 ©.2413 ©.1960 ©.0428 ©.0199 0.1560
701 99 696 692 689 636 680 674
YEAR 3 0.5636 0.4338 6.0405 ©.1350 0.0656 ©.0913 ©0.0543 ©.0701
798 705 703 700 697 694 689 682 :
YEAR 4 ©.6683 ©.6426 ©.5059 ©.1801 0.0743 0.01i17 €.0130 ©.0119
360 377 374 368 362 3586 44 332
FISHZ ©.3766 ©0.4846 ©€.3866 ©0.1636 0.6778 ©.0666 ©.49593 o.1073
LINEAR REC ©.3284 ©0.4749 ©.4268 ©.3099 ©.2230 ©.1633 ©0.0861 @.0454 >

TOT NUNM 0BS 1HR COR 2331




SERIAL CORRELATION COEIFICIENTS AND EXFONENTIAL DECAY FUNCTIONS
YPENBURG AEROSOL 1NFRARED ;§¢NSHISSlON 3.4-3.0 MICRONS (%)
{
HR 1 HR 2 HR 3 HR 6 HR 9 MR 12 HR 18 HR 24
OVERALL 0.5904 ©.4573 0.3639 0.2168 0.1383 0.1463 0.1903 0.2069
YEAR 1 9.3009 0.3617 ©.2532 ©.0409 0.0682 ©0.0036 ©.1610 0.1471
221 219 217 211 205 199 187 178
YEAR 2 0.6079 ©6.4086 0.3012 ©0.0954 ©6.1001 ©0.0410 ©.0655 ©.0920
370 867 564 355 548 542 530 518
YEAR 3 9.3973 0.4777 ©.3966 0.2603 0.1513 0.1818 ©0.19158 0.1944
717 713 713 706 763 700 696 92
. YEAR 4 0.4306 ©0.4064 0.2314 0.1063 ©0.0452 ©0.0670 0.0674 ©.0183
. 196 194 192 188 185 182 176 170
’ FISHZ 0.5722 0.4325 0.3291 0.1613 0.1121 0.1008 ©.1330 ©.1363
LINEAR REC ©.4871 ©.4483 ©.4131 0.3226 ©.2320 ©.1968 0.1200 ©.0732
TOT NUM OBS 1HR COR 1704
JUNE
2 HR 1 HR 2 HR 3 HR_6 ER 9 HR 12 HR 18 HR 24
{ OVERALL 0.4677 ©0.3799 ©0.3079 0.1733 0.1245 ©.1521 ©.0813 ©.0784
d YEAR 1 0.4635 ©0.3389 ©.2870 0.0938 ©0.09158 0.1537 0.0313 0.0474
" 710 707 766 703 Tee 697 693 687
" YEAR 2 0.4628 ©0.4514 ©0.3290 0.2643 ©0.0962 0.0549 0.6551 0.0411
N 409 406 401 390 378 367 347 23
YEAR 3 9.4639 0.3832 0.3134 ©0.229¢ 0.1877 ©0.2059 0.1632 ©.1610
. 579 560 552 336 825 519 508 506
: YEAR 4 o.eoog 0.0009 o.eoog 0.0000 o.ooeg 0 oeog 0.0000 ©0.0000
v FISHZ 0.4643 ©0.3819 ©.3060 0.1801 0.1244 ©0.1484 0.60847 0.0843
f - LiNEAR REC ©.%i35 ©.0088 ©.385442 £.2850 2.1982 @,1414 0,8791 @, 0432
[N
;2€f TOT NUM OBE !HR COR 1639
JULY
y HR 1 BR 2 HR 3 HR 6 HR 9 HR 12 HKR 18 HR 24
- OVERALL 0.5806 0.4842 0.4227 0.2829 ©0.1692 ©0.0924 ©.1364 0.1918
YEAR 1 0.3381 ©0.2439 0.1798 0.1580 0.6711 ©.0037 6.0139 0.0770
743 742 741 738 735 732 726 720
YEAR 2 0.6463 0.3748 ©.5477 ©0.3133 0.1694 €.0966 0.1403 0.0964
631 627 623 610 598 586 563 345
YEAR 3 0.7196 0.6762 ©.6133 0.5113 0.4056 ©6.3289 ©0.4193 0.3142
589 575 562 530 512 508 562 508
YEAR 4 0.6405 0 4585 ©0.3726 0.1969 0.0820 0.6042 0.0325 ©.1366
716 714 712 706 700 694 682 670
FISHZ 0.35921 ©0.4890 ©.4252 0.2043 ©6.1681 ©.0933 @.1350 ©.1973
. LINEAR REC ©0.5194 ©.4871 ©0.43568 0.3769 ©.3109 ©.2365 0.1746 ©0.1188
TOT NUM OBS 1HR COR 2679
? AUGUST
L ER 1 gR 2 HR 3 HR 6 HR © HR 12 HR 18 HR 24
- OVERALL 0.35814 ©.4838 0.4169 ©0.2601 ©.1847 0.1447 0.1785 0.1936
. YEAR 1 0.5102 ©0.4261 ©.3815 0.2239 ©.1311 @0.0798 0.1796 o.1401
N 603 602 599 594 sa7 581 570 557
3 YEAR 2 0.35414 0.4924 6.3211 ©0.1416 ©0.1000 ©0.0751 ©0.0780 0.1271
% 507 502 498 488 473 464 453 448
; YEAR 3 0.3414 ©0.3963 ©.3186 ©0.0887 ©0.0476 ©.9333 0.1123 9.301€
3 443 419 398 349 321 307 370 339
X YEAR 4 ©.5957 0.3099 0.4682 6.2396 ©.1613 0.1079 0.6847 ©0.0950
" 737 736 735 732 729 72 720 713
- FISHZ 0.5516 ©0.4438 0.3663 0.1963 0.1220 0.0847 0.1139 ©.1430
-~ LINEAR REC ©.4814 ©.4454 ©0.4120 ©0.3262 ©0.2583 9.2043 ©0.1282 ©.0804
L3
N TOT NUM OBS 1HR COR 2292
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SERIAL CORRELATIOR COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG AEROSOL INFRARED TRANSMISSION 3.4-3.0 MICRONS (%)

. Emamnmey FEB

SEPTEMBER
2 HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18  HR 24
) OVERALL 0.3967 ©.4904 ©6.3961 ©.1783 6.0467 0.6397 ©0.9391 0.1532
" YEAR 1 6.0000 0.0000 ©6.2000 ©0.0600 ©0.0000 ©.0000 ©.0000 ©.0000
‘ o o 0 0 o e e 0
YEAR 2 ©.35377 ©.4853 ©0.3634 0.1093 0.0821 ©.1509 9.0625  ©.1727
636 652 648 639 630 622 610 600
YEAR 3 0.6503 ©0.5053 ©0.4348 ©0.2218 ©0.0333 ©.0536 ©.0213 ©.0834
€37 633 627 618 606 597 579 562
YEAR 4 0.3917 ©0.4693 0.3571 ©.1823 ©0.0037 ©0.0612 ©0.0700 ©.1799
“ 694 691 688 682 677 673 667 661
& FISHZ @.5946 ©0.4865 ©6.3911 ©.i713 ©0.0390 ©.0883 ©0.0524 0.1480
g LINEAR REGC  ©.5275 ©.4867 ©.4490 ©.3526 ©.2769 ©.2175 ©.13841 0.0827
) TOT NUM 0BS IHR COR 1987
i OCTOBER
< HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 OR 24
. OVERALL ©.8630 0.8192 0.7669 ©.7079 0.68923 ©.6632 0.6553 0.6934
) YEAR I 0.7342 ©0.6432 ©.5541 ©.4337 ©.3740 ©0.3260 0.2962 6.2902
498 491 484 465 452 446 442 430
YEAR 2 @.7865 ©.6946 ©.6236 ©.4715 ©.3584 ©.2576 ©.2122  6.2330
» 643 641 639 631 622 613 500 587
YEAR 3 0.7500 ©0.6100 0.4894 ©0.3264 ©0.2333 ©.1604 ©.1543 ©.1773
: 678 676 672 663 653 645 626 616
) YEAR 4 0.5202 ©0.4041 ©.2274 ©6.0599 ©0.0206 ©.0380 0.0426 ©.1766
o 610 596 585 554 528 512 521 534
o FISHZ ©.7113 0.5980 ©.4870 ©.3313 ©0.2504 ©.1966 ©.1733 ©.2136
2 LINEAR REC  ©0.6260 ©.35843 ©0.3446 ©0.4410 6.3571 ©.2891 ©.1896 ©.1243
= TUT NUM 0BS IER COR 2429
) NOVEMBER
% HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 BR 18  BR 24
- OVERALL 0.7036 ©0.6883 ©.3392 ©0.3231 ©.2805 ©.2678 0.2589 ©.3329
.- YEAR | €.6907 ©0.5933 ©.5340 ©0.3712 0 3117 ©.3033 ©.2892 ©0.2471
- 705 703 701 696 693 690 684 678
. YEAR 2 0.7861 ©0.7542 ©0.6951 0.3480 ©.4657 0.4219 0.4361 ©.3966
Tt €41 636 6358 628 618 611 603 898
¥ YEAR 3 @ 6137 ©.4396 ©.3429 ©0.0263 ©.0312 ©.0380 ©.6439  ©.2686
515 512 510 505 499 453 481 469
YEAR 4 6.6468 ©0.3697 ©.4976 €.3242  ©.2H60  ©.2936 ©.2235  ©.2985
. 689 686 683 674 668 662 650 640
) F1SAZ ©.6935 ©0.6080 ©0.5371 ©0.3441 ©0.2929 ©0.2819 0.2644 0.3036
As LINEAR REC ©.6116 ©.5841 ©.3378 ©0.4838 ©0.4230 0.36864 ©.2794 ©.2119
‘l
s@ TOT NUM OBS iHR COR 2636
I§ DECEMBER
Rl BR 1 BR 2 HR 3 HR 6 HR 9 HR 12  HR 18  HR 24
b OVERALL 0.6785 ©0.5534 0.4677 0.2704 ©.1956 ©.1694 0.1272 0.1193
- YEAR 1 ©.7572 0.6427 @.5:30 0.2576 6.12!12 ©.9828 ©.1299 0.2172
N 476 473 469 462 453 448 436 422
. YEAR 2 0.6639 ©0.3100 ©.4218 ©0.2856 ©.2056 0.2272 0.1376 0.1447
", 717 715 712 709 710 708 702 697
b, YEAR 3 9.6126 ©.4563 ©.4667 ©0.2366 ©.1842 #.1474 ©€.1039  0.65553
731 730 730 726 723 720 714 708
” YEAR 4 ©.6395 ©.5587 ©.4339 ©.2373 0.2047 ©.1363 ©0.9786 ©0.02353
X 731 728 726 722 719 717 710 704
B FISHZ 0.6635 ©0.5356 ©0.4544 ©0.25934 ©0.1930 0.1554 6.1103 ©.0992 g
s LIN AR REG ©.6089 ©.3435 ©0.4856 ©0.3448 ©.2451 ©.1742 0.0880 ©.0445 L,
g? Tol NUM OBS 1HR COR 2638 ;}?L
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SERIAL CORRELATION COLFFICIENTS AND FXPONENTIAL DECAY FURCTIONS
YPENBURG EQUIVALENT INFRARED AEROSOL EXTINCTION 3.4-3.6 MICRONS (PER KM

HR 1
OVERALL 0.7201
YEAR 1 0.6349
642
YEAR 2 0.7188
702
YEAR 3 0.6717
728
YEAR 4 0.7133
698
FISHZ 0.6H70
LINEAR REG 0.6206

TOT NUM OBS 1HR COR

HR 1
OVERALL 0.7716
YEAR 1 0.7967
623
YEAR 2 0.7654
573
YEAR 3 0.7807
671
YEAR 4 0.7032
606
FISHZ 0.7643
LINEAR REG 0.7362

TNT NIl ANne v
“v s a

..... ~arer

HR 1
OVERALL 0.7383
YEAR | ¢.8158
618
YEAR 2 @.6306
653
YEAR 3 0.6964
698
YEAR 4 8.6326
726
FI1SHZ 0.6993
LINEAR REG 0.6425

TOT NUM OBS tHR COR

HR 1|
OVERALL 6.5780
YEAR | @e.4197
542
YEAR 2 0.5804
701
YEAR 3 0.5343
708
YEAR ¢4 0.6311
360
FISHZ 9.5411
I.LINEAR REC 0.5014

TOT NUM OBS 1HPR COUR

HR 2

D © o O o
a
q
@
=~}

HR 2

.6811
. 6987
618
. 6732

.6822
667
.6344

e & o & ©O

HR 2
. 6425
.7780
613
. 4524
649
.9598

.3060

723
.5854
. 3834

O & & & ©°

2693

HR 2
.5032
.3310
538
.4981
699
. 42092

6154

377
. 4627
. 4498

2331

e © O O ¢

o2 © & 9 o

o® & & © ©9

O S & S D

HR 3

HR 3
6160
. 6268
613
.6138

.6137
663
.3679

. 6067
.6100

HR 3
L3732
. 7413
614
.3310
646
.4533

. 4400

721
.5050
5297

JANUARY
HR 6 H 9
0.4482 0.4119
0.3849 0.3213
625 619
0.4417 0.4096
693 690
0.3433 0.3203
716 713
6.3039 0.2471
691 607
0.3691 0.3260
0.4492 6.36335
FEBRUARY
HR 6 HR 9
0.4307 0.3240
0.4541 6.3624
603 599
0.4047 Q0 2704
335 o044
0.4474 0.3312
657 652
0.3471 0.2745
396 396
0.4134 0.3117
6.4600 0.34069
MARCH
HR 6 HR 9
9.40351 0.3354
0.6132 0.6€41
602 394
0.1043 0.0219
637 632
0.2283 0.1477
687 681
0.2¢01 0.0145
717 714
0.3099 9.2113
0.3965 0.2968
APRIL
HR 6 AR 9
9, 2275 Q. 1492
€.0%43 €.¢736
523 516
0.2420 0.1099
692 68Y
0. 1445 0.078!
700 €97
9.1812 0.0766
368 362
0.1690 0.0864
6.2913 0.2103
G-11

D © © © ©°

e & & O o0 o © & © o9

2 & © & 6O

HR 12
.3639
.283%4
613
.3258
687
.2851
710
. 2239
683
. 2809
.2974

. 0394

1711
. 2222

HR 12
. 1280
.86963

e & S 9 o9

e & & O o3

29 & & & O

29 © = O O

HR 18
.3038
. 2323
663
. 2220
681
. 2003
704
. 2566
677
. 2273
. 1991

ER 18
. 1432
. 2203
383
1112
531
Al rard
642
.28351
872
. 1543
. 1488

HR 8
L6791
. 15%6
S50%
. 0205
680
. 03247
689
.0170
344
L9562
0791

2 & © S o9

oS & % & o<

oSO O o & &0

HR 24
.2601
. 1919
599
. 1670
676
. 1868
698
. 1878
672
. 1786
. 1333

HR 24
. 1304
. 1268

. 1681
519
.9026
63¢
.2569

. 1348
. 0846

HR 24
. 14406
. 1454
494
. 1546
574
. 0533
682
.0138
332
.0998
.0412
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIORS

YPENBURG EQUIVALENT INFRARED AE:X?OL EXTINCTION 3.4-3.0 MICRONS (PER KM)

HR 1
OVERALL 0.6050
YEAR 1 0.6002
221
YEAR 2 @.6226
576
YEAR 3 0.3630
71?7
YEAR 4 0.4407
196
F1SH7 9.3701
LINEAR REv 0.4967

TOT NUM OBS iHR COR

HR 1
OVERALL 0.4414
YEAR 1 0.4433
710
YEAR 2 6.4260
409
YEAR 3 0.4350
570
YEAR 4 0.0003
T ISHZ 0.4372
I.INEAR REC €.3974

TOT NUM OBS 1HR COR

HR 1
OVERALL 6.5937
YEAR 1 e.3721
743
YEAR 2 0.6197
631
YEAR 3 0.7133
389
YEAR 4 0.6377
716
FISHZ 0.3696
LINEAR REG 9.3203

TOT NUM OBS 1HR COR

HR 1
OVERALL 0.3733
YEAR 1 Vv.492
505
YEAR 2 0.50835
507
YEAR 3 0.08331
+43
YEAR 4 0.5864
237
F \SHZ 0.339%
LIKEAR RYG 09.4676

TOT NUM 0BS 1HR COR

HR 2
. 4792
.4619
219
. 4389
567
. 4379
713
.41280
194
. 4941
. 4533

1704

oS & P O OO

HR 2
.33574
.3199

7?7
.4179

406
.3618

. 90060

0
.3583
.3874

1689

S & © & O

HR 2
. 4884
. 2407
742
.3568
627
. 6699
373
. 4615
714
.4841
. 4839

<679

e & © & &9

hR 2
. 4897
. 4467

602
.3940

. 3929
419
.4966
736
. 4424
. 4361

2292

DS & & & &9

HR 3
. 4836
.33%7?7
217
3137
364
.3641
713
.2464
192
. 3336
4141

SO S & O O

o © & O &9
N
©
-]
e

HR 3
. 4290
. 1920
741
.3307
623
. 6223
362
.3673

. 4247
. 4338

e © & & SO

2 & & O &®
(&
[ &)
=
>

HR 6
0.2347
0.0867

211
0.1114

JUNE

HR 6
9. 1333
0.0907
703
e.2279
0.1931
336
0.0000
o

(4
o

. 1384
. 2337

JULY

.2999
.3696

e S & o9
o
A
]
A

AUGUST

HR 6
L3968
. 2453
394
. 1639
448
. 1736
349
.26906
732
.2241
. 3299

e & B & OO

LR 9
. 1962
. 0466
.
. 1380
348
. 1898
703
. 0363
183
. 1402
. 2400

eSS & 9 O OO

HR 9
. 1199
. 0924
700
. 8887
378

. 1709
523
. 0000
LS ]

. 1174
. 1700

2 © © & S

2 S & © 29
»
-
=]
a

HR 9
.2137
. 1344
387
. 1323

. 1602
321
. 1809
729
. 1546
.2676

2 & S & IS

HR 12
. 1923
.9989

199
.0710

o & & <€ O
[
@
-]
3

®® & © ® SO
:
®
&

c® ® ® 5 =9
'S
a

HR 12
. 1894
. 1265
381
.0908
464
. 1722
107
. 1421
726
. 129
L2171

S © & & OO

HR 18
. 1870
. 1386
187
03571
530
. 1833
€96
. 0400
176
. 1216
. 1059

e & © & €9

®c © & © OO
)
@
=2

HR 18
. 1436
. 0093
726
. 1293
563
. 4641
502
.9351
682
. 1429
. 1627

e & & © O

HR 18
. 1893

o

. 1879
370
.90981
433
. 19469
319
. 0836
720
. 1283
. 1429

P & & & OO

e & © © oo

HR 24
. 1644
L1317
175
. 0832
518
. 1684
692
.04917
170
. 1247
.0614

S & & & o

HR 24
.0614
. 0446

687
. 0043

323
. 1233

. 0000
(4

. 0624
. 9346

e O & O SS9

HR 24
. 1829
.9876

720
.0378

. 4993

. 1360

570
. 1838
. 1079

29 S & @ 9

HR 24
. 2041
. 1643

357
. 1776

. 2932
339
. 0937
713
. 1664
. 0940




SERIAL CORRELATION COFFFICIENTS AND EXPONERTIAL DLECAY FUNCTIOKS
YPENBURG EQUIVALENT INFRARED AEROSOL EXTINCTION 3.4-6.0 MICRONS (PER KM)

SEPTEMBER
HR i HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.5773 ©0.4B15 ©.3981 0.1821 $.0610 ©.0653 0.0821 0. 1464
YEAR 1 ©.0600  ©.0000  ©0.0000  ©.6000 0.0600 ©.0000 ©.0060  ©.0060
]
YEAR 2 0.5149 ©.4922 0.3878 ©.1143 ©6.1047 9.1739 0.1149 ©.1675
656 652 648 639 63@ 622 610 608
YEAR 5 0.6386 9.4994 0.4341 0.2161 ©.6386 ©0.0319 0.6i172 ©.0723
637 633 627 618 606 597 579 562
YEAR 9.3632 ©.4410 0.353¢ 0.1933 ©.019% ©.0648 0.9983 ©.1826
694 691 688 682 677 673 667 661
FISHY, ©.5734 ©.4770 ©.3919 0.1748 0.6338 ©0.096% 6.0787 0.1440
LINEAR REC ©0.5133 ©.4729 0.4334 ©.3400 0.2655 0.2074 ©.1264 ©.0771
TOT NUM 0BS 1HR COR 1987
OCTOBER
HR ) AR 2 HR 3 HR 6 HR 9 BR 12 En 18 HR 24
OVERALL ©.8274 9.75%521 0.6215 ©0.6310 ©0.5591 ©.5284 ©.5043 ©.5388
YEAR 1 0.7415 ©0.6524 0.5604 0.4362 ©.3848 ©.2286 0.2964 0.2981
498 491 484 465 452 446 442 430
YEAR 2 8.7622 0.6778 0.6068 ©.4264 ©0.2851 O0.1E19 0.1602 0.2387
643 641 639 631 622 613 €00 587
YEAR 3 0.7316 ©.5777 @.4712 9.30633 ©0.2363 ©0.1824 €.1714 ©.2220
078 676 672 663 633 645 626 616
YEAR 4 0.5368 ©0.3480 6.2035 €.0339 ©.0397 ©.0553 0.0046 3.0374
611 897 586 5353 529 513 522 333
FISHZ 0.7021 ©.3746 ©.4722 €.3102 ©.2366 ©.1838 0.1332 ©.2031
LINEAR REG ©.6142 ©.35705 0.3360 ©.4248 ©0.3403 0.2729 0.1753 0.1126
1U1 NUM UBS THH COR 2430
; NOVEMBER
g HR 1 HR 2 HR 3 HF. 6 ER 9 HR 12 m 18 HR 24
. OVERALL 0.6890 ©0.60J6 ©.5448 9.3514 0.3176 ©0.3108 ©.3828 ©.3440
s YEAR 1 @.6867 ©.56935 0.5362 9.2750 ©.3133 ©.3227 0.3047 0.2459
i 703 703 701 696 693 690 684 678
K\ YEAR 2 9.7080 ©.7001 0.6540 ©0.4985 ©0.4597 ©0.4103 0.39B7 ©0.3666
L 641 636 635 628 618 611 605 598
X YEAR 3 0.6110 ©0.4314 ©.3567 0.6213 0.0219 06.0346 6.0220 ©.2632
N 515 512 510 595 439 493 481 469
A YEAR 4 0.6574 ©.5810 0.5134 0.3458 ©0.3063 6.3027 ©.2523 0.2934
689 686 683 674 668 662 650 640
-3 F ISHZ 0.6702 ©.59i8 6.33056 @0.3345 ©0.29353 ©.28%56 ©.2619 ©.2930
R LINEAR REC ©.3956 ©.5689 ©.5434 9.4736 ©6.4127 0.36%6 0.2?31 0.207%
! TOT NUM 0BS IHR COR 2556
a4
o DECEMBER
L] BR 1 HR 2 R 3 HR 6 HR 9 DR 12 MR IR HK 24 Ewi
3 OVERALL 0.6586 ©0.5360 0.4422 ©0.2567 0.1972 0.1724 0.1271 0. 1230 e
g YEAR 1 ©.7294 ©0.6233 ©0.48804 0.2327 ©.1162 ©0.1033 0.0979 ©0.1801 W
¥ 476 473 469 462 455 448 426 422 Py
5 YEAR 2 0.6529 ©0.4933 0.4072 0.2727 ©0.2331 ©.2370 0.1499 O.1438 G
» 717 715 712 709 716 768 702 697 o
- YEAR 3 0.5781 ©.4131 ©0.4293 0.2364 ©0.1899 0.17(8 ©.1631 ©.6833 [
5 731 730 730 726 723 720 714 706 Yo
_ YEAR 4 0.6179 6.5362 0.3984 0.2200 0.186% ©.1063 ©.0094 ©.0032 "
< 731 72 726 722 719 717 710 704 '’ _
Y FISHZ 0.6394 ©.5104 ©0.4247 ©.2433 ©.1883 ©0.1601 ©0.1089 ©0.0947 -
v LINEAR REC © 5816 ©€.85197 ©.4644 ©.3313 ©0.2364 0.1687 ©.0839 0.9437 g
g ¢ TOT NUM OBS 1HH COR 2655 ;(i
» ¢ -’“':
‘ e
ﬁi G-13 X
R4) :': -
; _: oy
{ fox
gy m
¢ -
P - .




SERIAL CORPELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCT{OKS
YPENBURG AEROSOL INFRARED TRANSMISSICN 8.06-12.0 MICRONS (%)

JANUARY
HR | ‘HR 2 AR 3 HA © HR 9 oR 12 HR 18 HR 24
OVERALL 0.6826 ©.5612 ©.4778 9.3242 0.2763 ©.2383 ©.2265  0.1858
YEAR 1 0.5791 ©.478% ©.3894 6.3006 0.1837 0.2240 ©.2388 0.1623
64! 638 634 625 61% 613 605 599
YEAR 2 0.67983 @6.065907 ©0.4788 0.3834 0.0393 0.2543 0.2021 0.1263
711 768 709 704 701 699 €93 688
YEAR 3 6.6433 ©0.3031 ©.3780 ©.1493 0.128R ©.1300 0.6072 9.1204
734 T31 728 724 721 718 712 706
YE;R 4 0.6769 ©9.5204 0.4442 ©.1393 0.1227 8.1318 €.2932 0.1639
N 710 768 766 703 7600 697 691 686
n FISHZ 6.6485 ©.5:68 0.4241 ©.2493 0.1953 ©.1891 ©.1603 0.1274
i LINEAR REC ©.5733 0.35242 6.4791 ©.3657 ©.2792 0.2131 ©.1242 0.0724
TOT NUM OBS 1HR COR 2796
FEBRUARY
HR 1} HR 2 HR 3 HR ¢ HR 9 HR 12 HR 18 HR 24
OVERALL 0.7463 0.6519 0.56358 ©.3499 ©0.2327 @.1719 0.1188 0.1029
S YEAR i 9.6800 ©.3809 6.4633 ©.2508 0.1497 @.1357 0.1637 0.0864
S 627 622 620 611 605 600 389 579
Y YEAR 2 0.7776 ©.7039 €.6236 ©.3739 ©.1736 0.9785 $.0773 0.1492
o 603 603 599 593 383 578 364 552
YEAR 3 8.7680 ©0.6622 0.3719 ©.3765 23.2847 ©.1620 ©.0033 @.1090
» 673 671 668 661 656 654 648 €42
YEAR 4 0.6846 ©.53%9 0.4916 6.2766 ©.25i3 ©.2109 ©.2068 0.22e8
, 604 602 600 594 588 582 5760 559
) FISHZ 0.73,3 ©.6307 ©.34160 6.3205 0.2130 6.i476 ©.1104 0.1401
. LINEAR REC ©.08n2 ©0.6183 0.5573 @.4080 ©.2987 0.2187 9.1172 0.0628
"t TOT NUM OBS 1HR COR 2611
HMARCH
) HR 1 HR 2 HR 3 HR 6 HR ¢ HR 12 AR 18 HR 24
; OVERALL 0.7633 0.6338 0.3456 ©.4187 0.2171 @.3861 ©.2692 0.3299
YEAR 1 0.6928 0.6495 0.338% ©0.4424 0.4316 ©0.4063 ©6.3113 ¢.3154
o\ 897 594 592 584 574 865 549 533
) YEAR 2 0.5342 0.3857 0.2181 ©.0203 0.0710 ©.9324 ©.0345 9.¢114
653 649 646 637 632 628 618 607
YEAR 3 0.6646 ©.6490 0.4313 ©0.2092 ©.1060 0.0627 ©.0389 0.1738
700 697 694 689 682 678 669 662
YEAR 4 9.0767 ©.3060 ©.4619 ©.2661 0.0512 @.0133 0.0338 ©.0799
728 726 723 721 718 713 709 704
ot FISHZ 90.6293 ©.5263 ©0.4963 ©.2334 0.1595 0.1221 ©0.10619 0.1400
1 LINEAR REC ©.806334 ©0.5:126 ©0.4664 ©.3514 6.2647 ©.1994 ©.1131 0.0642
;k TOT NUM ¢BS (HR COR 2678
Sg APHIL
! HR 1| HR 2 HR 3 HH 6 HR 9 HR 12 BR 18 R 24
s OVERALL 0.65666 €.68668 6.3T60  €.4233  ¢.2198 ¢.222 e.2182  €.3381
&) YEAR 1 0.05605 ©0.43584 ©.3560 6.1996 9.1363 0.1308 @.1973  6.2402
S 549 336 533 521 514 510 502 492
= YEAR 2 9.6608 ©.527% ©0.4678 ©.2313 0.0826 6.6969 0.0481 0.1380
o 707 7643 701 698 695 692 686 649
hS YEARL 3 9.5454 ©.4106 ©.2846 0.1030 6.0238 0.0326 0.0344 8.0290
ey 708 707 763 702 699 696 691 684
e YEAPR 4 @.7686 ©.7189 0.6612 ©0.4843 0.4423 0.4373 ©.3089 €.3058
A 371 367 364 389 352 346 334 322
A\ FISHZ €.6252 ©0.51504 ©0.4265 0.2293 €.14! 0.1472 6.18343 0.1876
" LINEAR REC ©.8463 @.0692 ©.4743 6.5839 0.3183 0.23]2 ©.16:4 0.1076

»r

2 . s

TOT RUM OBS 1HH COR 2326
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SERIAL CORRELATION COEFFICIENTS ARD EXPONERTIAL DECAY FUNCTIONS

YPENBURGC AEROSOL [RFRARED TgﬁgSHISSION 8.0-12.6 MICRONS (X)

HR 1
QOVERALL 0.08324
YEAR 1 0.3260
219
YEAR 2 8.5160
374
YEAR 3 0.5298
722
YEAR 4 0.3679
196
FIiSHZ 9,5222
LINEAR RFG 0.4473

TOT UM OBS 1HR COR

HR i
OVERALL 0.4737
YEAR 1 0.4258
708
YEAR 2 0.5172
411
YEAR 3 ©.3960
4?9
YEAR 4 0.0003
FISBZ @.439%:
LIREAR REG 6.49i8

TOT NUM 0BS 1HR COR

HR 1
OVERALL 9.58908
YEAR 1 0.3971
743
YFAR 2 0.5646
631
YEAR 3 ®.6667
889
YEAL 4 0.6406
71¢
FISHZ 0.36%%5
LINEAR REG 0.3036

TOT NUHM 0BS 1HR COR

iR 1

OVERALL 0.35624
YEAR 1} 0.35371
608
YEAR 2 0.535%4
Bt
YEAR 3 $.0021
44
YEAR 4 0.6144
741
FISHZ 0.3616
LINEAR RESG 0.4687

TOT RUM OBS 1HR COR

HR 2

D & ® O D
&
&
-
-

BER 2
. 4346
. 3784
708

. 4769
108
.34C0
550

. 000¢
0

.3919

737 o 1y
+J6 10

1689

O & P 2 OO

HR 2
. 49449
.2987
742
. 4984
627
.3866
L7h
. 8299
714
. 4769
. 4697

2679

eSS O & & O

Wt 2
. 4396
. 1336
606
. 344)
Jouh
L3700
419
. 3679
749
YR
. 4439

2303

T & & & &9

HER 3

S & & & O

Qe & & O OO

.35G43
.3234
T 218
2941

368
<3491

718
.3174

192
. 3079
. 3946

HR 3

eSO & O & &9

e D & © &9

. 4973
. 1993
741
4191
623
.83066

. 9278

712
.3838
.4381

BRU 3

L3736
3692

603
. 2919

L3210
394
4129
739
.3887
L4197

BR 6
0.1342
©.1185

. 1740
L3554

e & O o On
N
*
*
>

AUGUST

HR 6

L2178
.2530
598
. 1204
491
L0176
349
. 2479
736
. 18959
.3530

eSS & & & O8

ER 9

e & & O oC

.0723
.8734

263

. 0609

8634

. 0089

789

.9%13

189

.9390
. 2768

HR 9

HS & S & o9

. 1377
. 8604

698

.O161

379

. 1024

n2s

. 00900
o
.0638

~
s AT

HR 9

S S B ¢ OO

T & & @

.0972
.04C2

730

. 0363

598

. 1864

512

. 0407

709

. 9649
. 28684

IR ¢
. 0964
1112

091

. 0372

479

. 9390

a2

1364

T35

N BN
.3013

HP 12
0.6720

0.

e ¢ © & S$©

*®  © D O

1233

HR 12
L0943
. 69649

8O3

.0410

468

.0137

307

L lae

T30

. 0863
. 23383

HR 18
0. 1404
6.2171

183
6.013%

HR 18
.0762
.90319

691
.0313

348
. 1856

. 0000
(]
. 00606

TN
AV O

HS ®© > & SO

e & & & SO
N
[
=)
Aa

o) 18
. 1227
L1374
078
. @136
437
.0961
319
1216
T24
. 1043
. 1833

[—X- 2K -NEE - - X

®® © © & ©O

O & & ®

Hn 24

.2058
. 10898
361
. 1941
432
.385%4
39
10818
718
L2987
. 1816
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SERIAL CORRELATION COEFFICIENTS ARD EXPONERTIAL DECAY FUNCTIONS
YPEKBURG AEKROS0L INFRARED TRARSMISSION £.0-12.9% MICRONS (R)

SEPTEMBER
HR 1 HR 2 HR 2 R 6 HR 9 HR 12 ER 18 HR 24
OVERALL 6.6068 6.3121 6.4129 0.133%4 9.06063 -0.0239 8.0691 6.25635
YEAR | 0.0008 9.000% 0.0908 0,0093 9.0003 0.0003 0.0003 9.080480
¢ o
YEAR 2 0.6249 0.537¢% 0.4337 6.0927 6.0441 0.0771 0.90:13 0.2830
633 649 643 636 627 619 686 596
YEAR 8 e.8761 b. 4980 0.4208 0.1360 09.02i1 0.1074 9.9131 @. 1706
637 633 627 618 606 897 879 062
YEAR ¢4 ©.3949 9.4766 @.3573 8.1601 ¢.0286 ©.0166 9.1986 6.2609
694 691 688 582 677 672 666 660
FISHZ @.0594d8 ®.5031 ®.4033 0.1369 2.0316 0. 6632 0.90436 0.2408
LiNEAR REC @.5242 ©.8e17 €.4801 9.4207 0.36087 0.3231 9.2481 0.199%
TOT NUM OBS 1HR COR 1984
OCTOBER
HR 1 HIW 2 HR 3 HR 6 HR 9 HR 12 HR 186 HR 24
OVERALL ?.7304 ¢. 6310 0.35439 0.3704 0.3666 6.2730 6.2004 0.3238
YEAR 1 @.704v 0.6647 9.4634 9.2531 ©.1939 8.2194 8.1867 @.3049
304 497 491 473 469 433 448 438
YEAR 2 8.7894 0.7092 9.616]) 0.4391 9.3400 0.2837 0.2361 6.31148
6381 650 649 636 626 620 610 396
YEAR 3 0.€546 9.8362 0.454! 0.2316 0.2183 @. 1440 0.1122 6.2208
681 679 677 666 6067 649 636 62e
YEAR 4 ¢.6873 9.6166 9.5328 ©.4281 0.36483 ¢.3680 6.3226 9.3634
¢l1 897 580 L 1) 829 313 82 538
FISHL 6.7133 0.6116 0.3223 6.134906 0.2827 9.2414 8.2181 0.2829
LINEAR REC @.6242 0.39: ©.8610@ 0.478) 0.4674 0.3471 0.2521 0.1830
TUT NUN £Ig 1in ¢en 2447
ROVEKBER
HR 1 HR 2 BH 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL V.7148 0.6296 0.8470 0.3699 ©.3346 ¢.322% 6.3067 8.4183
YFAR 1 0.6292 9.8267 9.4009 8.2397 9.1872 9.1454 e.1911 0.1636
71@ 7en 706 701 698 698 689 6
YEAR 2 0.7864 0.7117 0.6731 6.3%333 0.4929 9.4839 0.4383 9.3734
661 687 654 647 641 63¢ 629 624
YEAR 3 0.6746 0.006h1 @.4438 0.20160 $.1790 9.18481 9.1899 @.4193
823 026 o18 513 887 gox 40869 477
YEAR 4 0.58066 0.5299 0.4327 0.2861 6.2402 ©.2600 0.1427 ©.2304
639 6086 683 674 666 662 640 646
FISAZ 0.6783 0.5878 e.01i0 8.3188 9.2846 0.2714 0.2402 0.2888
LINEAR REG 9.8927 6.56%0@ 0.53386 0.4657 0.4043 9.33%63 6.2630¢ 0.197?4

TOT NUM OBS 1HR CGR 2003

DECEMEER
HR 1 HR 2 HR 3 HR 6 HR 9 ER 12 ER 18 HR 24
OVERALL ®.6988 06.65692 6.478 6.2065 Q. 20086 é.1699 2.1856 ©. 1343
YEAR 1 0.7?81 8.5299 @.8033 0.2674 0.1362 0.90982 9.2283 6.2228
492 496 4806 441 473 460 486 %44
YEAKR 2 @.06664 0.4904 ©.4066 6.2530 0.1:18061 9.0939 9.0623 0.0377
716 714 Ti2 708 769 7e8 T 697
YEAR 3 0.6616 0.047¢ 0.8226 0.3671 6.3333 0.2416 9.1899 ¢. 1842
738 734 730 730 727 724 T8 712
@.05490 0.4224 0.2124 6.1378 0.1896 0.¢898 0.,0223
736 T3s 732 T29 726 720 714
8.3500 ©.4624 0.2772 @.2028 f.ib840 0.1340 0.1095
LINEAR REG ¢.6207 ®.56108 0.0v44¢ ¢.3631 0.2643 @.1913 @.1002 0.0323

|
|
|
)
J
|
{
!
'
4
L]
L

! YEAR < @8.6781

T30

FISHZ 0.6916
4
1
\
E
i

TOT NUM OBS 18R COR 2681
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SERIAL CORRELATION COEFFICIENTS AND EXPGKENTIAL DECAY FUNCTIONS ﬁ
YFENBUKG EQUIVALENT TNFRARED AEROSOL EXTINCTION 8.€-12.6 MICROKS (PER K
JANUARY gg%
BR 1 AR 2 B% 3. HR 6 BR 9 HR 12 PR 18 HR 24 {\.
OVERALL 9.6730 0.3333 ©6.4660 ©.3142 0.2831 9.2843 0.2187 9.1913 ;*}
YEAR | 0.5929 6.47680 ©0.38!1 0.2830 ©.1968 0.2206 0.2361 0.1721 )
641 638 634 625 519 613 660 899 P
YEAR 2 9.6633 0.5439 0.4514 ©¢.3660 0.3368 0.2288 0.1638 0.0968 R
71t 708 99 764 761 699 693 688 kﬂ
YEAR 3 0.6263 9.4966 @.3895 ©.1682 6.1522 €.1387 0.0109 0.1873

734 731 728 724 721 18 712 766 iR
YEAR 4 6.6782 @.G285 ©.4336 0.146)1 9.1288 0.1496 ©.2672 6.1120 ﬂﬁﬁ
718 709 766 703 700 697 691 636 KXY
FISHZ 0.6436 0.5123 ©.4i36 0.2419 ©0.2084 ©.1853 0.1818 0.13136 L

LINFAR REC ©.35666 ©.0184 ©.4743 ©.3632 6.2781 ©.2130 0.1249 @ :

3 "Z*._ *

$

-~

[&]

*]

e
‘l

o’

TOT NUM OBS 1ER COR 2796

FEBRUARY
BR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 BR 24 %E;
OVERALL 9. 7245 9.62%9 6.35434 @.339? 6.2848 0.1766 ©.1433 6.1209
YEAR 1 0.6740 0.08857 ®.4729 0.2346 0.1681 0.1327 @.10860 ©.0848
027 622 620 611 600 €00 589 579
YEAR 2 ¢.7638 9.6963 0.6237 0.46492 0.2347 @.1374 @.1312 0.1609
663 663 899 593 833 578 564 52
YEAR 3 9.7130 9.3871 ¢.4888 @.2822 Q.2287 0.1089 0.6263 0.6783
673 671 668 661 638 6349 648 642
YEAR 4 6.6928 0.3673 0.5084 0.3168 0.3078 2.2347 0.20624 0.2427 ,
604 602 6900 594 688 302 8570 849 L (%
FISAZ ©.7136 $.6112 0.08234 6.3143 6.2340 6.1671 6.1392 @.13906 g\
LINEAH REGC  6.6639 v.60017 0.54953 v.9009 0. 3022 0.2200 b. 1297 ©.96051 ;\;

;:v

:

TOT NUX OBS IHR COR 2611

HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.6940 9.6102 ©.5111 0.8726 ©.2974 9.2764 ©.2i03 0.2678 t;ﬁ
YEAR 1 0.6851 9.6167 @.3286 6.3933 ©.3939 @.3856 0.28i2 9.2866 5
597 594 592 584 574 565 549 333 5
YEAR 2 6.5394 0.3699 ©.2179 9.0317 9.0637 ©.0863 0.0387 ©.0213 NG
653 649 646 637 632 628 618 607
YEAR 3 0.6735 6.5325 ©.4208 ©0.2:20 ©.1631 9.1336 0.040568 ©0.1089
700 697 694 689 683 678 669 662
YEAR 4 0.5902 ©.0802 @.3986 ©.2423 ©0.0706 0.0047 0.0779 6.04):
728 725 723 72 718 715 709 784 =7
F 1SHZ ©0.6269 0.5188 ©.3944 6.2209 ©.1684 0.1268 0.1044 0.1079 o
LINEAR REC ©.3668 0.6679 2.4551 ©.3274 ©.2353 ©.1695 ©0.9#877 ©.0434 T
l'_‘,.
TOT NUK OBS IHR COR 2578 §'.J_‘
APRIL i
HK L Hik 2 BR 3 ER 6 HR 9 Hi 12 HR 15 ER 2 S
OVERALL 0.6661 0.58516 ©.3804 0.3152 ©.2492 0.2474 0.2171 6.20682 Ve
YEAR 1 0.5805 ©.4606 ©.3668 ©.2234 ©0.1477 0.1607 0.19856 ©.2873 (p
540 536 543 821 5i4 5:9 802 492 a5
YEAR 2 9.6576 ©.8118 ©.4366 ©0.2323 ©0.1066 0.1164 ©.0526 ©0.1626 S
797 794 70 690 698 692 666 686 }‘
YEAR 3 0.3493 e.4141 ©.3037 0.1631 0.e992 @.1972 6.0135  0.0489 o
708 707 763 702 699 696 69 1 684
YEAR 4 @.7942 09,7431 ©.7036 6.3476 6.3248 0.5204 0.5%i9 0.30513
371 367 364 359 352 346 334 322 L
F 1802 0.6376 0.0183 ©0.34412 6.2662 0.1813  0.1987 ©.1576  0.2208 W
LINLAR REG  ©.5493  0.5164 ©.4834 0.4030 0.3346 0.2?78 ©.19i3 ©.1320 Y
'y

TOT NUM OBS 1R COR 2826

s

G-17

¥
:

i??fd/

-



SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUECTIONS
YPENBURG EQUIVALENT INFRARED AEROSOL EXTINCTICN 8.0-12.6 MICRORS (PER KM

MAY
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18  HR 24
OVERALL 0.5623 2.4300 ©.3537 0.1630 ©.9633 0.0428 0.1440  ©.1821
YEAR 1 6.35881 0.4873 ©.3763 @.1304 ©.0362 ©.1507 6.2250 0.1814
219 217 215 209 203 197 185 174
YEAR 2 0.5308 ©.3526 ©.2726 6.0486 ©.0:53 ©0.0639 6.0389 0.1965
574 571 568 36¢ 554 548 536 524
YEAR 3 9.4963 ©.3773 ©.3312 0.1319 6.0317 0.9481 0.0726 0.6739
722 720 718 712 709 706 762 696
YEAR 4 6.4595 0.4152 ©0.2701 0.1417 0.¢363 0.0119 0.0967 0.0190
196 194 192 188 185 182 176 170
FISHZ 6.5164 0.3862 @.3108 ©0.1674 0.€193 0.6623 ©0.0878 ©.1215
LINEAR REG  0.4467 6.4118 ©.3797 0.2976 0.2333 ©.1620 9.1123 0.0696
TOT NUM OBS 1HR COR 1711
JUNE
HR § HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 1R 24
OVERALL 9.5103 0.4394 ©.3679 0.1832 ©.1138 9.1223 0.0814  0.2007
AR 1 0.4660 0.3911 ©.3213 0.6339 ©.0048 ©.6312 0.0286 ©.1533
708 705 704 701 693 695 691 683
YEAR 2 0.5013 0.4642 ©.3513 0.1826 ©0.0285 ©.6153 ©.0603 0.0312
411 408 403 301 579 368 348 324
YEAR 9 ©.4517 0.3359 ©.2673 0.1611 ©.0872 ©.0679 ©.1016 ©.1476
570 560 552 536 523 519 508 £06
YEAR 4 4.6000  ©0.0000  ©0.0660  0.0000  ©.000¢ 0.0000  6.0000  ©.0000
o e
FISHZ 6.4709 ©.3913  6.3111 0.1204 ©.037¢ 0.0484 0.8393  0.1296
LINEAR REC @.4176 €.3883 ©0.3614 6.2009 ©.2342 ©.1883 0.1222 0.0792
TOT KUM 0BS 1HR COR 1659
JULY
HR 1 HR 2 HR 3 LR 6 HR 9 HR 12 HR 18  HR 2
OVERALL 8.6079 0.5612 €.4241 6.2463 ©0.1200 @.9494 0.1276 ©0.2i90
YEAR 1 8.4478 9.3080 ©.2419 6.6803 @.¢439 ©.0935 ©0.0393  ©.0892
743 742 74 1 738 235 732 725 720
YEAR 2 0.5508 ©.4825 ©.4302 6.2213 ©.0749 0.0412 0.0311 0.0677
631 627 623 610 396 586 563 543
YEAR 3 0.6657 ©.3866 ©.4917 0.28Ai ©.2652 ©.1764 0.2274  ©.2639
58y 873 862 s3e 512 308 502 308
YEAR 4 €.6672 ©.5293 ©0.4137 ©.1983 ©.0352 ©0.0349 0.0867 ©0.2392
716 714 712 706 760 694 682 670
FISHZ ©.5890 ©.4702 ©.3896 ©.1938 ©0.9940 ©.0881 0.0894 0.1631
LIFEAR REG  9.5147 6.4769 0.4419 ©.335i6 ©.2798 0.2226 0.1499  ©.0892
TOT NUM 0BS 1HR COR 2679
AUGUS?
BR 1 HR 2 R 3 HR 6 KR 9 HR 12 HR 18  HR 24
QVERALL @.5277 0.4483 ©.3719 6.212¢ €.0962 €.e223  @.1322  €.2316
YEAR 1 6.5787 0.46H9 @.4081 0.2578 ©.1123 6.0962 ©.1758  ©.2266
668 606 603 598 531 585 573 561
YEAR 2 0.3033 0.3192 ©.2711 @.12053 ©.0217 0.0180 0.0692 7.i019
511 506 502 491 479 468 457 452
YEAR 3 0.3821 ©0.394]1 ©.2935 ©0.0346 ©.0293 0.0621 0.1018 ©.3751
443 419 390 349 321 307 319 339
YEAR 4 8.632¢  ©0.4793  ©.3839  0.2268 ©.1260 ©.1239 .0394  ©0.1830
741 740 739 736 733 30 724 718
F ISHZ 6.5673 0.4273 @.3511 ©.1847 ©0.0844 ©.0B33 ©.1135  ©0.227€ .
LISEAR REC  0.4597 9.4474 0.4261 ©.3082 ©.3182 0.2749 @.2052  ©.1532 Y
"
TOT NUM OBS 1HR COR 2363 o™
)
V'-‘."
G-18 L
- &R_ 4
%

v

eSS
%l- “ " (‘

[y

|



SERIAL CORREI.ATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG EQUIVALENT JIKFRARED AEROSOL EXTINCTION 8.0-12.6 MICRONS (PER KM)

SEPTEMBER
HR 1| HR 2 IR 3 BR 6 ER 9 HR 12 HR 18 HR 24
OVERALL 0.578i 0.4734 ©.48790 0.2730 ©.0395 0.0217 0.6847 0.2189
YEAR | 0.5781 0.4734 €.3876 ©.1736 ©.0395 0.0217 ©.0847 ©.2189
1984 1973 196¢ 1936 19 1% 1888 1851 1818
YEAR 2 8.5770 0.4921 0.38971 0.1i76 ©.02352 0.0296 ©0.9141 @.1821
653 649 6453 636 627 619 666 856
YEAR 3 0.5581 ©.460 0.3893 0.1472 ©.0239 @.6792 0.01%5 0.1741
637 633 627 618 €06 597 579 562
YEAR 4 9.560% 0.4256 ©.3213 0.1750 ©.0201 0.0064 0.1180 0.2214
694 691 688 6a2 677 672 666 660
FI1SKZ 9.5717 6.4673 0.3778 ©.1602 0.0313 0.6294 0.0584 6.2063
LINEAR REGC @.4968 ©0.4720 ©.4485 0.3847 ©.3300 0.2831 ©.2084 ©.1533
TOT NUM OBS 1HR COH 35968
OCTOBER
! AR 1 ER 2 HR 3 H 6 HR 9 HR 12 FR 13 HR 24
a OVERALL 6.7071 ©8.6125 ©.5234 9.3554 ©.3945 0.27?70 0.2515 0.3307
zﬁ YEAR 1 9.6831 ©€.3512 6.4385 0.2543 ©0.2198 ©.2534 6.1928 0.2120
. 504 497 491 473 460 453 448 438
o YEAR 2 9.7341 0.6719 0.5658 0.4695 ©.2721 0.2141 9.2224 0.2927
ey 631 650 649 636 626 626 610 596
Pt YEAR 3 0.6341 ©0.4883 ©.3969 0.1843 0.1736 0.0989 ©.0880 0.2077
) 681 679 677 666 657 649 630 620 |
YEAR 4 ©.6786 ©.6119 ©.5333 0.4204 ©.3469 0.3539 9.3152 ©.3088
611 597 566 555 529 513 522 535
F ISHZ 6.6837 ©0.35854 0.4913 0.3199 0.2516 0.2232 9.2014 ©.2769
(; LINEAR REG ©.3942 0.3638 0.3330 ©.437¢ ©.3904 0.3335 0.2434 0.1776
AT TOT NUM OBS 1HR COR 2447
- .p.'
Lor’
NOVEMBER
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 R 24
OVERALL 0.6705 0.5790 0.35043 ©.3294 ©.3083 @.3061 0.2782 0.3293
Fﬂ YEAR 1 8.6309 8.5220 ©0.4585 0.2396 ©.2070 9.1705 ©0.2087 0.1660
3 710 708 706 701 698 095 689 683
?ﬁ YEAE 2 0.6889 0.6183 ©.5796 0.43B8 @©.4441 0.4341 0.3971 0.3518
¢ 661 657 654 647 641 639 629 624
i YEAR 3 9.06529 0.56027 ©.4660 0.1838 0.1637 0.1705 0.1585  9.3215
’ 523 52¢ 518 513 507 502 489 477
YEAR 4 0.6061 0.35529 6.4547 0.2755 ©0.2627 0.2793 0.1751 0.2614
689 686 683 674 668 662 656 649
FISHZ 0.644h 6.5325 0.4793 0.2072 @.2774 ©0.2706 0.2408 0.2711
LINEAR REG ©.5618 0.3358 6.3119 0.4434 @.3847 0.3537 0.2512 0.1891]
TOT NUM OBS 1HR COR 2583
DECEMBER
HR 1 HE 2 R 3 HR © HR 9 HR 12 HR 18 HR 24 Loy
OVERALL @.6799  ¢.5342 ©0.4374 0.20883 0.2242 0.1033 ©.1738  0.1421 A
YEAR 1 @.7638 ©0.6016 ©.4753 0.2480 0.1284 0.1132 0.2325 0.2198 r4%
492 490 486 481 475 468 456 444 [
YEAR 2 €.6461 0.4693 ©.4013 0.2473 0.1513  0.1002 9.6332 0.9215 A
716 714 712 708 709 708 701 697 bi\
YEAR 3 #.65355 0.335i ©.3279 0.3899 0.4027 6.3170 0.2615  0.2394 xﬁQ
735 734 733 730 727 724 716 712
YEAL 4 0.64357 ©.3220 ©.3982 9.2228 ©.1631 0.1631 ©.1240 6.0586
738 736 735 732 729 726 720 714
F1SHZ 0.6730 0.35275  ©.4307 ©.2816 ©.2239 @.1814 0.1632  0.1262 ﬁﬁF
LINEAR REG ©.5974¢ 0.5448 ©.4969 0.3770 6.2850 0.2170 9.1249 0.0719 yéj
[ FJ
TOT NUM OBS 1HR COR 2681 Y
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OVERALL
YEAR

YEAR
YEAR
YEAR
FISHZ

LINEAR REG
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SERIAL CORRELATION COEFFICIENTS AND EXPONENT!AL DECAY FUNCTIONS

0
9
o
0.
L)
[
o

o
as1?
708

.8948

521

.819¢
.8223

TOT NUM OBS 1HR COR

OVERALL
YEAR

YEAR
YEAR
YEAR
FISHZ

T rTeviav on
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1

2
3
4

DS & D SO

TOT NUM OBS 1HR COR

HR 1

@
(4
9
0.
(]
0
0

9962
. 8854

374

. 9349
- 599

8824
699

.8901

c84

.901:
.9633

TOT NUM 0UBS 1HR COR

OVERALL

YEAR
YEAR
YLAR
YEAR
FISHZ

LINKEAR REG

1

N

[ ]

0
o
o
9.
0
(3}
@

IR 1
.8832
.9061

540
8328
695
8221
670

. 8842

684

.8631
.B312

TOT NUM OBS 1HR CCR

HR 2
8.7879
0.6613

659
e.2000
o

6.7923
702
0.8481
319
0.7724
9.77060

1892

P S £ S &9
o]
[V
A

HR 2
. 8589
.B2?1

. 8878
390
.8310

. 8484

Ldi))
.8%16
.831¢

2336

SO O & 9 S

HR 3

SO © & & ¢O

.7209
.6183

632

.8090

2

.7332

699

.8133

317

.733¢
.7211

HR 3

S © O O & LS O & O O

SS © O D O®

.8223
.7647

612

. 8483
.7633

633

.8684

338

.8144

DNy
A am

JANUARY
HR 6 BR 9
6.5910 @.4737
0.4843 6.3161

637 629
©.0000 ©.0900
0 0
0.5778 0.4787
$90 681
$.7003 0.6273
311 565
©.5862 0.4730
0.3922 0.4863
FEBRUARY
ER 6 HR 9
0.6983 3.5917
0.6008 @.4939
601 598
0.7338 0.35986
573 561
0.6047 0.4747
646 637
6.78350 0.7169
541 533
0.6848 0.8733
2.¢820  o.%7%¢
MARCH
HR 6 HR 9
6.6806 ©.5858
0.6393 0.5144
361 354
0.7087 9.6069
366 354
9.6312 6.5342
682 674
0.6764 6.6011
669 669
0.6662 9.57008
0.67¢8 9.36192
APRIL
HE 6 HR o
2.6672 0.5728
0.6743 ©.3632
333 524
0.3%690 Q.4440
680 €73
0.5196 2.4%33
6353 5496
0.7144 9.633%
669 661
©.6232 0.3218
@.6492 9,.5396
G-20

YPERBURC 16M WIND SPEED (M/SEC)
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. 0009
(2]
.4184
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.3994
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.5224
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3141
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.53826

. 4308
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HR 18
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HR 18
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.33p4
. 1793
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.2013
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.3165
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HR 24
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e.
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16066
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SERIAL CORRELATION COLFFICI{ENTS AND EXPONENTIAL DECAY FUNCTION®
YPENBURG 16M nggYSPEED (M/SEC)

HH 1
OVERALL 6.65690
YEAR 1 @.8%04
516
YEAR 2 6.8134
537
YEAR 3 0.8577
706
YEAR 4 0.8382
762
FISHZ 0.8473
LINEAR REG 0.8013

TOT NUM 0BS 1HR CIR

HR 1
OVERALL 6.8633%
YEAR 1 6.7973
581
YEAR 2 0.8541
472
YEAR 3 0.7500
373
YEAR 4 0.0008
FISHZ 6.8011
LINEAR REG 0.7296

TOT NUM 0BS 1HR COR

HR 1
OVERALL 0.8963
YEAR 1 0.A396
647
YEAR 2 9.8677
636
YEAR & 0.8632
716
YEAR 4 0.8699
566
FISHZ 9.8603
LINEAR REG 0.68427

TOT NUM 0BS 1HR COR

HR 1
OVERALL @.8649
YEAR 1 0.8614
671
YEAR 2 6.8366
543
YEAR I $.8183
632
YEAR 4 0.48957
707
FiSHZ 0.84579
LINEAR REG 0.8492

TOT NUM ¢3S 1ER COR

S @ O O®
*
=]
4
®

862
. 79969
.7835

e & & o o9
N
-3
®
®

HR 2
.8142
.7884
667
. 8088

L7332
628
. 8348
704
. 8079
. 8054

2553

eSS & T O €O

MR 3
. 7844
. 6963

S® & O & o9
~
N
>
<]

S & O o O9
)
[ &)
@
>

HR 3
.7634
L7373
60%
.7581

. 6839
52
.8210
701
L7373
. 7639

eSS © & & ©9

HR 6
. 6262
. 5055
490
. 4694
313
. 3839
691
. 6671
684
.5764
.6187

S & © O o

T¢ S & 9 O
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e
L

O & & & &9

eSO O & & O

HR 12
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SERIAL CORRELAT!ON COEFFICIENTS AND EXPONENTiAL DECAY FUNCTIONS
YPENBURG 10M WIND SPEED (M/SEC)

SEPTEMBER
HR 1 HR 2 AR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVEPALL 0.8948 0.8406 6.7926 0.6587 0.3775 0.5201 0.4324 @.49003
YEAR 1 0.8304 0.7493 9.6734 9.4304 0.2468 0.16068 9.0892 0.1578
268 263 263 236 239 243 231 219
YEAR 2 e.8937 9.8418 0.7807 0.6127 ©.5379 0.4584 9.3805 0.4162
651 647 643 631 620 6! 601 592
YEAR 3 ©.8764 0.8146 0.7793 9.6436 0.3367 0.4509 9.3432 0.2176
694 691 688 680 674 668 662 656
YEAR ¢.9113 0.8734 ©.8284 0.7403 9.6771 0.6508 0.3897 0.5530
689 686 683 0?74 666 660 653 647
FISHZ 0.8909 8.8360 6.7839 0.64080 0.35630 0.5045 9.4123 0.3799
LINEAR REGC 6.83%46 6.8193 0.7834 0.6920 0.6090 0.5371 0.4169 ©.3236
TOT NUM OBS 1HR COR 2362
OCTOBER
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.8978 6.8618 9.8271 @.7397 0.6513 0.5794 0.4663 0.3777
YEAR 1 0.8374 0.7806 0.7176 @.6220 9.4957 0.3821 0.1721 0.0730
408 408 403 397 391 383 a7s 363
YEAR 2 0.8743 0.8249 0.7912 0.6918 0.3798 0.5138 0.3348 9.1986
6906 687 684 675 669 666 660 6354
YEAR 3 2.8303 0.8102 0.73584 6.35997 0.4893 0.3333 0.2227 9.1834
709 700 701 693 686 681 674 668
YEAR 4 0.9085 6.8810 @.8492 90.7749 0.6884 0.6278 0.3339 0.4214
719 716 713 704 699 696 690 684
FISHZ 0.8768 0.8333 6.7913 0.6831 0.3783 0.4895 9.3490 0.2439
LINEAR REG 0.883@ 0.8363 0.7924 0.6737 0.3727 ¢.4869 0.33519 0.23544
TOT NUM OBS 1HR COR 2526
NOVEMBER
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.901%6 6.8614 0.82i4 9.7263 0.6383 0.3766 0.4762 9.4342
YEAR 1 0.8667 €.8231 0.7829 ¢.7023 0.6i50 0.5118 0.37860 0.3317
513 506 499 478 461 449 4390 425
YEAR 2 9.8839 0.8411 9.7946 0.723%4 0.6666 0.6330 0.3387 0.356860
681 627 673 661 652 646 640 634
YEAR 3 6.9129 9.8348 9.7989 0.629% 0.4822 0.3737 9.1709 0.0300
€92 689 686 677 669 667 661 634
YEAKR 4 6.8971 0.8634 0.8290 0.7383 0.6589 9.6246 0.5769 0.53589
664 €60 656 644 634 623 613 603
FISHZ 6.8929 6.8476 0.8030 0.7004 0.6089 0.5431 6.4349 0.3963
LINEAR REG e.8717 9.8360 0.8033 0.7133 9.6336 0.35646 0.4434 0.3513
TOT NUM 01$ 1HR COR 2359
DECEMBER
; HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 16 KR 24
OVEHRALL, 1.9098 9.85640 0.8142 0.6866 9.5797 6.49688 ©6.3578 6.36G5
YEAR |} 4.9379 0.9111 0.8793 0.8054 Q.7437 0.6910 0.5881 2.5414
563 569 356 547 339 536 829 517
YEAR 2 0.8813 0.8386 0.7%01 9.7212 9.6663 0.6366 0.3674 0.5893
662 638 634 642 633 627 621 613
YEAR 8 0.9044 9.8339% 9.7737 9.6307 9.4956 9.4041 0.1880 0.1442
706% 702 639 696 681 672 665 539
YEAR 4 0.8683 9.8273 ¢.7378 8.3721 6.4200 0.3176 6.2182 0.1783
706 702 699 690 683 677 667 661
FISHZ 9.899%5 0.83537 9.8V010 2.6851 ©.35862 0.3171 0.3932 0.3671
LINEAR REGC 6.8781 9.8401 9.8637 0.7038 @.6163 0.5396 0.4138 6.3173

TOT NUM OBS 1HR COR 2636




SERIAL CORRELATION COEFFICIERTS AND EXPONENTIAL DECAY FUNCTIONS

YPERBURG 2M WIND SPEED (M/SEC)

JANUARY
ER 1 HR 2 HR 3 HR 6 HR 9 BR 12
OVERALL 0.7864 ©0.7439 ©.6960 0.5749 ©.4739 ©0.4104
YEAR 1 ©.7233 ©0.6811 © 6193 ©0.4678 ©.3711 @.3527
743 742 741 738 733 732
YEAR 2 0.7182 ©.69¢8 ©.6351 ©0.3251 ©.4582 6.4167
716 718 714 711 708 705
YEAR 3 0.9439 ©.8706 ©.7961 ©0.6190 ©.3299  ©.4639
703 709 626 687 681 675
YEAR 4 0.9675 ©.9269 0.8837 ©.7574 ©0.6372 ©.35563
731 730 729 726 723 721
FISHZ 0.8870 ©.8215 0.73563 ©0.6047 9.3831 ©.4397
LINEAR REC ©.8527 ©0.8073 0.7643 ©0.6486 ©.3504 0.4671
TOT NUM OBS 1HR COR 2893
FEBRUARY
BR 1 HR 2 HR 3 HR 6 iR ¢ BR 12
OVERALL 0.7489 ©0.6925 0.6433 0.4934 ©0.4231 ©0.3709
. YEAR 1 0.7133 ©.6198 ©.5168 ©0.3638 @.2390 0.2663
, 693 692 691 688 685 682
| YEAR 2 0.7903 ©0.7483 ©.7452 ©0.6225 0.5802 ©.3035
| 630 629 628 623 622 619
- YEAR 4 ©.9760 ©.9375 ©.8954 ©0.7370 @.6578 0.6236
633 629 627 619 613 603
! YEAR 4 9.9619 ©0.9036 ©.8405 0.6371 ©.3281 ©0.4563
n 626 626 624 618 612 606
| FISHZ 0.9087 ©.8376 ©.7773 0.6126 ©.5093  ©.4537
| LINEAR REC 0.8423 0.8093 ©0.7779 0.6963 ©.6126 @.5436
L ..
NS TOT NUM OBS iHR COR 2584
S
{L MARCH
HR 1 HR 2 IR 3 HR 6 HR 9 HR 12
OVERALL 0.7976 ©0.7470 ©0.6952 ©.5300 0.4690  ©.3936
YEAR 1 0.7602 ©0.6945 0.6363 ©.43589 ©.4212  0.34538
737 735 733 730 727 724
YEAR 2 ©.7077 6.6616 ©.389 0.4396 ©0.3387 ©.2794
743 742 741 7386 7353 732
YEAR 3 ©.95i3 ©0.8764 0.8023 0.6454 0.3304 0.4234
681 679 678 672 666 660
YEAR 4 ©0.9501 ©.8939 ©.8342 0.6647 ©.3220  ©.4392
661 657 652 645 640 636
y FISHZ 0.8780  9.8000 ©.7269 | 0.3530 ©.4323  ©.3751
; LINEAR REC ©.8353 9.784¢ ©0.7359 '@.6085 ©.3032 6.4161
l}
» TOT NUM OBS 1HR COR 2822 ;
z APRIL
¢ HR 1 HR 2 WK 3 HR € HR 9 HR 12
< OVERALL €.7607 ©.7135 0.6621 0.3364 0.4508  0.3869
YEAR 1 ©.7125 0.6254 ©.5687 ©.3837 ©.27351 0.1674
717 716 715 712 709 706
YEAR 2 0.8237 ©.7757 0.7387 ©.6385 0.5486 0.4938
719 718 717 714 711 708
YEAR 3 0.9542 9.8964 ©6.8350 0.6900 ©6.5746  0.4873
565 563 561 553 349 543
3 YEAR 4 0.9603 ©0.9028 ©.8423 6.6809 ©.3724¢ ©.5377
717 716 715 712 769 7006
- FISHZ 9.89%6 0.8215 ©0.7596 - 0.6054 0.4967 ©0.4278
Ny LINEAR REC ©.8342 0.7982 ©.7637 ©.06691 ©.3862 ©.513¢€
2 TOT NUM OBS 1HR COR 2718
" !
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIGNS
YPENBURG 2M WIND SPEED (M-SEC)

HR 1
OVERALL. ©.3833
YEAR 1 0.4128
739
YEAR 2 0.2941
738
YEAR 3 0.9363
636
YEAR 4 0.9749
628
FISHZ 0.8161
LINEAR REG 0.7084

TOT NUM OBS 1HR COR

HR 1
OVERALL 0.6309
YEAR 1 0.6217
598
YEAR 2 0.6534
331
YEAR 3 9.5462
317
YEAR 4 o.eeeg
FISHZ 0.6049
LINEAR REG 0.34H4
TOT NUM OGRS 1HR COR
HR 1
OVERALL 0.6164
YEAR 1 @.4811
741
YEAR 2 6.7119
716
YEAR 3 0.9548
743
YEAR 4 0.9445
617
FISHZ 0.8484

LINEAR REG 0.

7632

TOT NUM 0BS 1HR COR

OVERALL
YEAR 1

2
YEAR 3
4

FISHZ
LINEAR REG

eSS ® O & O®

TOT NUM CBS 1HR COR

BR 2
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.3€43
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. 6947
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MAY

HR 6

o ® ® & ©¢

e & & & ©9

P & & ®© O

. 2053
. 1986

734

. 1766

730

.6219

6351

.787%

613

. 4740
.6173

JULY

HR 6
.33590
.2221

736

. 4708
.6674

738

. 3432

601

.4910
. 6033

AUGUST

HR 6

0.
0.

0.
6.
0.
0.

4242
3493
652
4918
738
4786
670
4703
903
4497

9.3871

(4

-24

HR 9
. 03542
.0558

e & & & O
-
®
s 3
@
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®
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°
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HR 9
. 2389
. 1639
733
. 3498

.3714
735
. 3408
592
.3836
.3239
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o O O & O

O © 9 O o8
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HR 12
. 0850
.8817
728
. 1056
724
. 4694
643
.6816
603
. 3434
.3232

HR 12
.03593
.0512

. 1140
293
.0417
445
. 6090

.0624
. 3008

HR 12
. 2394
.0997

.3840
732
. 17358
658
. 1187

. 2097
. 4434

HR 18
.0933
. 0473
722
. 1039
718
.5639
639
. 6817
591
.3614
. 4435
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. 1448
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.3708
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S

"

OVERALL
YEAR 1
YEAR 2
YEAR 3
YEAR 4
FISHZ
LINEAR REG

SERIAL CORRELATION COEFFICIENTS AND EXPONFNTIAL DECAY FUNCTIONS

o
o
o
9.
1]
0
L]

.7915
. 6694

TOT NUM OBS 1HR COR

OVERALL
YEAR 1
YEAR 2
YEAR 3
YEAR 4
FISHZ
LINEAR REG

(]
o
4]
6.
o
("]
(]

.8717
L7773

TOT NUM OBS 1HR COR

OVERALL
YEAR 1
YEAR 2
YEAR &
YEAR <
FISHZ
LINEAR REC

o
e
e
0.
o
4
0

HR 1

.7630
. 7493
77
.7376
696
9840
719
. 9842
71?2
. 9344
. 9944

TOT NUM OBS 1HR COR

OVPRALI
YEAR

YEAR 2
YEAR
YEAR

FISHZ
LINEAR REG

M

e
]
(4
0.
]
o
o

.9981
. 8767

TOT NUM OBS 1HR COR

S & O O O
=]
-3
>
123

HR 2
. 7236
.7188

. 6766
694
.9662
718
.93599

.8219
. 8g0e

2849

SO & © ¢ OO

HR 2
.€6923
.6234
T42
. 3904
738
.9466
374
. 9601

.B8472
.8361

2732

o & & O O%

HR 3

SO & © O &9

. 4632
.3178

680

. 4630

717

. 7666

101

.7978

671

.3741
. 6293

HR 3

O & & & o

SO & & O O

OQ@O@?G

.3278
.3843

691

.3321

741

.8322
.8103

766

. 6787
.7630

YPENBURG 2M WIND SPEEM™ (M/SEC

SEPTEMBER
HR 6 HR 9
0.4136 0.2914
0.3111 0.183%2
679 673
0.4319 0.3013
714 711
0.5244 0.2739
98 93
6.6086 @.4314
663 639
0.4676 0.3070
0.3737 0.3230
OCTOBER
HR 6 HR 9
0.4223 0.3409
0.2389 0.1018
682 673
0.3971 9.3043
738 738
0.72C3 0.6353%4
370 364
0.3441 6.3573
703 700
0.4889 9.3391
0.6046 0.5200
NOVEMBER
HR 6 HR 9
8.6110 6.5291
0.5095 0.3641
712 709
6.535333 0.4841
686 680
0.9148 6.88990
714 711
0.8333 0.7901
712 709
0.7646 6.6928
9.7087 0.7264
DECEMBER
HR 6 HR 9
2.3268 2.4312
6.4228 9.3428
738 738
9.3735 0.2660
734 731
9.8191 0.7416
366 569
6.8539 0.7916
648 683
0.6376 0.3640
©.6916 0.3999
G-25

HR 12

oS & O S O

. 2636
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HR 12
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. 1768
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS

HR 1
OVERALL. 9.9583
YEAR 1 9.9439
703
YEAR 2 0.9673
731
YEAR 3 0.9533
743
YEAR 4 0.9515
716
F ISHZ 0.9550
LINEAR REG 9.9298

TOT NUM OBS 16R COR

HR 1
OVERALL 0.9736
YEAR 1 0.9760
631
YEAR 2 0.9619
628
YEAR 34 9.9387
693
YEAR 4 0.9711
636
FISHZ 0.9675
LINEAR REG 9.8980

TOT UM OBS 1HR COR

HR 1
OVERALL 0.9619
YEAR 1 0.9513
681
YEAR 2 0.9561
661
YEAR O 0.9636
735
YEAR 4 6.9566
743
FISHZ 0.93559
LINEAR REC ©.9637

TOT NUM OBS 1HR COR

HR 1
OVERALL €.9640
YEAR | 0.8842
684
YEAR 2 0.7456
565
YEAR 3 0.6619
717
YEAR 14 0.71235
717
FI1SHZ 0.7656
LINEAR REC 0.7351

TOT NUM OBS 1HR COR

HR 2

. 9677
. 8706
700
269
730
. 8906
742
.9042
713
. 9003
. 8839

2893

eSS & © < &9

HR 2

. 9340

. 9475
629

.9335

629
.9188
.8723

2584

o © o & 99
foe]
o
-
'S

HR 2
.9097
. 8764

679
. 893

OO & & & o9
L

HR 2
.9140
. B384
681
L7220
563
.5591
716
. 6204
716
.6906
. 6892

2083

e © O & €%

YPENBURG TEMPERATURE (DEG C)
JANUARY

HR 3
. 8343
.7961
696
. 8837
729
. 8243
741
. 8343
714
. 8431
. 8493

o & & & o9

HR 3
. 8887
. 8954
627
. 8405
624
.8163
691
. 8913
628
. 8637
. 8474

o & © P OO

HR 3

-8551
. 8623
678
. 8342

80
731
. 8380
741
. 8348
. 8289

OO & D O O©9

KR 3
L3609
.TY04e
678
.6664
361
. 4692
715
.5687
713
. 6381
. 6462

e & & & <2

HR €
L7991
.6190
687
L7574
7206
. 637H
738 .
. 7209
711
. 68485
L7220

e & & & o9

0P © & O <9

FEBRUARY

HR 6
.7500
.7370

oS o S O 9P
«K
=a
N
A

MARCH

HR ©
L7147
L6454
672
. 6647
643
L7616
728
L6619
738
. 6695
.T281

e & © & O

APRIL

HR 6
7144
71449

co & o © <O
£
A
<

SO & & O oD

20 © o & 9O

-2~

@ © o &0

HR 9
L6019
L5299
o681
. 6372
723
.93120
735
L6317
708
. o898
. 6204

HR 9
. 6447
.6378
613
.528!
612
.3683
685
.7016
22
.5726
. 7123

HR 9
. 6075
. 5304
666
. 32720
640
.3786
723
. 33909
735
.3416
. 6396

o © S © o oS & & © OO

20 © © & ©9

SO 9

HR 12
.52432
. 4559
675
.5563
721
. 4349
732
.5383
705
L0001
.5330

HR 12
.5942
. 6256
608
. 4565
660
. 2600
6yl
.0367
619
.5095
.63530

HR 12
.5351
. 42734
660
. 4592
636
L4722
722
.4831
732
. 4607
.5618

e © © S 0° oD & © O 20

c & & O

2

o0 & & O 99

Hi 18

HR 18
. 6187
. 0689

597
.4410

. 3281
676
. 6383
613
.9282
. 9489

HR 18
.2043
. 3435
648
. 4388
626
.36i3
717
.5602
726
. 4329
. 4335

HR 18
.5708
. 4087
650
L3241
531
. 1105
700
. 0873
700
.2428
. 2456

e © & & ©° 2 & & & 2

SO © O O OO

HR 24
.3903
.9971
661
. 4501
769
.4483
72
. 334
691
. 3449
. 2903

HR <4
.6650
. 7634

. 4423
582
. 4656
679
. 6304
607
.9740
.4613

HR 24
.4915
.3319
$36
. 4347
614
.2698
710
.6164
726
. 4259
. 3345

Hiv 24
L6264
. 3639
644
.2102
o019
.1818
694
. 1073

694
2212

. 1668
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SERIAL CORRELATION COEFFICIENTS AND EXPONERTIAL DECAY FUNCTIORS
YPENBURG TEMPERATURE (DEG C)

MAY
v HR 1 HR 2 4R 3 HR 6 HR 9 HR 12 OR 18 HR 24
| OVERALL 0.2796 @0.9323 €.8905 0.7752 ©0.6933 0.6682 ©.6954 0.7636
# YEAR 0.9563 ©.8859 ©0.8111 0.6219 ©.4668 0.4694 ©.5659 ©0.5708
< 656 €55 654 651 648 645 639 633
~ YEAR 2 6.9749 ©.9379 ©.8958 0.7875 0.7174 ©0.6816 ©.681T 0.6721
625 623 621 615 699 603 591 579
YEAR 3 0.9766 ©0.9473 ©0.9184 ©0.8384 0.78>5 0.7628 0.7560 6.7565
739 738 737 734 731 728 722 716
YEAR 4 0.9659 0.9205 ©0.8695 ©0.7078 0.5893 6.5481 ©0.5260 0.6758
- 738 756 734 730 727 724 718 712
F1SHZ €.9695 ©.9266 ©.8802 ©0.7515 0.6617 €.6310 0.6653 0.6770
LINEAR REG ©.9003 0.8841 ©.8682 0.8222 0.7786 0.7373 6.6612 0.393¢
j TOT NUM OBS 1HR COR 27548
3
JUNE
BR 1 HR 2 HR 3 HR 6 HR 9 AR 12 HR 18 HR 24
OVERALL 0.35450 6.87°8 0.806@ 6.6268 ©0.5103 0.4361 ©0.4088 ©.4397
YEAR 1 0.9449 0.8669 ©.7852 0.5889 ©0.4872 0.4057 ©.291¢  ©.3368
¥ 713 711 710 707 704 701 695 689
§ YEAR 2 ¥.9595 ©0.9053 0.8469 0.6892 ©.5769 0.5244 ©.6095 0.6928
423 420 417 408 399 390 373 355
S YEAR 4 0.9194 0.8452 0.7634 0.5556 ©0.4134¢ 0.3209 0.2888 0.2276
624 621 61 609 600 591 573 557
YEAR 4 0.0000 ©0.0000 0.605 0.0000 ©0.0000 0.0000 0.0000 ©.0000
p S 0 0 0 0 o 0 0
{ F 1SHZ 0.9414 0.8704 0.7936 0.6068 ©6.4846 0.4663 ©.3726 9.3972
Q LINEAR REC ©.8768 0.8357 ©0.7965 0.6897 ©0.5372 6.5171 ©.3877 9.2907
e TOT KUM OBS 1R COR 1766
[ :-)'
Lo JULY
HR 1 HR & HR 3 HR 6 HR 9 HR 12 HR 18 I'R 24
(VERALL 0.9614 6.9088 ©.5326 0.6860 ©.5600 0.5064 0.5612 0.5904
. YEAR 0.9548 ©.8972 ©0.8401 0.6684 ©0.3714 0.542! ©.5397 0.5406
743 7432 741 738 735 732 726 720
. YEAR 2 0.9445 ©0.8700 0.7890 ©.5432 ©.3408 0.3002 ©.4333 0.4212
617 614 611 601 592 583 5€5 547
<
, YEAR 3 0.9493 ©0.8789 ©0.8614 ©.5727 ©0.3881 0.2957 ©.3830 0.4841
7410 740 739 736 733 730 724 718
YEAR 4 0.9680 0.9215 0.L206 0.7222 6.6972 0.5380 0.5982 0.6428
716 714 712 706 7€0 694 682 670
FISHZ ©$.9554 0.8944 0.8293 0.6351 0.4904 0.4315 0.4950 9.53148
A LINEAR REC ©0.8733 ©0.8453 ©.8183 ©.7422 0.6732 0.6106 ©0.5023 @.4132
" TOT NJM OBS 1HR COR 2817
p
z AUGUST
. MR 1 HR 2 HR 3 HR 6 HR 9 HIU 12 HR 18 HR 24
g OV IU\Ll @.0455 0.8781 Q. 8666 e.60806 0.45 '.’ ©€.3000 6.46840 6.0367
YEAR 8.92608 O.38152 0.7423 0.4786 0.275 0.1750 0.2820 0.3626
- . 681 678 676 670 664 658 646 634
Wb YAl 2 ¢.9254 ©.8403 0.7413 0.4705 0.2:04 e.1187 0.3095 0.4139
- 525 D2 217 505 494 433 470 464
R YEAR 3 0.9209  0.4418  0.7553 0 5212 0.3625 0.2561 ©.2940  ©.4623
e 662 660 638 652 016 649 62H 616
é YEAR 4 O.9563 0.8849 0.3149 0.6145 0.4475 Q.1H874 0.4869 ©0.50083
, 743 742 741 738 735 732 726 720
% FI1sHZ 0.9348 9.8539 &.7681 Q.5296 ¢ .3390 6.2998 0.5041 0. 4425
.\, LINEAR REG 0.8437 0.8077 0.7733 9.67UH4 9.5938 0.5229 ©.4020 ©.3995
¢| TOT NUK OBS 1UIL COR 2611
Ill
&
.:(\‘“ U=27
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SERIAI. CORRELATIOE COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG TEMPERATURE (DEG ()

DT T P R XN X R i

SEPTEMBER
HR 1 BR 2 HR 3 HR 6 HR 9 HR 12 Hft 18 HR 24
OVERALL 6.9392 0.9042 0.8474 0.96903 0.5617 0.4845 9.48906 @.5206
YEAR 1 9.9433 0.8643 0.7666 0.5244 0.2739 Q.1307 0.1864 0.0430
1063 162 i61 98 95 G2 86 80
YEAR 2 ©.9413 9.4d4698 ®.7978 ¢.6086 0.4314 9.3351 0.3782 0.4924
673 67 671 €63 639 633 641 632
YEAR 3 9.9721 0.9316 0.8878 0.7334 9.6341 6.3806 0.5108 9.4534
660 657 6354 643 636 627 609 592
P YEAR 4 0.9315 0.8373 0.7449 0.4964 9.3072 6.2048 0.3056 0.4541]
719 718 717 714 711 708 702 696
FISHZ 06.9508 6.8841 0.81352 0.6238 0.4637 0.3681 ¢.3896 @.4525
LINEAR REC 0.87906 0.8426 0.8072 0.7096 06.6238 0.5483 6.4237 0.3275
TOT NUM OBS 1HR COR 2157
OCTOBER
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.9714 $.9303 0.8838 0.7628 9.6793 0.6337 0.5960 9.6163
YEAR 1 ©0.9586 08.9637 0.8322 0.7223 @.65%4 9.6297 0.5502 0.5674
580 378 576 570 564 558 346 336
YEAR 2 0.9524 @.8939 0.8103 0.3441 0.3573 6.2749 0.3128 0.43735
708 707 706 703 700 697 691 685
YEAR & 0.95843 9.9633 9.9413 0. 8384 6.6477 0.8222 6.7975 9.7878
698 6935 693 6H4 673 666 648 638
YEAR 4 €.9661 6.9211 0.8741 0.7461 0.63561 0.3%978 0.51064 9.4896
743 742 741 738 735 732 726 T20
FISHZ 0.9761 8.9270 @ .8862 0.7309 0.6609 0.6121 0.5666 0.35838
LINEAR REG ©.51i01 ©.06%42 ©.07006 ©. 5999 ©.7932 0.086090 0.0600 ©.309i
TOT NUM OBS 1HR COR 2729
NOVEMBER
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 8 HR 24
OVERALL 9.9825 3.9606 0.9368 0.8730 @.8258 0.7955 0.7638 0.732¢
YEAR ! ©.9840 0.9662 0.9490 0.9148 0.8890 9.8635 0.8304 $.7816
719 718 717 714 711 7e8 62 696
YEAR 2 @.9642 9.9399 0.9329 0.8533) 9.79@1 0.7544 0.6780 6.6922
717 716 713 712 709 706 700 694
YEAR 3 9.9591 0.2101 0.8346 0.7134 0.6162 0.3380 0.350948 0.52864
717 716 713 712 709 706 700 694
YEAKR 4 0.98735 6.9730 9.9366 9.9033 0.8710 0.8539 0.8586 0.8350
696 694 692 646 €8¢ 674 662 632
FISHZ @.9810 0.95722 9.9313 6.0H0629 0.8125 6.7786 0.7432 0.714¢6
LINEAR RECG 6.9538 0.9399 0.9263 @. 8865 ©.8484 0.8119 0.7437 8.64811
TOT KNUM OBS8 1R COR 2849
DECEMBER
HR 1 HR 2 LR 3 HR © nn 9 HR 12 DR 18 HR 24
OVERALL 0.9813 €.956 9.9302 0.8566 0.7963 9.74648 0.6809 0.6418
YEAR 1 0.9769 0.9465 0.9113 0.819] 6.7410 0.6H23 0.6109 0.5850
576 574 572 36¢ 369 354 542 530
YEAR 2 ©.9844 0.9601 €©.9330 0.8339 0.7916 0.7578 @.68351 0.6093
693 692 691 6668 685 662 676 679
YEAR 3 6.9849 9.9632 0.9417 0.8830 0.8245 0.7649 0.71360 0.60942
743 742 741 730 733 732 720 720
YEAR 4 @.96U6 0.9328 @.897) 0.439036 0.7447 ©0.69084 ©.3937 0.4810
¢ 740 738 737 724 731 728 722 716
. FisHZ 6.9794 9.9822 0.9232 0.84414 @.77499 0.7M07 Q.6364 0.3987
R LINEAR REG 0.96024 6.9410 6.9201 €.8600 0.8639 0.75i14 9.6363 0.373¢06
it TOT NUM OBS IHR COR 2752
LY
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OVERALL
YEAR 1

YEAR 2
YEAR 3
YEAR 4

FISRZ
LIKEAR REC

TOT NUM 0BS 1HR COR

OVERALL
YEAR 1

' YEAR 2
: YEAR 4
YEAR 4

FISHZ
LINEAR REG

OVERALL
YEAR 1

YEAR 2
r YEAR O
YEAR 4

FISHZ
LINEAR REC

OVERALL.
YEAR ]

YEAR &
YEAR &
YL.AR 4

FIsHZ
LINEAR REG

;

qw;‘br}‘mﬂ-' AMEEEE R X A A-a.a

SERIAL CORRELATION COEFFICIENTS AND EXPORENTIAL DECAY FUNCTIONS
YPENBURG BEKBRAQT (DEG G)

HR _i§
.9545
.9413
703
.9666
731
. 9549
743
.93591
716
.9532
. 9239

s 9 & o 6O

HR 1
L9721
.9644
633
.9567
6208
L9765
693
. 9683
630
.9675
.9247

eSS & & & &9

1017 NUM OBS 1HHR GOR

0.9666

TOT NUM OBS 1HR CCOR

IR 1
. 9700
L9781
560
.97e8
717
.9575
717
. 9056
717
L9661
L9601

cS & & 9 €9

TOT NUM UBS 1HR COR

HR 2
.8906:3
.B643
706
9010
730
. 8800
742
.9199
718
.8934
. 87269

2893

SO & & © o

HH 2
.93068
L9698
629
.£960
6526
.93%8
692
.9243
629
.9194
8860

2384

eSS & & oS

HR 2
9374
.9332
679
.9099
607
L9279
733
L9505
736
L9312
L9243

SS 3 O & O9

2815

HR 2
L9378
L9329
563
.94 11
716
9078
716
L9119
716
L9203
L9258

27160

TS & S O SO

HR 3
6.8330
0.779%

696
0.6441
729
2.8099

Y @ & © OP
]
0
~N?
-

HR 3
. 8938
. 89566
676
. 8466
632
.8810
731
9193
733
. 8097
. 8838

TS & & & <O

HR 3
. 9039
L9260
561
.8 144
715
L8993
713
. 8693
713
.8939
8927

S ¢ 2 €S2

[N

HHR 6 HR 9
2.6693 9.3412
0.5%470 6.3868

587 €81
0.6963 9.3601
726 723
6.5012 0.4654
73R 738
0.7632 0.6443
714 708
®.6364 6.5228
¢.6896 6.87¢79

FEHYRUARY

HR 6 HR 9
0.7338 6.6992
0.6362 ¢.468%

619 613
0.6797 0.5481
618 6lz
9.7689 0.6189
(13322 6835
0.7037 ¢.%816
628 622
0.6982 0.3380
6.7469 6.6371
MARCH

HR 6 HRR &
©.7930 ¢.6943
0.789¢ 0.6923

672 666
0.6837 0.3433
643 640
9.74%8 0.5%979
728 728
¢.8333 0.7633
732 729
6.7710 0.66905
@.7726 0.6735
APRIL

HR 6 HR 9
0.8184 ®.744%
0.8424 0.7786

333 849
0.8410 9.78914

712 709
©.7313 0.6293

712 709
0.73084 9.6451

712 709
0.7936 0.7198
0.4v04 0.7176
=29

SO © @ & OO

S & ¢ & SS9

e & €& & s

eSS O O O B

HR 12
. 4422
.2584
678
.47198
721
.3966
732
L8318
708
L4216
. 4843

HR 12
.6102
.6134

660
.4394

636
. 4342

.7183

726
.5667
. 5900

HR 12
L6799
7226
543
L7374
706
.3238
706
.5369
766
. 6334
60439

HR 18
3411
. 03595

S P S & OO
L3

0.4319
0.4474

B2 18
. 3149
. 3604

648
. 3831

. 1063
717
. 6897
720
. 4346
.4319

o & & o o9

nn 18
L8718
. 6359

. 6347
700
. 3706

. 3801

700
. 3087
.B172

sSsS & & & &9

S © & & ©¢
(24
N4
W
»

HR 24
.8637
.6371

e & & & ©O2
>
N
W
(<]

0.3666
0.3430

HR 24
.3014
. 5339

519
.3463

694
. 4337
-4138

e & & & &9
[
[~
~




SERTAL CORRELATIOR COEFFICIENTR AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG DEWPOINT (DEC C)

MAY
HR 1 OR 2 AR 3 HR 6 AR 9 HE 12 HR 18 HR 24
OVERAIL 0.9737 @.9449 9.91656 0.8443 0.7820 0.72081 0.6789 0.6309
YEAR 1 6.9426 ©.8831 0.8318 ©.2147 ©.6224 ©.5472 6.3962 ©.2933
656 633 634 651 648 €43 639 633
YEAR 2 0.9682 ©.9308 0.8908 0.7962 ©.7319 0.6720 ©.6126 0.3723
623 623 621 618 609 603 591 579
YEAR 4 ©.9822 ©.9643 ©0.9466 ©.8958 0.8363 0.8158 0.7807 0.7838
738 734 733 736 727 724 719 714
YEAR 4 6.9664 ©0.9234 ©.8828 0.7718 0.6671 2.35868 0.5656 0.5276
738 736 734 730 727 724 718 712
¥ 18HZ 0.9681 ©.3327 0.8976 ©.06104 ©.7367 9.6735 0.6103  @.5769
LINEAR REG ©.9398 ©0.9168 0.6943 ©.8306 ©.7713 ©.7162 ©.6176 ©.5326
TOT NUM OBS 1HR C 2754
JUNE
HR 1 HR 2 HR 3 AR 6 HK 9 HR 12 HR 18 AR 24
CGVERALL ©.9378 0.8863 ©.0228 0.6876 ©.5824 ©.5040 0.3838 0.2764
YEAR 1 9.9488 ©0.8933 6.8466 ©.7321 ©0.6433 ©0.6668 0.53506 ©.4B812
423 2 417 408 399 390 373 353
YEAR 2 0.8947 0.8447 0.7302 0.6105 ©.4937 @.3788 0.2607  0.0946
568 857 548 529 513 565 489 482
YEAR 2 0.4702 0.30%8 0.2703 0.0781 6.0929 ©.1677 ©0.0483 0.0270
710 707 706 703 700 697 693 687
YEAR 4 00008 0.0400  ©.0008  ©.0000  ©.0060  ©0.0003  ©.6000  0.6000
0 o 0
¥ ISHZ 0.8169 ©.7163 0.0327 ©0.4578  ©.3820 ©.3563  ©.2489 9. 1626
LINEAR REG  ©.7672 ©.712%  ©0.£514  ©.7202 @ 429  6.33080  @©.2171 €. 139G
A.«':r-m
TOT NUM OBS 1HR COR 1701 : '
JULY
HR | HR 2 HH.3 HR 6 HR 9 HR 12 IR 18 HK 24 o
GVERALL 0.9639 0.9268 ©0.8922 ©.08055 ©.7437 0.6967 ©0.6300 0.5664 s
YEAR 1 0.963% ©.9072 ©.866¢ ©.7837 ©.7398 ©.6957 0.6425  0.3826 i
243 742 741 738 735 732 726 726 N
YEAR 2 0.9385 ©.8743 0.8119 ©0.6630 ©0.5680 ©.5098 ©.3031 0.289% N
617 614 611 641 592 383 565 547 <
YEAR 4 0.9633 ©.9263 ©.8924 ©.7989 ©0.7336 ©.6914 0.6349  0.3321
644 632 621 392 573 565 562 377 :
YEAR 4 0.9701 ©.9423 0. 9133 0.8301 ©.7573 0.7610 ©.6317  0.3832
716 714 712 706 700 694 682 670
FISHZ, €.9388 ©0.9168 ©.8773 @.7789 0.7105  0.6600 0.3881 0.5i51
LINEAR REC ©0.9298 ©.9041 ©.8790 ©.8081 0.7428 0.6829 0.57¢1 0.4877 t
-
10T NUM OBS 1HR COR 2720 é@ﬁ
)
AUGUST bt
HR 1 HR 2 HR 3 HR 6 HR @ HR 12 HR 16 HK 24
OVbRALl 0.9590 ©.9222 @.0837 ©.7013 ©.7038 0.6608 0.5807 0.5043
YEAR 0.9442 ©.8080 0.8347 ©.7067 ©.6032 ¢.3416 ©.4877 0.3038
679 676 674 GoB 662 656 644 632
YEAR 2 0.9108 ©.83130 0.7949 €.6219 0.498! ©0.4513  ©.3942  ¢.3293
528 52 517 5¢5 494 483 470 464
YEAR 3 6.9338 ©0.8916 0.5%31 ©0.6942 0.63G6 0.6320 ©6.4692  ©.3299
443 419 3498 349 321 107 319 339
YEAIL 4 €.9733 @.9442 0.9134 ©0.8189 0.7305 0.6768 0.3763  0.4990
749 742 741 238 735 782 726 720
VISHZ 0.95064 0.9047 0.68393 @.73138 0.6386 0.5862 0.4973 0.4078
LINEAR REC  ©0.92060 ©.08908 0.8376 ©.7631 ©.6793 0.6051 ©.4797  ©.3004
TOT KUM OBS 1HER COR 2399
G-30
s
N
SR
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS e
YPENBURG DEWPOINT (DEG C) . .
SEPTEMSER g
A .
HR 1 HR 2 BER 3 FR € HR 9 HR 12 HR 18 ER 24 A
OVERALL 6.9746 ©.9453 0.9151 ©0.8368 0.7701 @.70794 ©.6915 0.3130 At
YEAR 1 #.9384 6.8966 ©0.0429 0.7437 0.6617 ©.3793 ©.4333 9.1378 5
163 102 101 98 95 92 86 89
YEAR 2 0.9596 ©.9i23 9.8641 0.7422 0.6499 0.3736 6.3946 06.2714
675 673 671 665 659 654 64) 632 S
YEAR 3 0.9838 ©9.9673 ©.9489 6.8971 0.8473 0.7966 ©.7683 0.3863 _
643 639 633 €23 612 603 585 568 R
YEAR 4 0.9550 ©.9011 0.8459 6.63837 ©.5635 0.4480 06.3239 0.2930 K- X
700 697 694 688 683 678 672 666 .
FISHZ 8.9682 0.9316 €.08932 0.7911 @.7¢1R ©0.6207 0.4812 0.3771 0
LINEAR REGC  6.9701 ©0.9312 6.8938 9.7903 0.6992 0.6184 ©.4837 0.3784 :%%
TOT NUM OBS 1HR COR 2121 }L{ i
O0CTOBER Rren
HR 1 AR 2 HF 3 HR 6 IR 9 HR 12 Bk 18 AR 24
OVERALL €.9783 0.9503 0.9201 0.0327 6.7576 0.6983 0.6407 0.6049
YEAR 1 ©.9612 ©.51168 €.9370 0.6960 6.3837 0.5187 0.4771 0.515¢ L
580 578 576 570 564 558 546 536 N
YEAR 2 9.9661 ©.9133 0.8589 0.7095 ©.85684 0.4579 0.3556 9.2763
708 707 706 703 700 697 691 683 et
YEAR 3 0.9917 @.9815% 0.9710 6.9371 ©.9633 @.8717 €.0399 ¢.8263
698 695 693 6R4 674 666 648 638
YEAR 4 0.9661 0.9254 9.8826 0.7372 0.6613 0.3873 0.5097  ¢.3933 Y
611 397 386 335 329 515 522 535
FISHZ 0.9760 ©0.9447 6.9107 0.81065 0.7229 ¢ 6339 @.5883 0.5478
LINEAKH REC 0.93536 ©.9273 ©.9017 ¢.8289 0.762! 0.7006 0.3921 0.3003
|
M TOT NUM UBS 1HR COR 2597 ‘
1 g
NGVEMBER i
HR 1 HR 2 HHR 3 HR 6 HA 9 HR 12 HR 18 HR 24
OVERALL 0.9806 0.93508 6.9362 0.8604 0.8067 0.7656 0.7932 0.6541
YEAR 1 0.9733 ©.9453 0.9160 ©.8305 0.80%8 6.7829 0.7!197 0.674¢
719 718 717 7214 711 708 702 696
YEAR 2 0.9803 ©0.9530 0.922] 9.8432 0.7667 0.7136 $.6110 0.3400
717 716 713 712 7909 706 706 694
YEAR & 0.9606 ©.5174+ 0.8B733 6.7243 0.3816 €.4723 ©0.3846 0.35506
217 716 215 712 709 7¢6 760 694
YEAR 4 0.9874 ©.9696 0.9316 6.9021 ©0.8628 0.0300 0.7951%+ ©.7312 _
696 694 692 686 686 674 €62 652 :
FISHZ 0.9777  ©.9493  0.919%  0.8372 0.7716 0.720% 0.6487 ©.5970 9
LINZAR REGC  9.9584 0.9367 ©.9i56 ©.8330 ©0.7984 0.7455 0.0300 0.5668 e
TOT NUK OBS IHR CGR 2049
(]
X}
DECEMBER
HR 1§ MR 2 HR 3 R 6 HR 9 HR 12 HR 1@ HR 24 ??f
U\LHALL V.97Y2 0.9008 v.V2LaY V. 311 ©.7095 0.7045 v.6212 ©.594/¢ 4 .
YEAR 0.9741  0.9401 0.9074 0.8142 0.7356 ©.6660 0.569Y2 ©.5250 e
57¢ 574 572 566 560 554 542 330 3
YEAR 2 @.9302 V.9523 6.9209 @. 8309 0.7642 ¢.7113 ©.6101 9.%0L61 5'1
693 692 691 688 645 682 676 670 <
YEAR 4 8.9807  0.9366  ©.930) 0.8347 O.7848 0.723T7 0.6634 9.6637 Al
744 7422 741 730 735 732 726 720 :
YEAR 4 6.9726  0.9369  0.8974  0.7894 0.7172  9.6597  6.5227  0.4579 .
740 730 737 734 731 728 722 700 A !
! FISHYZ 0..773 ©6.9474  0.9152  0.9243  0.7524  0.6924 0.5953  0.5524 g,,
! LINEAR REC  ©9.9611  €.9356 0.910?  0.8399 0.7746 ¢.7144 0.6077 ©.5169 -~
. -." 3
TOT NUM OBS iHR COR 2752 Fn“
‘> .
_ A
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG HELATIVE HUMIDITY (100X - RH)

JANUARY ]
x
HR 1 HK 2 HR 3 BR 6 HR 9 HR 12 HR 18 HR 24 L& -
! OVERALL 9.9222 6.4382 9.7v538 9.5564 0.4336 0.3633 0.2872 0.2202 %,
YEAR 1 6.920806 0.8358 0.74:1 8.35133 6.3473 9.2358 8.13521 9.1025 e
703 760 696 687 681 678 6066 661 Lk
YEAR 2 0.9226 0.8401 9.75%7 9.5384 0.3916 0.3193 0.2812 @®.2018 }&
731 730 729 726 723 721 715 709 b
YEAR O 9.9133 8.8139 e.7117 ©.5322 6.4642 9.4202 0.2642 6.1621 ! <
743 742 741 738 739 732 726 720
YEAR 4 6.8976 e.8e59 0.7164 6.4931 0.3344 9.2802 0.1965 0.1344 .“:
: 716 718 714 71! 708 795 699 693 , .
3 FiSHZ ©.9166 0.8244 8.7316 0.35167 08.3914 6.3198 0.2257 0.1514 i
1 LINEAR REG 0. 3885 0.8122 0.7425 0.5673 0.4330 0.3312 ¥.1933 9.1129 ]
' (K
o TOT NUM 0BS 1HR COR 2893 \-
" 0)‘."-".
i “’, .
FEBRUARY
HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 9.9475 0.877 0.8053 0.6081 0.4436 0.3225 6.1841 0.1878
; YEAR 1 0.9484 0.8776 9.8863 6.63635 0.5641 0.4168 0.2933 8.1680
633 629 627 619 613 698 597 387
YEAR & 9.9623 0.9658 0.8424 6.6724 0.3253 9.3831 @.1433 0.1193
628 626 624 618 612 606 594 562
YEAR 3 0.9104 0.8604 0.7869% 9.5741 9.3679 0.2041\ 6.0077 ¢.0319
693 692 621 688 oBJ 682 670 67
Y. AR 4 0.9013 0.785Y9 0.6676 0.3294 0.0673 8.6699 0.06426 6.8599
‘ 630 629 628 623 622 619 €13 6ev
5 FIiSHZ 0.9418 0.8632 0.7831 0.56351 0.3768 0.2769 0.1194 0.06926
g LINEAR REG 6.9397 ¢.8383 0.7673 0.549%90 0.3926 0.2808 0.1437 6.0733
.‘§ TOT NUM OHS THH CUOHR 25H4
“r‘
MARCH
HR 1 HR 2 HR J HR 6 HR 9 HR 12 i 16 HR 24
OVERALL 0.9219 0.8184 0.7230 0.4763 6.2686 6. 1329 0.1067 0.1724
L] YEAR 1 0.9304 9.8340 0.7416 0.5621 €.4085 8.2728 8.1976 0.1710
a 681 679 678 622 666 669 648 636
" YEAR 2 0.8953 0.7582 9.6388 @.2887 0.6019 0.1266 8.91%56 0.0843
. €61 657 632 645 640 636 626 614
- YEAR 3 0.9179 9.8087 0.7163 0.4632 0.2381 0.06602 9.9398 0.0852
. 735 733 731 728 723 722 717 710
YEAR 4 6.9213 0.8207 9.71590 0.4217 0.1913 0.0852 e.1€98 @.3216
738 736 733 T32 T29 726 720 714
FISHZ 0.9174 0.8078 6.7039 0.4406 9.2166 0. 135 0.0974 0.1497
LINEAR REG 0. 88484 6.7913 @.7052 0.4987 0.3326 0.2494 9.1247 ©.06249
[}
TOT NUM OBS 1HR COR 2813195
Faf APRIL
HR 1 HR 2 AR & HR 6 HR 9 PR 12 BR 18 HR 24
OVERALL 0.9139 0.85054 @.76i3 0.4407 6.2529 6.1615 6.1719 6.2018
Y YAk 1 0.919%0 0.8147 6.7021 0.49637 ©.2256 €. 1502 0. 142¢ 0.2435
; 8635 563 561 533 549 543 531 319
YEAR 2 0.903%4 0.791i3 0.6783 9.4008 0.2283 8.1438 ©.69918 0.16002
raXi 716 713 712 709 706 700 694
YEAR 3 9.9140 6.8049 ¢.7028 0.4376 0. 2860 8.1973 0.1538 é. 1004
h 717 716 715 712 799 700 700 694
YEAR 4 6.9008 9.7826 0.6736 9.3977 @, 1322 9.0023 6.1571! 0.2987
717 716 710 12 709 706 700 694
. F 18SRA7 €.9097 6.797 0.6892 0.4159 @.2185 0.1236 ¢. 1346 0.1634
“ LINEAR REG ©.839%0 0.777 0.702 9.3201 0.13649 0.2848 0.1%60 @.0454
&
"; TOT NUM OBS 1HR COR 2¢16
G=-32

z
<
:




SERIAL CORRELATICN COEFFICIENTS AND EXPONENTIAL DECAY FURCTIONS

HR 1
OVERAILL 0.9120
YEAR 1 9.9199
636
YEAR 2 0.9€44
623
YEAR O 0.8648
733
YEAR 4 ®.9196
738
FiSHZ 6.90639
LINEAR REG 9.8100
TOT NUM OBS !HR COR
HR 1
OVERALL 0.8901
YEAR 1 e.3288
713
YEAR 2 6.8833
423
YEAR 3 9.8611
368
YEAR 4 0.0003
FISHZ 6.8839
LINEAR REG 0.7935
., 10T NUM GBS iHR COH
Ty
K 1
OVERALL 6.8886
YEAR 1 8.8727
743
YEAR 2 0. 8865
617
YEAR O 0.8717
644
YEAR 4 0.8914
716
FISHZ 0.8794
LINEAR REG 0.7742

TOT NUX OBS IHR COR

OVERAL
YEAR 1

YEAR 2
YEAR U
YTEAR 4
FISHZ

LINEAR REG

0.
9.

Tory NUHM OBS 11IR COR

ER 2
.8132
.8165

.7869
623
.73063
734
.8231
736
.7¢11
.7614

2754

e & © & &9

HR 2
.7898
.7578
711
LPT27
.6673
537
. 0300

7431
L7320

1704

2SS S © & &P

e & © & OO
-
&
-
=)

HR 2
739
. 7499
676
L6522
i
L6733
.7314
742
L7186
LTIST

2390

L2 C & OO0

TS

HE 3
L7210
. 7320
634
.6678
621
. 6033
733
. 7209
734
. 6838
M@t rd

Se & O & &%

HR 3
. 6425
. 6097

716
.6672

5766
548
. 0000

.6143
. 6733

SO & & ¢ OO

HR 3
0.6430
. 9974

.3924
611
. 6269
621
. 6321
712
.6124
.6831

SO © @ © ©

HR 3
. 6354
. 6333
674
. 3421

.5632
398
.6410
741
.606 1
. 6562

e ¢ & O O%

MAY

HR 6
.3679
.3267
685
.4168
€i3
.3308
730
. 4446
73e
.4300
.3943

S® © % O & P © & 6 o¢
N
3
L
o

TS & & O O
)
&
S
>

AUGUST

M 6
L3816
.3518

e & O
@
te
&
IR

S &
@ ~
=
[

HR 9

0.

3736

6.3644

0.
0.
0.

Q.
6.

e® ® & < O3

o & o & O

» O@

e & O

648
2829
609
1980
727
2161
727
2630
4939

HR 9
.2120
.0866

.3040

399

. @922
. 0000
©

. 1435
. 4088

HR ¢
2104
. 1600

7358

L1112
. 1343

373

. 1584

700

. 1429
. 4692

HR Y
. 13?28
L0911

662

. 64056

494

.0ve8

321

. 1138

735

L0856
L3966

YPENBURG RELATIVE HUMIDITY (106X - RH)

HR 12
. 3386
. 3471
643
. 1986
603
. 1640
724
. 1378
724
. 2098
.4102

S & & & o®

AR 12
. 1370
.09173

. 1846

390
. 0267
. 0006

0
.0622
.3184

e S & & & o9

o® & & O &9
®
N
-
®

HR 12
. 0861
L0913

606
. 136063

483
L0176

. 9332

742
. 0439
. 3084

2 & © © =9

e & O & £

e © & & o9 oS & & 9 sb@

oSS © © & €9

HR 18
.2484
L2344
726
.1032

1710
862

6«82
. 1830
.2671

HR 18
. 19406
.09351
644
.02890
470
.0630
319
. 1879
726
L1078
. 1864

SO © & & &9

HR 24
.2832
. 1672
632
. 1609
469
.204¢
549
L2143
720
. 2004
L1127

e
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SERIAL CORBELATION COEFFICIENTS ARD EVFONMNERTIAL DECAY FUNCTIONS

HR 1
OVERALL ¢.8791
YEAR 1 0.8336
103
YEAR 2 6.8773
6?3
YEAR 3 ©.8850
643
YEAR 4 9.8662
700
FISHZ 0.8744
LINEAR REGC 0.7836

TOT NCM OBS 14R CGR

HR 1

OVrﬂALL 0.8976
YEAR 9.8801
500

YEAR 2 9.9311
708

YEAR 3 9.90066
696

YEAR 4 0.8%83
11

F1SHZ ©.8948
LINEAR REG 0.8280
TCT NUlM CBS 1HIl COoR

HR 1

OVERALL 0.9249
YEAR 1 0.99081
719

YEAR 2 2.9251
717

YEAR 3 9.9692
21?7

YEAR 4 0.9168
625

FISHZ ¢.9150

LINEAR REC ©.U3B4
TOT NUM 08S 1HR COR

HR 1
OVLHAII 0.9251
YEAR €.9431
576
YEAR 2 0.9277
693
YEAWR 3 6.92543
743
YEAR 4 0.8990
749
FIsSHZ 0.9214
LINEAR REC 0.8785

TOT NUM OBS THR COR

HR 2
. 7496
.6670
102
L7300
673
7769

.7223

7401
.7263

2121

SO & & O OO

HR 2
7796

.8360

SO & O O &
[s 4]
=]
>

S O OO0
>

X ]
-
L4
-4

e & o <F
s
[+
-
-
<

0.8371

<
beo]
~
<&

HR 3

SO & © & ©9

. 6408
L3171

101

. 6032

671

. 6734

633

.6154

694

L6271
6714

fin 3

O & ¢ O o9

S S 09

[~X>-T

e® ® & & &@

. 6687
.5913

. 7257

. 6322
. 6833

iR 3
.762
. 7134

717

L7723

715

. 6807

7193

. 7486

692

. 7305
7417

HR 3
7670
L7877

572

LTT?H

691

.?587
L7042

737

L7364
.7633

SEFTEMBER
HR 6 HR O
9.3853 3 2021
6.1147 6.2012
28 95
0.3164 2.1143
663 659
0.3985 0.1843
623 612
0.4030 0.20664
688 683
0.3627 0.1907
©.3305 e.4192
OCTOBER
ER 6 HR 9
¢.+$238 @.3069
0.2311 0.1513
57e 564
0.4496 0.2656
703 700
0.3736 0.4346
684 675
0.1418 0.0774
355 529
6.3888 0.2379
0.3127 9.3849
NOVEMBER
HR 6 BER 9
0.5683 0.4523
0.5085 0.3940
714 711
0.6099 9.5281
712 7009
6.3822 9.1836
712 TeY
¢.5116 0.3531
686 686
0.35074 0.3713
0.3936 0.4783
DECEMBER
HR 6 HR 9
0.35894 0.45¢61
0.¢075 0.5076
566 569
0.6173 0.5328
<38 685
©0.6143 0.4794
738 735
6.4385 0.2618
734 791
Q.3708 €.4458
0.6222 9.50548
G-34

YPENBURG RELATIVE HUMIDITY (10€%X -

HR 12

2 & O & 9o

o & & & &% QSO@‘S.G@

G@@SQQ@

L1172
. 3539

92

L2179

653

. 8959

603

. 1897

678

. 1146
L3312

RH)

oD & & O ©O9

S & ¢ & 9O

e S & O O

HR 18
. 1633
.0144
86
. 0477
641
. 2006
5895
. 1693
672
. 1333
.2068

HR 18
. 1924
.090:

. 1287

. 1562
. 1622

HR 18
. 2859
. 4239
542
.3370
676
. 2608
726
o161
722
L2096
L2718

oS D © & o9

oS © & & o

HK 24
. 2338
. 3285
536
. 1004
689
. 1928
638
. 1573
843
. 1943
.09i13

HR 24
.3371
. 1562
699
L 337
694
. 2247
694
L2932
652
.2533
. 1598

HR 24
. 2653
. 4739
536
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YPENBURG STEPWISE COEFFICIERTS OF
YQUIVALENT !R AEROSOL EXTINCTION

JANUARY
R SQUARED VARIABLE(S) ENTERZED
.2040 RB
.30%1 RH, DP
L3197 T, R, bP
.3160 2M, T, RH, DP
MARCH
R SQUARED VARIABLE(S) ENTERED
2261 RH
. 2300 RH, DP
.2536 2M, R4, DP
MAY
R SQUARED VARIABLE(S?) ENTERED
0604 RH
U753 T. RH
$5i% T, R, DP
[ST1Y 48} 10Fi, 1, RH, DF
JULY
K SQUARED VARIABLE(S) ENTERED
. 1484 RH
. 1605 T. RH
. 1990 T. RH, DF
L1729 10M, T, RUH, DP
SEPTEMBER
R SQUARED VARIABLE(S) ENTERED
L2578 RH
L2611 T, RN
.2670 T, RU, DF
NGVEMBER
R SQUARED VALIABLE(S) ERTERED
L 3 P J{TH
L0500 1o, RH
L2010 101, RH, DP
L2891 161, 'I', BH, DP

DETERMINAYICGN FOR DEPERDENT VARIABLE

3.4-5.0 MICRONS AT THE .15 SICHIFICANCE LEVEL

FEBRUARY
R SQUARED VARIABLE(S) ENTERED
.0719 T
. 0842 oMM, T
. 0859 10, T, DP
. 0891 16M, T, RH, DP
APRIL
R SQUARED VARIABLE(S? ENTERED
. 1798 RH
. 2047 2M, RH
. 2083 2M, RH, DP
L2170 2M, T, RH. DP
JUNE
R SQUARED VARIABLE(S) ENTERED
. 0401} np
. 0632 1eM, bp
. 8824 10N, oM, DP
AUGUST
R SQUARED VARIABLE(S) ENTERED
L1271 RH
. 1343 2M, WH
. 1381 2r, hkH, DP
L1700 2M, T, R4, DP
OCTOBGER
R SQUARED VARIABLE(S) ENTERED
. 1028 RH
. 1073 T, Ri
. 1id2 T. RH, DP
. 1204 10M, T, R, DP
DECEMBER
R SQUARED VARIABLE(S) LKRTEREQ
. 098 Ry
. 1033 R, LP
o I T, RH, PP
. 1144 2M, 1, I, bp




L3

YPENBURC STEPWISE COEFFICIENTS OF DETERMINATIOR FOR DEPENDENRT VARIADLE

o
EGQUIVALENT 1R AEROSOL EXTINCTIOR 8 -
JANUARY
R SQUARED VARIABLE(S) ENTERED
. 1399 RH
.20a2 RH, DP
.2107 T, RH, DP
L2118 2M, T, RH, DP
MANCH
R SQUARFD VARIABLE(S) ENTERED
. 1204 RH
. 1555 1011,
. 1844 10M, R, DP
.1989 1eM, T, RH, DP
R SQUARED VARIABLE(S) EKTERED
: .0839 RH
| 10906 R, DP
| .1131 T, R, DP
Luw
W,
0 JULY
R SQUARED VARIABLE(S) ENTERED
. 1203 RH
11627 i, DP
l- L1701 T, RH, DF
: L1731 1eM, T, RH, DP
L
\ SEPTEMBER
7 Il SQUARFD VARIABLE(S) ENTERED
s . 1544 T
.2238 T, RN
5 . 2352 T. RH, Db
\
*
[
A .
[ NOVEMBER
i R SQUARED VARIABLE(S) ENTERED
)y . 1064 i
. 1840 RH, D7
2 .2179 10M, RU. DP
Ny 2267 21, T, NI, DP
o)
wh
(4
3

']

o2t B
b

g

y
LS

Id
s
..
'>
‘.-
o

12 MICRONS

R

R

AT THE .15 SIGNIFICANCE LEVEL
FEBRUALY
SQUARED VARIABLE(S) ENTERED
. 0389 pr
. 0473 2M, DP
APRIL
SQUARED VARIARBLE(S) LCNIERED
. 0368 RII
.O7RY R, ne
. 0020 T, Rl, DF
. 0938 2M, T, RH, DP
JUNE
SQUARED VARIALELE(S) LENTERED
.€342 T
. 0465 2M, T
. 0637 2M, T, DP
AUGUST
SQUARED VARIABLE(S8) ENTERED
. 1501 T
. 1693 T, R1
L2239 T. W1, DP
. 2289 2M, T, RH, DP
OCTOBER
SQUARED VARIABLE(S) ENTERED
. 1272 T
. 2029 7. Ul
L2211 T, K. bP
. 2309 2M, T, R, DP
DIECEMBER
SQUARED VARIABLE(S) ENTERED
. 0879 T
. 1104 T, RH
. 1349 1M, T, RI!
. 13877 10M, T, Ri, Dr




YPENRUNG STEPWISE CGEFFICIENTS OF DETERMINATION FOR DEPENDENT VARIABLE
VISUAL EXTINCTION AT THE

JANUARY
R SQUARED VARIABLE(S) ENTERED
.4710 RH
.55%2 2M, RH .478110M, RH
.5u88 2M, T. RHU
. 5446 ieM, 2M, T, RH
MARCH
R SQUAHED VARIABLE(S) ENTERED
.2185 Ri
. 3056 2M, T
. 3069 16M, 2M, RH
MAY
R SQUARED VARIABLE(S?} ENTERED
.2637 RI
.3534 RE, DP
L2108 1on, ma, vUr
.4268 10M, T, RH, DP
JULY
R SQUARED VARIABLE(S) ENTEREID
.3216 DP
.4463 RM, DP
.4700 i0M, RH, DP
. 4853 ton, T, R, DP
SEFTEMBER
R SQUARED VARIABLE(S) ENTERED
. 2693 Rif
.3609 ‘T RH
. 4363 10M, T. RH
.45063 1011, 2M, T, RH
NOVEMBER
I swuatkDd VARIADBLE(S) ERTERED
. 5803 RH
L5001 1eM, RN
L5923 101, I, HpP
.0946 16M, T, RH, DP

.13 SICNI#ICANCE LEVEL
FEBRUARY
R SQUARED VARIABLE(S) ENTERED
.3842 RH
.4781 10M,
.4917 10M, RH, DP
.4934 19M, T, RH, DP
APRIL
R SQUARED VARIABLE(S) ENTERED
. 2269 RH
.2903 2M, R4
.3131 2M, T, RH )
. 3495 16M, 2M, T, RH A
JUNE '
R SQUARED VARIABLE(S) ENTERED
2777 OP
. 4062 10M, DP
.4288 1M, BRI DP
AUGUST
R SQUARED VARI#BLE(S) ENTERED 7
. 1882 RH Y4
.2848 2M. RH <
.3500 2M, T, RH >
L5971 18M, 2M, T, RH %ﬁ
CCTOBER
; )
R SGUARED VARIABLE(S) ENTERED (o
.3003 RE b
. 4789 10M, RH o
. 4922 1M, T, RHU ~,
. 4989 10M, 2M, T, RI- E:
DECEMBER n
R SQUARED VARIADLE(S) ENYERED ;f
. 3850 RH &#}
. 4441 T, RH -
4646 1oM, T, I o
W
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AWS
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EO
E0/Met

EOMETS1

EOMETS2

GMT

IR

1n

ma
Met
ms

mm hr~
msec”
MST

MULTRI

ABBREVIATIONS, ACRONYMS, AND SYMBOLS

aerosol absorption

Air Force Geophysics Laboratory

Air Force Global Weather Central

aerosol scattering

Air Weather Service

monochromatic volume attenuation/extinction coefficient
Cumulative Distribution Function

path length over which extinction occurs.

The Environmental Simulation Section of USAFETAC.

vapor pressure

saturation vapor pressure

Expectation operator

Equivalent Normal Deviate, the standard normal variable.
Flectro—Optlcal.

Electro-Optical and Meteorologlical.

The environmental simulation model of a single E0/Met variable at some
initial time and at N lag times.

The envirommental simulation model on N EO/Met variables at a time lag At in
which the cross correlations between the N EO/Met variables are preserved.

Greenwich Mean Time

Infrared

intensity of the incident monochromatic radiation
kilometer

per kilometer

latent heat of vaporization

common logarithm, base 10

natural logarithm, base e

molecular absorption

Meteorologlcal

molecular scattering

millimeters per hour

meters per second

Mean Solar Time

Multivariate Triangular Matrix Simulation model

nautical mile
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PDF

USAFETAC
V1St
v2si
Wyt
XO

A3

mol

Tneas

Optical Physics Division of AFGL

Optical Atmospheric Quantities in Europe

total atmospheric pressure

Probability Density Function

radius of scattering or absorption particle

spectral response of a sensor

relative humidity

specific gas constant for water vapor

temperature

dewpoint temperature

United States Air Force Environmental Technical Applications Center
Single~variable, single station environmental simulation model
Two-variable, single station environmental simulat;on model
radiance of a transmitting source

path length for a given radiance

Monochromatic transmittance

wavelength

weighted average extinction

transmittance for aerosols

transmittance for water vapor

transmittance for molecular components

measured Barnes transmittance

K=-2

A8.77878

AN

A%
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DEPARTMENT OF THE AIR FORCE

AIR FORCE COMBAT CLIMATOLOGY CENTER {(AFWA)
ASHEVILLE, NORTH CAROLINA 28801-5002

20 July 2005

MEMORANDUM FOR DTIC-OQ

ATTENTION: LARRY DOWNING
8725 JOHN J. KINGMAN ROAD
FORT BELVOIR, VA 22060-6218

FROM: Air Force Weather Technical Library
151 Patton Ave, Rm 120
Asheville, NC 28801-5002 °

SUBJECT: CHANGE CLASSIFICATION AND DISTRIBUTION STATEMENTS

1. AD254761 — Seasonal and latitudinal variations of air density in the mesosphere (30 to 80 kilometers), March 1961.
2. AD254659 — Air density profiles for the atmosphere between 30 and 80 kilometers, Jan. 1961.

3. ADBO099413 — Electro optical/meteorological simulation model, Aug. 1985.

4. ADBI130894 — Directory of climatic databases available from OL-A, USAFETAC, Jan. 1996.

SEPLACED 87 ADA 304 4G
All the above documents need to be changed to “Approved for Public Release, Distribution Unlimited” please.

Poo & tle

SUSAN A. TARBELL
Librarian, Classified Custodian,
DTIC Point of Contact

PAST WEATHER — OUR FUTURE



