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CHAPTER I

INTRODUCT IONS 1.1 Need for Simulation or gleotro-Optioal and Meteorolgioal Variables. Air Force Global Weather
Central (AFGWC) Program Action D!rective (PAD) 80-i required a survey of environmental simulation
custOmers to determine their requirements for the next 5 years and provide at least an Idea of their needs
,or the 5-10 year time frame. The USAF Environmental 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 is a definite need for simulation of specific optical and infrared
variables over the limited range and time interval that weapon systems are employed. Armry units, such as
tho United States Army Missile Command Research Directorate (Redstone Arsenal, AL) and Headquarters TECOM
Systems Analysis Division (Aberdeen, MD), were particularly interested I' simulation of infrared
variables.

Simulation of electro-optical and meteorological (EO/Met) variables has a wide range of applications
to Air Weather Service (AWS) customers. Weapon systems effectiveness studies, design trade-off analyses,
combat tactics simulation, strategy and doctrine development, war games, and similar activities often need
some kind of weather input. Simulation of EO/Met variables offers a practical alternative to the large
numbers of actual observations previously required as inputs to these models. Environmental simulation
models incorporate historical weather records through such statistical methods as probability 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 EO/Met variables within the framework of the NATO Optical Atmospheric Quantities
in Europe (OPAQUE) program. USAFETAC/DNY takes the frequency of occurrence analysis one step further by
mathematically modeling the cumulative frequencies for use in an environmental simulation model. This
publication is 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 statistical analyses are alsc presented.

1.2 The MATO OPAQUE Prq"am. An effective statistical study of EO variables requires simultaneous
measurements of visibility in both the visible and infrared wavelengths. While there have been a number
of studies of ED elements in different meteorological conditions, the OPAQUE project is the first extended
(rlleet!)n of Aimultanecu ~otserva.tir.o. In-tlal OrAQU7t plaria vinisd fur a measurement period or 2 years,
but several OPAQUE locations have considerably more observations.

"The OPAQUE program was orgarized under the Defense Research Group of the North Atlantic Council
NATO. A series of Research Study Groups (RSGs) under that council developed the joint measurement program
for the European theater. RSG-3 of Paoel I11, Sky and Terrain Radiation, submitted the original proposal
foe: an OPAQUE measuremdin. program in November 1973. NA:O publication 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/Met meas3uements were (Fenn, 1978):

Northern Norway German urban industrial site
Netherlands (urban area) Northwest France
Northern UK Southern Italy
Denmark Mediterranean Sea
Northern Germany (near eastern border' Mountain site (Alps)
Southern Germany

Site selection depended first on military tictical considerations; second, or. how well the sites
represented the locations in terms of geographical environment and meteorological conditions; and third,
on the availability of logistic support. RSG-8 of Panel IV, Atmospheric, Optical, and IR effects,
selected seven sites for the measurement program:

Danish/Canadian Station - Lolland, Depmark
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

1 I
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1.3 PrO. -L R4,6U1rame.ts. In February 1982, the Air Force Geophysics Laboratory, Optical Physics
Division (AF '/OPA), requested that USAFETAC/DNY investigate the statistical relationships of the EO/Met
variables at a suitable OPAQUE site. An environmental jimulator would follow based on the results of that
Investigation. The statistical analyses and simulation modeling, where possible, were to be within the
frazework of the environmental simulation techniques described in USAFETAC TN-82/OOL, Basic Techniques In
Envirorunental Simulation. The developed simulator would then be tested for tranuportability at a second
OPAQUE location.

The Ypenburg, Neterlands, And Chrlstchurch, England, OPAQUE locations were selected for analysis
because Of the number and completeness of available data. Ypenburg contains 47 months or data (from March
1977 to February 1981, excluding June 1980). Christchurch contains 27 months of data (from December 1976
to February 1979).

Ypenburg (520 03' N, 40 22' E) Is located about 7 km southeast or Hague, The Nethe-lands. and 10 to
15 km northwest or r-terdam. The site Is strongly Influenced by artificial illumination at night.
The Physics Research Group of the TNO Physics Laboratory managed the OPAQUE measurement program at the
Netherlands site. Ypenburg is representative or the urban Industrial environment or northern Europe.

The UK OPAQUE site is located at a site of the Royal Signals Research EstablI hment at Rarnsrfelj
Health, near Christchurch, about 8 km Inland from the south coast of England (50 41' N, 1 45 W).
Chriscchurch is representative of northern Europe's maritime environment.

The EO/Met elements to be Investigated were visual attenuation and visual extinction in km-I
1 ,

Infrared transmittance In the 3.4 to 5.0 and 8.0 to 2.0 micron bands as percent trinsmlsslon, cloud cover
in octas, wind speed at 10 and 2 meters In msec- , relative humidity in percent, an'd temperature/dewpolnt
in degrees celsius. Aerosol concentration data would have been used btt were not available for the
present study. Such aerosol measurements were made by the TNO, and are described In a report by Henmes
(1982). Derived quantities such as aerosol Infrared (IR) transmission and equivalent aerosol IR
extinction proved mcre valuable than the actual transmittance observations for comparing the visual and
Infrared visibilities. Other variables in the OPAQUE data base could be adapted to a similar type
analysis. AFGL/OPA provided the OPAQUE data tapes for the projects.

1.# Thi gleltro-Optios/Neteoroloqy SLmulator. The remainder or this technical note consists or
descriptions of the OPAQUE EO/Met variables used In the project, the key concepts in statistics and
simulation, the envirorinental simulation models dsed by USAFETAC. the statistical analyses of EO/Met
variables In tho OPA.QuE data. and the tio EO,'-at ilaul-Lot, dJvuluped ifor this project. -napters i
through 7 are organized as follows:

Chapter 2--The meteorologica) and electro-optical variables. Includes both the raw *.:rables and
derived variables, such as equivalent aerosol IR extinction used to develop the s!r.:-itor.

Chiptel' 3--Basic techniques in environmental simulation. Includes the basic statistical concepts of
simu'ation, the single-vw.-ai.e, single-3tation model (VtSI), the two-varlable, single station model
(V2S1), and Multivariate Triangular Matrix model (MULTRI).

Chapter 4--Cumulative distribution functlons of the electro-optical and meteorological variables.
Covers the standard USAFETAC cumulative distribution modeling functions, evaluation of cumulative
distribu,ions, conversion of raw probability to a normal probability, and line segment fitting.

Chapter 5--Correlation coefficients. Covers the correlation coefficient development, the effect of
random error or observation on correlation, and the serial and cross correlation of the OPAQUE
variables.

Chapter 6--The electro-optical/ineteorological simulator, Describes the two simulators (EOMETS1 and
EOMETS2) developed for this project, and the transportability of the simulators to other locations.

Chapter T--Linear regression analysis for the OPAQUE Ypenburg data.

I I..... .
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CHAPTER 2

THE METOROLOG]CAL ANID E1CTIK-OPTICAL VAR1ABLS

2.1 Gefnral. Table I gives the OPAQUE EO/Met variables u3ed for this project, the measuring
Instrument, the measurement units, and the estimated measurement error (Fenn et al, 1979). The
meteorological 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 heginning, ending, maximum, and minimum values for the
measurement cycle. The beginning anu ending values are occasionally the maximum or minimum values. The
3.4-5.0 micron band has both a beginning and ending value, while the 8-12 micron band has only the first
reliable observation within the period. To allow for the best statistical comparison between the
visibility and meteorological elements. USAFETAC/DNY chose the beginning visibility observations to
develop the probability distributions.

TABLE 1. Neasured OPAQUE Variables Use's for Analysis.

Variable Inatrument Units Aoouraoy

Visual Scattering Coefficient Nepheiometer km-I 120%
Photoplc AEG Point
Visibility

Infrared Transmittance Transmissometer km- 1  ±10%
Photopic Eletro

Infrared Transmittance Transmissometer % t2%
3.4 - 5.0 microns Barnes

Infrared Transmittance Transmissometer % ±2%

8.0 - 12.0 microns Barnes

Ci'uud Cover Visual ocias -

Temperature Aspirated 0C t.29C

Relative Humidity Hair Hygrometer % t5%

Dewpoint Lithium-Chloride 0C +I OC

Wind Speed at 10m and 2m Cup Anemometer msec-I t2%

Rain Rate --- mmhr-I

Rainfall --- mmhr-
1

Observations containing rainrate, rainfall, or missing rainrate/rainfall observations were not
Included In the project. This is 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 Is not
possible for such a small number of observations. Appendix C contains the number of omitted rain case
observations.

Eacn OPAQUE site took measurements in Mean Solar Time (MST), where mean solar noon is the time at
which the sun reaches its zenith. This allows comparison between measurements at di.feerent OPAQUE
locations. The MST for Ypenburg is 17 minutes 28 seconds in advance of Greenwich Mean Time (GMT), while
Christchurch is 7 minutes behind GMT. Table 2 shows the Ypenburg sunrise and sunset MST for selected
dates. These tiies were used to explore solar influences on different combinations of hourly groupings of
observations.
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TABLE 2. Ypenburg (52* 03' N. 4I 22' 9) Sunrise and Sunset Mean

Solar lime (MST) for Seleoted Times (after the Air Alimanao, 1983).

DATE SUNRISE SUNSET DATE SUNRISE SUNSET

Jan 1 0751 1542 Jul 1 0337 2006
Jan 15 0745 1600 Jul 15 0340 2000
Feb 1 0724 1630 Aug 1 0404 1934
Feb 15 0659 1658 Aug 15 0426 1908
Mar 1 0633 1721 Sep 1 0452 1834
Mar 15 0559 1746 Sep 15 0516 1759
Apr 1 0519 1815 Oct 1 0542 1722
Apr 15 0448 1840 Oct 15 0606 1650
May 1 0415 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 0744 1532

2.2 Meteorological OPAQUE Data. The Ypenburg measured moisture element Is relative humidity, while
that of Christchurch is 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),

e(P-e )
RH - [ t ( ] 100, (1)

e(P-e)

where e is the ambient vapor pressure and e5 is the saturation vapor pressure for air temperature T.

The Clausius-Clapeyron equation (equation 2.88. on Fleagle ano Businger, 1963) relates the
saturation vapor pressure es to temperature for an Ideal gas and pure water,

de L dT
(2)es Rmv T2 2

where L is 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, gives the
Goff-Gratch formula for saturation vapor pressure (equation I on page 350 of the Smithsonian
Meteorological Tables (List, 1971)). Murray (1967) gives a form of the Goff-Gratch equation more
convenient for computation,

es - 7.95357242 • 1010 • exp (X - Y Z), (3)

where

X - 5.02808 - ln A - 18.1972839 • A

Y - 70242.1852 exp (-26.1205253/A)

Z - 58.0691913 exp (-8.03945282 . A)

A 273.16 T

Shettle (1978b) developed an analytic expressiori for relative humidity In terms or 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 (T - T)RH [ 269.9 T T 100. (4)

D e'
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The conversion to dewpoint is:

19.772 • T + In RH • (269.9 - T)
D RH0 

(5)
D 19.772 - in

These approximations have an RMS error of 0.11 percent for -40 < T < 40
0

C and 0 < (T-TD) < 40
0

C, and
a maximum error of 0.2 for -35 < T < 35°C.

"he hair hygrometer used by Ypenburg can give biased results for high humidity measurements.
Shields (1981) found that the highest values of aerosol IR extinction often occurred during periods of
constant high relative humidities. Altnough the values changed for each epivode of 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 that the hygrometer was saturated and that the humidities were
actually close to 100 percent. It should be 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 corrected
values of relative humidity.

The minimum detectable wind speed for both the 10 and 2 meter cup an mometer is 0.8 msec- 1
. There

is no effective way to distinguish between wind speeds of calm and 1 msec . Therefore, all winds which
are 1 msec-I and calm are grouped together for cumulative distributions. This combination is further
justified since wind, for the most part, Is never truly calm.

2.3 Fdectro-Optieal OPAQUE Data.

2.3.1 Attenuation of gleetrom~etle Propagation. The attenuation or extinction of radiation is
given 

by the Lambert-Beer--Bouguer 

Law,

where I is the intensity of the Incident monochromatic radiation, b is the monochromatic volume
attenuation/extinction coeýfficient, D is the distance over which the extinction occurs, and IV0 Is the
intensity cf the monochromatic transmitted radiation. The monochromatic transmittance Is given by

A = 
1X / IX 0 . (7 )

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

bA - bmaA * bmsA * baa,A " bas, X (8)

where ma is the molecular absorption contribution, ms is the molecular scattering contribution, aa is the
aerosol absorption contribution, and as Is the aerosol scattering contribution to the total extinction
coefficient.

Scattering can be one of two types, depending on the radius of the scattering particle. Rayleigh
scattering occurs where the radii of the scattering particles are smaller than about one-tenth the
wavelength of the ecattered radiation. Mie scattering covers all ratios of scattering partiole diameters
to wavelengths, but typically applies to cases where diameter-to-wavelength ratios are unity or larger
(Huschke, 1959). AerDsol volume scattering predominates at shorter wavelengths while molecular absorption
becomes more Important as the wavelength Increases. Table 3 shows the relative Importance of each
attenuating process for selected wavelengths.
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TABLE 3. Sipnifloant Atmospheric Gaaeous Absorbers (Water Vapor, H20; Carbon Dioxide, 0I
Oxypn. 02; and Ozone, 03) at Visible and Infrared Wavelengthe (after Cottrell at al.: 1919).

WAVELENGTH INTERVAL (microns) BAND ABSORBER

1.319 - 1.498 1.38 H2 0
1.762 - 1.977 1.80 H20
2.520 - 2.845 2.70 H20
2.904 - 3.571 3.20 H 0
4.100 - 4.45 4.30
4.876 - 8.699 6.30 H26
9.400 - 9.9 9.60 0

10.591 C82
12.900 - 17.1 14.70 cc
18.000 - 20.0 H2

The size parameter x can be used to define the tyoe of scattering that will occur,

2 Y rA . (9)

Rayleigh scattering occurs when X is much less than one, while Mie scattering occurs when the sizq
parame er is the order of one. Typically, aerosol particles such as dust, haze, and smoke have radii 10-1

to 10 cm, which yields a size parameter in the range of one to ten. 'TPerefore s aerosol scattering is of
the Mie type. Molecules in t e atmosphere have a size range of 10I to 10 8 cm, which gives a size
parameter X of the order of 10"1. Since this is considerably less than 1, molecular scattering is of the
Raleigh type.

2.3.2 Visuel Transmittanoe. The extinction b was measured by two methods: the percent
iransmission or radiation 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 visibility meter). For the OPAQUE project,
extinction refers to the tranamissometer measurements and scattering or attenuation to measurements from
the point visibility meter. The effective path length for the Ypenburg transmissometer is 1000 m. The
reporte0 extinction values were converted to a 500m path length during data reduction to be compatible
with the Barnes transmittance path length (sea equation 12). Table 1 gives additional information on the
two measurement procedures.

For the visual spectrum, or more specifically the
photopic band in which the human eye is sensitive in daytime
(.34 - .78 microns), molecular absorption is negligible 10
(Cottrell et al., 1979). The primary source of extinotion is
from aerosol scattering. The CO/Met simulator uses the visual
extinction since the Eltro transmissometer measurements are
along the same baseline as the Barnes infrared transmission
measurements.

2.3.3 Infrared Tranesittanoe. The Barnes
transmi~someter measures transmittance over a 500m path length w
(along .1e same path as the Eltro transmissometer for visual "
extincti .) for four spectral bands: 3.4-5.0 prm, 8-12 lm,
8.25-13.2 urm, and a narrow band around 4 urn. The bands ha.e a
minimum of molecular absorption. The tranamissometer measures
tranamittance for the four spectral bands with a rotating
filter wheel at the receiver. Fenn et al. (1979) give a
description of and callbration procedures for the Barnes
Transmissometfr. The measurement period for the fotr
meauurenents is 11 minutes at Ypenburg to 10 minutes -t o
ChristChurch. The filter changes position to a new spe.tr'' 4 5
band once each minute. Since measurements for the two WAVELENGTH IMICRONSI
infrared spectral bands are from the same instrument, the
observations are no longer independent of each other. The
errors of observation from each measurement may now be
correlated and can have a significant efrect on cross Figw'e 2. Relative Spectral Response
correlations. of the Barnes Traneais ertW Receiver

forth 3.4--5.0 Miaron Filter (after
Figures 2 and 3 shcw the relative spectral response of Janosen and van Schie 1981).'

the Barnes transmisomet receiver for the 3.U-5.0 and 8-12
micron filters (Janssen aid van Sohie, reapectively, 1981).
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Tne 500m path length emphasizes high humidity and low
visibility conditions. Table 3 shows the relative
importance of absorption by water vapor (H 0). carbon
dioxide (C0 2 ), oxygen (02), and ozone (03 ? from 1 to
20 microns (Cottrell et al, 1979). Molecular
absorption increases in importance as the wavelength

of the radiation increase5. Except for a few bands,
molecular absorpticn Is so strong that radiation
undergoes substantial attenuation. For a few seieoted
bands, transmission 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 contributors.

2.4 Equivilamt Aerosol Infrared ELtlnotion.

2.4.1 Aeroeol Transalasion. Table 4 shows
the relative importance of the four extinction ' , ,e ,, 2 I

processes over selected spectral intervals. For the WAV(tNGIIIC*0NS,
visual spectral band (0.4 - 0.74 jrm), scattering of
radiation by aerosols is by far the largest
contributor to extinction changes. Aerosol absorption
can become important as wet haze changes into fog and
mist. Molecular scattering by water vapor gives a Figure 3. Relative Spectral Response
small contribution for very high (> 95%) relative of the Brnes TraUsamikter ReoeLver
humidities. The entire reported extinction for the 8.O--12.O Micron Filter (after
coefficient can therefore be treated as aerosol Janssen and van S!hie, 1981).
extinction coefficients._________

TABL K 1. Re lative Importanoe of Bach Attenuating Proe mss for
Selected Wavelengths (after Cottrell at al.. 1979).

IMPORTANT VOLUME ABSORPTION
AND SCATTERING COEFFICIENTS

WAVELENGTH REGION 7 -n order of importance) I
0.40 - 0.74 u mb b baa

asX aeXa~
0.74 - 2 mm baa,x baa,A bms,X

3.00 - 5 Pm bma,X baa,1 baa,A bms,X

8.00 - 12 Um bma,X baa,A basx,

Molecular absorption, aerosol absorption, and aerosol scattering all contribute to infrared
extinction. Molecular scattering plays a relatively minor role in infrared extinction. Like 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 size
distribution, infrared transmittance Is mostly influenced by the larger aerosols. For a given aerosol
size distribution dur.ing a haze event, visible light transmittance will ba lower than infrared
transmittance. However, in fog and mist where there is a larger number of droplets whose size is about
equal to the wavelength, the infrared transmittance may be equal to or less than the visual
transmittance. To allow a direct oomparlaon with the visual aerosol extinction, the total IR transmission

can be separated into the transmission due to aerosols, water vapor, and molecules.

2.4.2 Aerosol Extinction Coefficients. A more general form for the transmittance given in
equation (7) is (Fleagle and Businger, 1965),

(R) I (x 0  (10)
IAo
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where 1,(x,) and %, are the radiances at path lengths xo and 0 respectively and %(R) is the range
dependent transmittance. Equation (10) is valid for monochromatic radiation only. The broadband sensors
of the Barnes transmissometer produce an average weighted transmittance (Shettle, 1978a),

- X T X W 1,T R X d A

JX W ,T RA dA

where WT is the radiance of the source (A 6500C blackbody for the Barnes transilssometer) and R, is the
spectral response of the sensor (figures 2 and 3). The equivalent extinction coefficient for broadband
transmitted radiation is defined by:

1n " (12)

where B is the weighted average extinction and D is the path length.

The total transmittance can be represented as the product of the' average transmittances for the
various atmospheric constituents:

S- T 'IH (T'T) " (T) (13)
ar H2 0 D mol

where 'aer' 'H O' and t mol are the average transmittances for aerosols (both wet and dry), water vapor,

and other molegular components and T, TD are temperature and dewpoint respectively. Each transmittance
can be calculated from an equation analogous to equation (11). Each transmittance includes both
scattering and absorption, although a particular process may be relatively unimportant for specific
spectral regions. Equation (13) is valid for monochromatic radiation only. Application to the Infrared
windows results In total transmittance errors that are usually less than one percent, which is better than
the Barnes transmission measurement (Shettle,. 1978a).

2.4.3 An Awosol tinotion Model. Following equation (13), the weighted average aerosol
transmittance isz

•meas 
( 4

'aer H 'H 0 (T,TD) ToI (T) (14)

where im as is the Barnes transmission observation. The calculations for -(H 0 and Tmo are based on the
LOWTRAN a average broadband transmittances. Shettle (1978a) presents the2 partly theoretical, partly
empirical, equations for water vapor and molecular transmittances,

1 H 20(TAID) - 1 - (C1 + C2) exp [(D1 - D2 • T) TD] , (15)

),moi(T) - E + FT(16) ,

where equation (5) provides the dewpoint input. C1, C2, D1, D2. and F are fitted constants which depend
on the transmisaometer and the transmission range. Table 5 gives the fitted values for each OPAQUE
location using a 500m path length.

9
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TABLZ 5. Constanta for Moleoular and Water Vapor Transmittance (after Shettle, 1978a).

3.4 - 5.0 MICRONS 8 - 12 MICRONS

CONSTANT YPENBURG CHRISTCHURCH YPENBURG CHRISTCHURCH
Cl 6.536-2 4.84• E-2 5.553E-2 6.7334E-2
C2 -2.658E-4 -2.228E-4 -2.796E-4 -3.024E-14

D1 4.751E-2 5.•17E-2 6.661E-2 6.075E-2
D2 -3.913E-4 -4.1i4E-L4 2.0I44JE-5 2.107E-5

E 0.8661 0.8629 0.9919 0.9857
F 1.40 E-4 1.32 E-4 3.8 E-5 4.0 E-5

AVERAGE ERROR O.004 0.003 0.007 0.007
MAXIMUM ERROR 0.008 0.006 0.022 0.025

The wavelength dependence is slow enough for a-..osols so that Beers Law (equation 6) holds for
relatively wide spectral- regions. The average weighted aerosol extinction for a .5 km path length follows
from equation (12),

-In 
(r -(17)aer .5

All measurements are subject to ran lom 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
observation was due to the two percent pýasible error in the total transmittance measurement. Shields
gives an estimate for the aerosol infrared extinction error range as

- In [exp (- .5(Beer * 8rodI1 H 0 )) ± .02]S- ae Bmoi • ).(8

aer .5 - 4 H2 00 (18)

Tablc 6 shows tho aerosol -xtinctior.s resulting from a 1 2 percent change the total
transmittance. When the aerosol IR extinction 1. low, measurement uncertainty causes 'rost of the
variation. As the extinction values approach I km- , more of the changes in extinction ca( e attributed
to other causes.

TABLE 6. Aerosol Extinction Uncertainty for + 2% Uncertainty In Total Transmission
(after Shields. 1981).

AEROSOL EXTINCTION 3-5 MICRONS 8-12 MICRONS
I• + .02 T - .02 x + .02 -. 02

.01- -.04 0-.04 o

.05 .00 .10 .00 .10

.10 .05 .15 .05 .15

.50 .43 .57 .44 .56
1.00 .92 1.09 .93 1.08
5.00 4.46 5.75 4.51 5.65
10.00 6.86 * 7.05 -

Error in relative humidity measurements, where the hair hygrometer has a five 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 functiono of temperature and relative humidity. An
uncertainty of one percent in temperature gives an uncertainty of .007 kM and .014 km- 1 in the final
Infrared aerosol extinctions for the 3.4-5.0 and 8-12 micron bands, respeytively. An uncertainty of ten
percent In relative humidity yields an uncertainty of .018 km

1 
and .03 km" for the two bands.
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CHAPTER 3

BASIC TECHNIQUES IN ENIROU)EUTAL SINJLATIOU

3.1 Gweeral. USAFETAC/TN-82/004, Basic Techniques in Environmental Simulation, contains a complete
description of USAFETAC's capabilities in the environmental simulation arena. Because the development of
the electro-optics/meteorology (EO/Met) simulator uses so many of these concepts, discussion of the basic
simulation models has been condensed from USAFETAC/TN-82iOO4 and is included In this chapter. For a more
detatled discussion of the statistical background, see USAFETAC/TN-82/O04, Chapter 2. The EO/Met
simulator uses the USAFETAC Multi mariate Triangular Matrix (MULTRI) model to produce a simulated time
series of an EO/Met variable or variables at a single locatton. Therefore, the discussion of the basic
single variable, single station model and the MULTRI model are Included in their entirety.

3.2 Basio Concepts.

3.2.1 Probabillty Distribution, Densities, and Distribution Fmotions. 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 continkous random
variables will be discussed in association with the EO/Met variables. If X(S) Is a random variable on a
sample space S with a continuous image set, i.e., the Image set X(S) Is a continuum of numbers ovar the
Interval set (a < X < b), the probability of the closed interval of X can therefore be represented as:

Pr (a < X < b) - Pr (,s c S: a < X(s) < bi). (19)

For a piecewise continuous function fX' the probability Pr (a < X < b) is equal to the area under
the graph fx between x - a and x - b,

Pr (abX Sb) - fX (x)dx , (20)
aX

where X is the random variahle and x Is a dummy variable. The function fX is the probability density
function (PDF) of X. The PDF fx satisfies the conditions that (1) f Is non-negative and (2) the total

- area under the graph Is unity,

fR fx (x) dx - 1 2(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,

FCx) - Pr (x < x) - fx. f(t) dx, (22)FX(x-Pr(<x)-f

where t is a dummy variable. The CDF satisfies the conditions that:

(1) Fx (x) is monotonically increasing,

Fx(a) < Fx(b) for a < b, and (23)

(2) the lower limit of Fx Is zero,

lim F x(x) - 0, and (24)
X •l

(3) the upper limit of Fx is unity.

lim F Cx) - 1. (25)
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The PDF fx of a continuous random variable X is a derivation of the CDF FX,

fx(x) - dFx/dx > 0. (26)

Probability and cumulative probability are related by:

Pr (a < X < b) - Pr (i < b) - Pr (X < a)

"fl f(t)tdt- fa f(t)dt (27)

- F (b) - F (a)
X X

The probability that a continuous random variable X takes on a single specified value d is zero,

PrCX - d) f(t) - Fx(d) - FX (d) - 0. (28)

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

f (x, y) - xay F xy(X,y) (29)

and the joint CDF is

F C (x,y) - Pr (X < x and Y < y) - jx jyfC(s,t) ds dt. (30) M

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

S- fxY (x,s) ds. (31)

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

Fx (x) - FXY (x,-) - Pr (X < x and Y < -) (32)

- Pr (X < x)

"- f' j'-. frx (s,t) ds dt

- ._f. (a) ds.

3.2.2 Stochastic and Markov Processe:i. The stochastic, or random, process is the heart of
environmental simulation modeling. The process is a succession of values taken on by a random variable
X(t) as a function of the parameter t. The parameter t is drawn from the set T, called the index set of
the process. Random processes are controlled by probabilistic laws. In many applications, the index
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 stochastic process where the index parameter t
represents time. A time series can be produced either in the form of output from a model or in the form
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of experimental data. A time series, in other words, is a sequence of values of a random variable
collected over discrete or continuous time.

In a stochastic process model, a random variable qt can be formed as the sum:

qt " dt + Ct (33)

or a deterministic part dt and a random or stochastic part ct" Typically, the deterministic part contains

the contribution of preceding values qt-,. qt-2, etc., in the series but may also have terms such as I
representing the mean value or q representing a secular or long-term trend in values. The random part c.
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 ct, but in
practice it tends to be either (0) a number drawn at random from a population distributed uniformly 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 variance of 1; i.e.,
N(0,1). That Is to say, ct is either a uniform random number or a normal random number.

If the stochastic process shown in equation (33) above is further assumed to be covariance-
stationary, then neither 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 if t represents time), and the
covariance between two successive values, q and qtdj ; i.e., Cov(qlteq ) becomes A tunction
only of the separation At between the tw8, and does not d end on the absolute values at the index
parameter t. Also, the correlation p between successive values of q becomes dependent only on the
separation At; i.e.,

-P 'Cov(qt,qt+,t) Cov(q ()q At)(4
Pt,t+at " At 2 2 (4

4 t tt+at
.beca u.se oa - o - 0 t~ at ).

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

q t = so + O1qt- 1 + 82qt- 2 + + amqt-m + C t •(35)

where the 8, are the autoregression coefficients, and the ct is an independent error term. In this
formulation, the deterministic part of the solution depends on the lag-one value qt+1 , the lag-two value

qt-2, etc., and the random part of the solution is now an independent error term with mean of zero.

The AR process (equation 35) can be further restricted by applying the first-order Markovian
asswtiption that the value q. of the process at t depends only on the previous value qt-1 . Then the model
becomes :

qt = 00 + O*qt-1 + E t ,(36)

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

At (37)PAt - Pl ,

where p, is the serial correlation for lag At - I. Equation (37) shows that for a Markov model,
realizations spaced At units apart will have correlation

pat.
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,n order to estimate the parameters go and B and to specify the form of the error term ct, qt and
qt-1 that are assumed to be derived Jointly from a bivariate normal population with means:

SU - u (38)

and varianoes:

at. a t1I .-a (39)

This causes the regression function of qt on qt-1 to be linear and homosoedastic (of constant

variance). The conditional expectation of qt given qt-1 is:

E(qtlqt-1 ) - o P(qt- 1 - P) (40)

where p Is the correlation between qt and qt-1 and the variance is:

Var(qttIq 1 ) - 00( - p'), ('41)

which is independent of qt-1"

As shown in almost any elementary statistics text, the standard normal variable (equivalent normaldeviate) z, corresponding to the normally distributed raw variable w with mean (expected value) p, and

standard deviation aw is

z w (42)ww

Therefore, the value of the raw variable w can be calculated from

w = 0w + awZw (43)

Using qtlqt-I for w in equation (43), and substituting from equation (40) for uw and equation (41) for a.

yields

qt u + p (q t-1 - p) + a vri- Zq' (44)

where zq is a random normal number. Comparing equation (44) with (36) shows that:

* - u(1 - p) and B, - 0 (45)

Et - a /1 - 2z q (46)

Equation (4M) can be rearranged and transformed into mean-deviation form using:

v() - q(=) - p(.) (47)

with the result:

vt = PVt-_ + a W-/1 p 2 n (48)

where n, like Zq, is simply a random normal number..N
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Equations (33), (35). and (36). (44), and (48) present a spectrum of increasingly more spocific and
more restrictive stochastic process models. Equation (33) 'is a very general form that can be used to
describe almost any stochastic process model. Equation (35) represents a covariance-stationary. linear
autoregressive (AR) process. Finally, equations (36), (44), and (48) further require the first-order
Markov assumption be made and normally distributed according to the bivariate normal probability
distribution.

Equation (48) is the Ornstein-Uhlenbeck stochastic process model that forms the basis for much of
the present work in environmental simulation modeling. It is a first-order Markov process in which the
probability that a physical system will be in state x, at time tj may be deduced strictly from knowledge
of the system's state x0 at time to and does not depend on the history of the system before to.

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 speed, which roughly has an exponential decay of
autocorrelation rk as a function of lag k, complies with the restrictions of the AR(1) first order Markov
model. 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 meteorological variables,
it is also equally justifiable to treat them as a first-order Markov process.

3.3 Single-variable,Single-atation Model (VISI). USAFETAC's basic environmental simulation model
is an Ornstein-Uhlenbeck stochastic process. This single-variable model is an autoregressive (AR), first-
order Markov process in which each value of a random variable Xt is taken to be a particular value of a
stationary stochastic process. The Ornstein-Uhlenbeck process is well based in the statistical literature
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
value in the time sequence were independent of all others in the sequence. In general, this is not the
case. Whether successive meteorological observations are independent depends on the time separation
between them. The common separation between surface meteorological observations is 1, 3, or 6 hours. At
these separations, successive observations of most meteorological variables are not serially
independent. A goal of a simulation model should therefore be to reproduce this serial dependence between
successive values of the particular meteorological variable being simulated, as well as to reproduce its
probability distribution.

- ~, Assume that the variable to be simuiateu is normally distributed. If the varlate is not normally
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). (Transformation of variables to the normal
distribution Is covered in detail in Boehm (1976) and is summarized in Section 3.4). The joint pormal
density function of two weather variables Xt and Xt+I at times t and t+1 with mean 1j, variance a , and
serial correlation p between successive values is

f tt+(xt,xt)

I 2-2~ 2
1 (xt-xt ) -2p(x t u)(xt+1-1) ( t+l (--- =•exp [--r---,--- J • (M9) •

2mo (i-p )2 2o (1-p

2The joint normal probability of two random variables with the same mean and variance depends only on

P, a2, 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

Pours. If the weather process approximates a first-order Markov process, then the value of the variable
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
the conditional distribution of Xt+, is normal with mean and variance equal to N.

E[Xt+,1 Xt~xt] " + p(xt- 11) (50)

Var[Xt+ 1 1Xt xt] 2( 2 2) , (51)

Lw where xt is the value of Xt at hour t. From equation (51), the larger the absolute value of the serial
correlation p between the values of the variable, the smaller the conditional variance of Xt+1, which does
not depend at all on the value of xt.

=• 
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A time series of synthetic, normally distributed variableb with mean 1, variance 02, and serial

oorrelation p is produced by the equation.

Xt- 1 ,U * p(Xt - u) P nt , (52)

when nt is a standard normal random number, i.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 nt is totally independent of past values of

n as well as past values of X. If the variable being simulated is expressed as an END (which itself is

distributed N(0,11), then equation (52) simplifies to:

lt1 = pXt +v ntP , (53)

(a) (b)

which is an Ornstein-Uhlenbeck stochastic process in two parts, a deterministic part (a) and a random or

stochastic part (b) expressing the uncertainty in the random process. X will have a normal

distribution if both Xt and nt are normally distributed because the central limit theorem states the sums

of independent, normally distributed random variables are normally distributed.

In the case of independence between successive X values (p - 0), the deterministic part (a) is 0 and

the .tochastic part (b) is 1, so 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 Xt+I
does not depend on the assumption that the random variables Xt and nt are normally distributed. This

relationship applies to all autoregressive Markov processes in the form of equation (52), regardless of

the distributins of X, and nt. However, if the variable Xt at time t is normally distributed with mean u

and variance a and if the nt values are independently normally distributed with a mean of 0 and 'ariance
of 1, then the generated X's ror t > 1 will also be normally distributed with mean u and variance al.

3.4 Tranaformation to the Wornal Distribution. In order to apply equation (53) to a weather

variable that is not normally dastributed, one must first transform the non-normal variabl.e to its

equivalent normal deviate (END) e. The transformation to the normal distribution is referred to as

trananormalization. The probability density function of the standard normal distribution is given by

(u) - exp(-
2
u /2). (54)

The cumulat've probability that the random variable X is less than some threshold xT, whose END is

E, is the Integral of the standard normal density function from -a to E

-(x T ) - Pr IX < x I - f6 *(u) du. (55)

The probability Pr (X < xT) Is thus actually the area under the standard normal curve from -- to

E. Figure 4 snows the shaded area for an integration of the normal probability distribution from -- to E,

which yields a cumulative probability 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 probability distribution can be used, rational approximation

works better on a computer.

Figure 5 depicts the empirically determined cumulative frequency distribution Pr (V < vT) of the
visual extinction at Ypenburg for October at 0400 MST, where V represents t I e extinction per km and vT is

some threshold vai le of the extinction. For an extinction of vT - .45 km - the probability that Pr TV <

vT) is 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 .45 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 T. TraneaormalizatJon tru Visual Extiuotion
to an END for Ypenburg, L. at 0400 MUT. Ootober.

Visual Cumulative
Extinction Probability END

.10 0.05 -1.645

.20 0.16 -0.994

.30 0.25 -0.674

.51 0.39 -0.279

.75 0.50 0.000
1.01 b.59 0.227
2.50 0.82 0.915

LI .L_
0.3

-4--
0.2 ]1 t~

0.1 r-0.3511I

.3 -2 .1 0 1 2 3

U

Figure 4. Normal Probability Distrlibtion Integrated
from - to 9, Yields a Cumulative Probability of 0.351.
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"1T- .45 m -I

THRESHHOLO VISUAL EXTINCTION VT (kmW)

rFiure 5. Cumulative Distribution Function of the Visual Extinction
at Ypenburj for October at 0400 MIST. The CDF Is fron the OPAQUE data
and the modeled distribution is the Johnson single-bounded (lognormal).
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Using the normal transformation, every extinction corresponds to an END Of that extinction. Since
ENDs are in themselves normally distributed with a mean of zero and variance of one, they can be used as
random variables in the OrnateIn-Uhlenbeck process represented by equation (53). Such a process for
extinotion (not normally distributed in general) Is

-t+1 . Pvv vt 0 m1vv nt (56)

where v values are ENDs of the visual extinction.

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

Pvv - 0 . 94 5 At (57)

where At is the time step (unity in this case). Applying the Ornstein-Uhlenbeck process in equation (53)
using a generated random normal number nt - 0.325 yields:

v t - (0.945) (-0.279) * (/1 - 0.9452) (0.325)

(0.945) (-0.279) + (0.327) (0.325)

- -0.263 + 0.106

= - 0.157

which corresponds to a visual extinction of about .601 km- . At the next time step, Vt becomes -0.157.
Another random normal number is drawn, say -0.102. Tnen:

v -t+ = (0.945) (-0.157) + (0.327) (-0.102)

- -0.1•8 * 0.033

- -0.115,

which corresponds to a visual extinction of about .688 km-
1

If continued, this process will generate a time series of the visual extinction whose probability
distribution is the same as the distribution specified Initially within the limits imposed by sampling
error. 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 p and by the first-
order Markov assumption. It is possible to determine a value of Pvv that willbest -fit- a gaven
distribution of durations.

3.5 Two-variable, Si1ne-station Model ( l2S1). The simulation model expressed In equation (53) Is
severely limited, In the sense that it can be applied only to a time series of a single variable. 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 c and v for relative humidity and visual
extinction, respectively, the time series advance by separate Ornstein-Uhlenbeck equations desired by the
VlSI model,
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"/ 2 (8
t+1l PoCc t 0 Poo (58)

" ~2
It+l "vvyt + v P/1V- nv (59)

To produoe time series of humidity and extinction that are oorrelated across variables (i.e., cross-
correlated), the stochastic parts of equations (58) and (59) must be linked. This is done by generating a
random normal number of extinction that is oorrelated with that, no, previously generated for
humidity. To do this, the prooedure is tirot to generate an independent no and then to set

'v .Pv no + " Pe2 n* (60))I

where n is another independent random normal number and pov is proportional to the cross-oorrelatIon
between ENDs of humidity and extinotion. Equation (60) is the generation algorithm for produoing ENDs
having the correlation povI

In the case of Independence when pov . 0, nv - n and equations (58) and (59) genlrate unrelated time
series of humidity and extinction. In the case of perfect positive oorrelation, when pay - 1,

rlv - ncy

the time series for extinction will depend completely on that for the humidity. If p o and pvv both are
one, the two time series will be identioal except for a shift due to differing Initfal values. In phe
Intermediate case, extinction and humidity will be partially correlated according to the value of po,
which is proportional to the correlation pov between humidity and extinction. The process is depictedIn
Figure 6.

6T DCC CýT+1

Pcv -IOcv

V;T ý;T VT1

Figure 6. The O-U Simulation Procees for the Two Variable Case.

The serial correlation Pcc between humidity at t and humidity at t+1 is preserved, as is the
correlation pvv between extinction at time t and extinction at time t+1. The correlation p. between
humidity and extinction at the same time is proportional to Pv through a constant of proportional f.
Whiton and Bereoek (1982) show this constant of proportionality to be:
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, 1 C0 PVV r
P2r 2- v cv

cc v

The factor f reduces to I when p-C - Pvv but otherwise is greater than I, so

Pcv ,- cv "

From equation (60), the real solutions can be obtained only if P;V is less or equal to unity.
Hence"

f P <1 , and p v < "
cv -v - f

Thus, the mathematics impose an upper limit on the cross-correlation this model is capable of
producing between the two variables. For example, If 0c, - 0.8, Pcv " 0.4, and f - 1.24. then pc cannot
exceed 0.81. In this case, the model in its present form cannot simulate "c" and "v" whose ENDs are
cross-correlated more strongly than 0.81. This upper limit on Pcv depends on p-c and Pvv and must be
treated on a case-by-case basis. In the special case where pcv - Pc,, cross correlation values up to 1.0
can be simulated.

The V2SI model does not explicitly preserve what is known as the cross-lag correlation, such as
pvtct+l, the correlation between the extinction at time t and the humidity at time tl1. gWhiton and
Bereoek show that the cross-lag correlation reduces to the product of autooorrelation of the first
variable and the cross correlation between the two variable,

S Pccv. (62)

This is equivalent to saying that, for the V2Sl model, the cross-lag correlation reduces to the
automatic correlation between the two variables. Figure 7 shows the applications to the V2S1 model.

CT Pcc CT+l

.0,

000

pcV PCT4.lVT DCV

V"T - vY VT + 1

Figure 7. Correlation Inr1uenos Diagram for the Two-Variable O-U Model. The cross-lag
correlation is shown as a dotted line because i. reduces it to automatic correlation in this model.
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Whether this Is true in nature is another, question. A model Is a simplification c.- generalization
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 visibility are very equal to automatic
correlation. Whether this is true or at least approximately true for other variables is subject to
verification using actual data.

3.6 The Multivariate Triangular Matrix Model.

3.6.1 General. Although the VlSi and V2S1 models are excellent for time ser'es of one or two
variables, few simulations are limited only to two variables. Thet Multivariate Triangular Matrix (MULTRI)
model is capable of generating an independent vector of N correlated elemonLs. These elements can
represent several variables at a single station or a single variable for different time steps. Whiton and
Berecek (1982) show the MULTRI model for two variables reduces to the V2SI Orstein-Uhlenbeck model. The
MULTHI simulation model allows more flexibility than the VISI and V2SI models.

3.6.2 The Varianoe-Covarlanoe Matrix. Let X be a vector stochastic variable consisting of J - 1,
2, 3, ... , M scalar variables Xj and k - 1, 2, 3. N observations 1, such that:

jj
J.

X~I X12 "°" XIM

Xjk] X21 X22 ... xk (63)

XNI XNM

The kth observation of X is the row vector:

Xk - (Xlk X2 k . X Mk. (64)

The randcm vsroabl_ X can be expressed in terms of its deviation from the mean X by

x - X . (65)

The sum of the squares and cross products (SSCP) in raw-score form is the symmetric matrix X'X:

EI EX' Z X,X= . . • , •-rX'X, zx, 2  ... . X=X

X'X - (66)

Similarly, the deviation-sco-e SSCP is

Erx" xx 1  ... Exx~4

x'x - (67)

x xmx ... .2

The two are related:

x'x = X'X - V'X , (68)

which gives the computational rule fo- obtaining x'x.
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An unbiabed estimate of the dispersion or variance-covariance matrix D is given by dividing the

elements or the deviation-score SSCP by the number of degrees of freedom, i.e., N - 1.

N

D -- -k-k x (69)

or

I N

D - Nr x x
ij I k-i ik jk

where k is a datum index varying frcm k - 1 for the first vector x to k - N for the final vector. Note
that D is a symmetric (M x M)-dimenalonal matrix. The maximum likelihood estimate of D is given by:

D -- - N - -X (70)
- Ex') N k k

or:

Dij N X x . (71)

The maximum likelihood estimate is used in this and Aimilar contexts because as long as N' data are
independent out of N total data, the variance-covariance matrix will be positive definite. Such a matrix
is, in theory, invertible. The maximum likelihood estimate is biased; variance-covariance estimates will

be smaller, on the average, than they should be. The bias is not a problem in this application.

The variance of a variable X is:

1 N
OXI - EC (X - uX)

2 ) - E[ (X - ux)(X - ox) E - (Xk- Ux) (Xk - WX). (72)
k.i

The covariance between two variables X and Y is:

'N
E E[ (X - uP(Y - Py) ) - E (X P - (( - (73)

The linear correlation py between X and Y is simply the covarlance between X and Y divided by the
product of the standard deviations of X and Y; i.e.,

oxy
PXY a X

ors

(x - ux) (Y - um)
PXY = . X Oy ](

Note thut the covariance of X with X reduces to the variance X- i.e.,

xx E[ (X - Px) (X - ux)] E[ (X -ux) ox (75)

The covarlance between a variable X1 and a variable X2 Is:

1 N 1 N

al " E (X - X ) (X " Z XIX2 (76)
12 Nk-1 1 1 2 2 N-k-i
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and between X1 and X13 is:

a13 N Ek-oI X 3 (71)

Thus, the variance-covariance matrix D can be written as:

0i
a 11 012 a 1M222 .. (78)

0M 1 '7M2 '" aH

or:

S012 ... a
=21 02 Mo (79)

;M . ...... a°M1 0M2 "M0

Because

OXY -ao X a XY (80)

the variance-covariance matrix can be written as:

01 2102".2 ''" 0 1aMP1M
a 2aIP1 o2 "" 0 2aP 21t (81)

";2 IP2
°l°'M ...

The form of the variance-covariance matrix D is suuh that the sample variances a, are along the
main diagonal anJ the sample covarianoe oij, iOj are the off-diagonal elements.

In tne special case or a random variable X distributed normally with a mean of zero and a variance
of one; i.e., N(O.1).

0- o (82)

x - X (83)

xIx - XX (84)

ands

_- E, (85)

where R Is the correlation matrix, given by:

21 - (86)

which in syametrio.

If the vector stochastic variable X hao the multivariate normal probability distribution, then the
probability density function of X is:

t(X) - exp[ - I X)'D (X - k ] (87)
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where represents the determinant and D-1 
is the inverse of the variance-covariance matrix D.

3.6.3 The Lower TrilnulAar Matrix. Random multivariate normal vectors X with a mean vector Jx

and variance-covariance matrix D can be generated by using a theorem (as shown in Whiton and Berecek,

1982) which states that if n Isa standard normal vector containing Independent normal variable components

n, each distributed N(O,1), then there exists a unique lower triangular matrix C such that

- C D +X • (88)

where C is an (M x M) matrix and X and u are (M x 1) column vectors. Here.

n - In)I can be formed by selecting random normal numbers from a population distr~buted N(0,1). In this

"case X- j) is the (M x M) variance-covariance matrix,

P - C'C . (89)

and the generation matrix C is obtained by a lower triangularization of the desired variance-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 In the vector yx" By

this method it Is possible to generate correlated random normal numbers. If the covariances of D are

zero, the elements or the generated X are then uncorrelated; I.e., Independent. Consider a case in which

It is desired to generate X in three components,

[X, X1 2 X,] (90)

with mean

ux- III uS U,] (91)

and variances and covariances given by:

I o, aPia oxoi, I -1

0D- 31201p 03oo02, (92)

0801011 020082 0

In this case,

010 0

C- 02021 22 0 (93)

21

3321 0 302 2 32-031
03P31 03 1/1 - 231 2

21 (0 021)

The generation algorithm for the vector X (equation 90) Is:
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X1 0ln1 
1

X2  02P21 2l, 02 / 1-02 n2 u2 (94)
xlPG2nP 21 22

X3 a3P31'1 + 13- 2 n2  3 P1 2_,31 ( 1P )2 3.

-/ P2 31 32 - 3 2 1
(1-021

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

k - 0 C - 1 (95)

and the generation algorithm reduces to

X1 n,

X2- P 2lI
1

r ,/ -P 21 n2  (96)

P3-03iP p 2 1

X3 P301n + I... .. .... (P 2 n
2 / -31 - (P32-P31021) 3-P p21

where n , n2 , and n3 are numbers drawn independently fron a population distributed normally with a mean of
zero anA variance oF one.

In practice, these analytic expressions for the lower triangular matrix C are not needed. One
simply forms the desired variance-covarlance matrix D (or the correlation matrix R ý X is to be
distributed N(0.1)), lower triangularizes that matrix by the Cholesky procedure (see Se--cti- .3.6.4). and
uses it and the mean vector jjx in the generation algorithm (equation 110). The independent random normal
numbers _n are produced eitner by using a pseudo-random normal number generator directly or by using a
uniform pseudo-random number generator and any of several suitable transformations.

3.6.4 Cholesky or "Square Root" Faotorization. If A Is 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',

A - S S'. (97)

The Cholesky method is extremely stable, never requires interchanging to avoid small 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 Oy calling for division by zero or attempting to take the square root of a negative
number.

The Cholesky or square-root algorithm for factoring the real, symnetric, positive definite matrix A
r [3j] of order n into a lower triangular matrix S - Cs,,] and its transpose consists of three rules:

ai 1s a J 1 (98)
S /al 1 5 i S n

s ,ai - k2 j > 1 (99)
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aUai -JLa~e~ a

a j k. iI('jI j >1ISj < I I (100)

Finally, a - 0 for all j > I. These rules are implemented column-wise, starting with the leftmost
column (J - 1) and proceeding down each column (toward increasing I).

The generation algorithm of equation (88) can be iliustrated with a test case. Suppose It is
desired to generate a vector such as, X - [Xj X3 X, X,] , of standard normal variables distributed N(O,1)
having the correlation matrix,

t.0 0.8 0.7 0.3

0.8 1.0 0.6 0.4
R- D-

0.7 0.6 1.0 0.5

0.3 0.4 0.5 1.0

The Cholesky reduction procedures the lower triangular matrix C,

1.0000 0.0000 0.0000 0.0000

0.8000 0.6000 0.0000 0.0000

0.7000 0.0667 0.7110 0.0000 I
0.3000 0.2667 0.3829 0.8321

The transpose of C is:

1.0000 0.8003 0.7000 0.3000. .

I 0.0000 0.6000 0.0667 0.2667 I
C' -

I 0.0000 0.0000 0.7110 0.3829

0.0030 0.0000 0.0000 0.8321

from which it can be verified that: C' C - D .

The matrix C is then used to generate values of X by performing the matrix-vector multiplioation of
equation (88) wit' successive values of n.
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CHAPTER 4

CMIJATIVE DISTURDSTIOU FWICTIOUS OF

RCTDO-OPTIC&L AND DUTMROLOGICAL VARIABIZS

4.1 General. For each simulation using the Ornstein-Uhlenbeok stochastic process (Equation 48), a
raw variable must be expressed as an equivalent normal deviate (END). The trananormalization procedure
described in Section 3.4 for oopverting a threshold xT to a cumulative probability and then normalizing
the probability can be applie to all the variables in the OPAQUE project. However, the graphical
technique is impractical for even a small number of simulations. A more appropriate alternative is to use
linear regression techniques to fit variously shaped 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 fOnction. Correspondingly,
continuous variable estimates can be obtained by evaluating the function inverse

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/Net variables. However, there are several restrictions which limit the
number of possible CDFs. The CDF must be of a form that allows inverse trananormalization; i.e., the CDF

must be readily solvable for the threshold value xT as in equation (102). F-1 will exist it the function
P is continuous and monotonically Increasing. "In general, polynomials produce negative frequencies
because they do not monotonically increase, and are therefore unsuitable for modeling. The CDF must also

be reducible to a linear form since the CDP modeling coefficients are to be derived by standaro linear
regression. The CDF should be in closed form, which allows a solution by direct substitution rather than
by numerical integration or tables. The number of modeling coefficients should be relatively small;
i.e., two coefficients will substantially reduce computer time and storage.

Considerable work has been done using the above constraints with some of the EO/Met variables
available in the OPAQUE data base. Somerville et al (1979) developed a modeling scheme for visibility
using the Weibull distribution (our first guess for the OPAQUE visual attenuation/extinction). Husar et
al (1981) worked extensively with visual attenuation using the Johnson single-bounded (lognormal)
distribution. Somerville 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) hnve
employed the Johnson double-bounded distribution to model sky cover.

No previous work has been done modeling broad-band infrared empirical distributions. USAFETAC/DNY
developed a program that allows a rapid graphical comparison of the empirical distribution of a data set
with each of the standard distributions being considered as a model. This program follows the probability
plot concept 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 empirical distributions of the broad-band

infrared data.

4.2 Distribution Fitting Approach.

1.2.1 BMW% Deta. A prerequisite to modeling empirical distributions is to rank order the
observed data. Boehm (1976) suggests a cumulative probability can then be assigned to each observation.
The probabilities can then be applied to a linear regression 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 Is what Panofsky and Brier (1965) call organizing data by class
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 threshold value x of the previous bin. The class interval or bin width
becomes (xT - xT1) and the cumulative probability for that bin is Pr(X < xT). It is these cumulative

Sprobabilities that are used for the mathematical modeling.

6 The number, size, and width of bins is a matter of optimization. Fewer, larger bins mean more data
in each bin with a corresponding smaller error due to sampling. Smaller, more numerous bins have a
greater sampling error, but Interpolation error Ia 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 smoother transition In bLn
size from one bin to the next and reduce the number of empty or low count bins. Correspondingly, smaller
bin widths in data rich spectrums will provide a better curve fit for the modeled 

1istribl'tion.

The final choices for the threshold valuos xT. and bin widths (xT - XTI) resultsd from evaluations
of how well the modeled distribution matched Lhe empirical distribution. "Lable 8 shows the threthold

values for the OPAQUE variables fo" which modelJng parameters were eventually developed. The la3t
threshold value for each variable Is set to a high enough value to include all observations greater than
the last interior threshold value. The rG.InnImn exterior threshold boundary, which is not shown, often
equates to zero. The only exceptior to tnis is the equivalent aerosol I0 extinction. Because of errors
in the m.easurements and approxhiations l LOWTRAN derived aerosol IR transmission, values greater then ICO
percent are possible. With the cinversion to equivalent aerosol IR extinction, values less than zero art
also possible. -Therefore, the mlnir.un extericr threshold boundary for aerosol equivalent IR extinction is
set to -. 2 kM

TABLE 8. Threshold Values•, for the OPAQUE EO/Kit Variables.

Visual Attenuation/Extinotion No' 1

.05 .10 .12 .14 .16 .18 .20 .22 .24 .26

.28 .30 .35 .40 .45 .51 .55 .60 .65 .70

.75 .80 .85 .9C .95 1.01 1 50 2.00 2.50 3.00

Aerosol Infrared Tranamission (M)

30 60 90 91 92 93 94 95 96
97.5 98.0 98.5 99 99.5 100 100.25 100.5 100.75 101

101.25 101.25 101.75 101 103 105 110

Equivalent Aerosol Infrared Extinction (kn-1)

-. 10 -. 03 -. 015 -. 001 .005 .01 .015 .02 .025 .03
.035 .04 .045 .05 .06 .07 .08 .09 .10 .15
.20 .43 .60 .80 1.01 2.50 20.00

10 Wind Speed (smaec -1)

1.5 2.5 3.5 4.,5 5.5 6.5 8.0 9.5 15.5 25.0
2s Wind Speed (iseo-1)"

1.0 2.0 3.0 4.0 ý'.0 6.1 7.0 8.0 9.0 50.0

Cloud Cover (otas).

1 2 3 4 5 6 7 8

1.2.2 Trsuno.-mal rtation. Figupo 5 ,how) an example or the conversion from a cumulative
probability to a norm'; probai'ility. Ps noted in Faragraph 3.4, a rational approximation, rather Lhan
normal probability tatles, vorks best for computer 5imulatit.ns. There are several rational approxlmatiorLI
that can be used. USAFETAC uses the rational approximation by Hastings (Abramowitz and Stegun, 19643 in'
the simulation effort. to convert cumulative probability to an equivalent normal deviate (END).

USAFETAC subroutine ENORMP calculates the END corresponding to the cumulative normal protability
that a normally distrihuted variable X is !•ss than some threshold xT. The subroutine Is based on
equation 26.2.23 from Abraunowitz and Stogun,

(C0 + CIT +CT )
E(P) - T 2, + 3 (P), (103)

1 + D, T + D•T4+ DT

where the absolute value of the error in the probability returned is Ic(E)I< 4.5 x 1C- and

T V/ln 1(104)
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The constants for the polynomial approximation are:

Co - 2.515517 Di - 1.432783
C, - 0.802853 Di - 0.189269
C2 - 0.010328 Ds - 0.001308.

The resultant END corresponds to a right-tall integration of the standard normal distribution. For
probabilities greater than 50 percent, the subroutine uses the complement (1 - P) to give the left-tall
integration from - to E. For protsbilities 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; i.e., less than or equal
to .0005 and greater 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 less than some threshold xT whose END is E. This is the
Integral of the standard normal distribution from -- to E. The polynomial approximation from equation
26.2.18 of Abramowitz and Stegun provides th6 transformation,

P(E) - 1 - .5 * (1 + CIE + CE + CjE + CE") E -(E) , (105)

where the absolute vilue of the error in the returned probability is Ic(E)I< 2.5 x 10 The constants
for the apprrx'mdtinn are

Ct - 0.'9685L4 C, - 0.00034I

Ca - 0.115194 C% - 0.019527.

For computation efficiency in the algovithm, th'e inverse 4th root of one half (1.1892071) can be
factored into the constants (ircludinj unl:y) cf equ.tlIon (105). This substitution yields:

I % 4 -4

P.1,E) -I F*C E + CF - ?.E ) - (106)

The constants for this form of the approximallon are:

Co - 1.1892071 ý*3 - 0.0004OqI

Ci - 0.2341002 C, - 0.02327.16.

C2 - 0.1369895

To further reduce the number of mathematical operations necessary to stolve equntion (105), the term
in parentheses nan be evaluated in factor form:

W - Co - E C C, + E [C, + F (C, + CýE)]I , (107)

Substituting equation (107) into enuation (106) the approximation becomes: I
P%'E) - I - W-4 • (108)

This equation uan also be? expresscd as:

P(E) '•, - [1/(W •W .U * W)] . (109)

For, cases of negative ENDs, equjaion (106) becrces: -

P(E) = (CO . E { - +I * E [C 2  + E (-C 3  + C 4 )]} . (110)

r29



The constants Co through C% have the came values as for the case of positive E. The factored form

of the term in parantheses in equation (110) becomes:

w. CO C + E [ C2 + E(-C 3 + c4E)]. (11)

Substituting equation (111) into equation (106), the approximation becomes:

P(E) - -4, (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 probabilities extracted from the
CRC Handbook of Tables for Probabilities. All derived probabilities are well within the accuracy required
for simulation models.

TABLE 9. CoMprson of Hastings Equivalent Normal Deviate
Probabilities using USAFKTAC Subroutine PNORBJ with
Probabilities from CRC Handbook of Tables for Probabilities (1968).

END PNORME Probability from Tables

-3.5 0.00037441I 0.0002
-3.0 0.001157918 0.0013
-2.0 0.02256308 0.0228-i .0 0.15887636 0.1587
0.0 0.49999976 0.5000
S1.0 0.84112364 0.8413
2.0 0.97743696 0.9772

3.0 0.99842083 0.9987
3.5 0.99962562 0.9998

4.2.3 Evaluating Curve Fits. The goodness of fit between the observed and calculated cumulative
distributions is evaluated in terms of the root mean square difference (RMS) between the observed
cumulative distribution for all threshold values and those values for the mathematical function. The RMS
is defined by:

1 N (O.T) 2

RMS = , r. (114)
J.1x

where 01 ar,,! T are the individual elements of the observed and theoretical distribution and N is the
total r.dm.,er •. adta pairs. 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 FESMAX can be minimized by careful selection of bin threshold values.

Table 10 contains the curve fit information for the 10m wind speed for April, 0500 MST.
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Table 10. Observed and Calculated Cumulative Frequency Occurrence Pr
(X < .r) for Ypenburg 05M0 MST April 10m Wind Speed.

Observed Weibull
Threshold Cumul at Ive Cumul at'ive
Wind Speed Frequency Frequency Residual
ST-1 S-<sT S <ST Residual Squared

1.5 11.9 13.1 -1.2 1.44
2.5 28.7 28.1 .6 .36
3.5 44.6 44.0 .6 .36
4.5 58.4 58.7 -. 3 .09
5.5 71.3 71.0 .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 .1 .01

The 10m wind speed, which is modeled using the standard Weibull di3tribution, contains nine
interior bin thresholds. The sum of the residuals is 8.17 for the nine data points. The last cumulative
value is set at 100 percent and is therefore not used in the RMS calculations. Using these values in
equation (114) yields: RMS - /I.17/9 - .908%

The RHS of .908 percent and RESMAX of -1.4 percent are among the lowest of any curve fits. This
leads to a possible error of about 3 percent in using the Weibuli distribution for the I0m wind speed.

Normally, the RMS provides a good indicator of the closeness of fit; I.e., the lower the RMS the
better the fit. In the 10m wind speed example, the theoretical distribution is an excellent
repreoentatlon of the empirical distribution. In some cases, however, the RMS can be low while the RESMAY
over a portion of the curve fit can be quite high. For example, the RMS for the Ypenburg visual
extinction lognormal curve fit for July 1200 MST is 3.77 percent. The RESMAX is -10.59 percent whict
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 coefficients.
Appendix D oontalns a sumimary of curve fits 'for Ypenburg,

TABLI 11. Observed and Modeled Cumulat ive Frequency Ooeurrenoe
for Ypenburg 0700 HST J'aly Visual Extinction (lognortal distribution).

Observed Lognormal
Threshold Cumulative Cumulative
Equivalent Frequency Frequency
Extinction B bT B bT

(km-) (5) (M)

.05 0 0

.10 2 6

.12 8 12

.14 19 18

.16 25 26

.18 34 33

.20 48 40

.22 55 47

.24 64 53

.26 66 59

L.3 Mathematioal Funotionm to Model Cumulative Frequency Distributions.

4.3.1 Johnson Double-Bounded Distribution. USAFETAC'a basic modeling equation for sky cover is
the Johnson double-bounded distribution, which is a member of the Johnson family of curves. The Johason
family of curves Is especially useful since they are monotonically Increasing fiunctions, which alleviates
the probiem of most polynomials. Additionally, they allow for direct transnormalIzation without the
generation of an intermediate cumulative probability. Somerville et al. (1978) first used the function
for fitting skY cover distributions.
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Mhe equation for the Johnson double-bounded curve is:

x - L
x- ÷.nn( -Y ) , (115)

where Y and n are the modeling coefficients determined from an empirical distrPibution, x is the
threshold, L and U are the lower and upper bounds of the curve respectively, and x is the WD of the
cumulative frequency that the variable iS less than the threshold value. The Johnson double-bounded
distribution is 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 sky coverage. Therefore, equation (115) becomes:

x - T * , in , (116)

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

X~~~ -x 17
( )-

XT + exp

1expar T un a I
The values of Y snd n are obtained using a standard linear regression (USAFETAC subroutineJHiNCOF). The values at x corresponding to the percentage at time that the sky cover is less than some h-

threshold is 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 data pairs are passed to the regression scheme.

4.3.2 Johnson Simgle-9Horded 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 is the Weibull curve. Initial efforts centered on using the Weibull
distribution for visual attenuation/extinction. However, the lognormal distribution (Husar at al, 1981)
provided much better curve fits than the Weibull.

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

F W - fo 1 exp (-(lnx - ,)2 (118)x /2102

is not in closed form. However, the lognormal distribution, as a member of the Johnson family oa curves.
is in a c'osed form which allows tranenormalization directly without calculation of an intermediate
cumulative distribution. The equation for the Johnson version of the lognormal distribution, which is the
rorm that will henceforth be used, is (Boehm, 1976):

x - Y + n In (xT - k) , (119)

where Y and n are the modelina coefficients determined from an empirical distribution, xT is some

threshold, k Is a constant, and x Is the END of the cumulative frequency that the variable is less than
the threshold value (Pr (X < XT)).

The lognormal distribution Is particularly suited for distributions that are bounded on one end,
where k is the lower bound the variable can assume. Often the value k is known to be zero, in which
equation (119) reduces to the two parameter lognormal distribution (Johnson and Kotz, 1970),

x - Y + n in xT. (120)
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To obtain values of visual attenuation/extinction, equation (121) must be solved for xT (USAFETAC
subroutine PLOGNX):

X T - exp( x-Y (121)

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

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

P - 1 - exp (- a XTB) (122)

where a and B are the modeling coefficients from empirical distributions, xT is the threshold, and P is
the probability that the actual observation X is less than or equal to 'cT, Pr(X < XT). USAFETAC
subroutine ENnRMP completes the transnormalization process. Threshold values are obtained by solving
equation (122' for xT (USAFETAC subroutine XWEIBP):

XT - (ln ( P)) le (123)

The values of a and B are obtained using standard linear regression (USAFETAC subroutine FTWEBL).
Since the Weibull cumulative distribution 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
tvather than raw variable space. A weighting function WF is applied to each data point that produces a
minimum error in raw variable space. AppendIx B describes this weighted linear regression technique.

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

P - C * (1 - C)(1 - exp (-a x.18) , (12t4)

where C is the probability 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
parameter Weibull provided better curve fits than the three parameter version. The probability of calm is
now included in the first cumulative probability bin. For exaLnple, for the 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 is justified since 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
distribution (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 Normal Distribution. USAFETAC's basic modeiing distribution for temperature and dewpoint
is the normal curve. As noted in Paragraph 4.1, polynomials usually are not suitable for
transnormalization because portions of the curve with negative slopes produce negative frequencies; i.e.,
the curves are not monotonically increasing. However, a first-ordpr polynomial of the form:

x - a + bx (125)

where x is the raw variable rather than a standard variable, can give the trananormalized cumulative
Sprobability directly without calculation of an intermediate probability. Equation (125) 13 simply the

normal 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 standard deviation S to the linear
- quation forms

x ( Cx - 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 coefficients rather than generating cumulative probabilities. To recover a threshold, equation
(125) can be solved fcr x:

x - a
x xT -b X s + M (127)

4.4I Probability Plots./

4. 4.1 Graphical Evaluation of Cumulative Probabillties. One traditional method of selacttng 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 is well defined. identification of a particular NRb from the
histogram can be rather difficult. Since all the distributions USAFETAC uses for simulation are of the
cumulative type, this method Is not suitable for selecting a distribution. Identifying a particular
distribution from a histogram of a CDF is nearly impossible.

The probability plot technique (alternatively called quantile-quantilo or Q-Q plot) described by Law
and Kelton (1982), Gr!ngorten (1963), and Kimball (1960), reduces the comparison of the distribution of
data with a mathematical distribution to an evaluation of how well a data plot fits a straight line.
Although probability plots do not always indcate a suitable modeling distribution, the technique does
provide a great deal of information on how various sections of an empirical distribution follow certain
mathematical distributions.

The objectives of the probabillty plot technique are to reduce one of the standard distribution
functions to a linear form, evaluate this equation in terms of the cumulative probability, and plot the
ra%' variable (abscissa) against the result (ordinate). The general form of a linear cumulative
distribution function is:

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

where A and B are the lopation and scale parameters respectively, x is the threshold value, x is the
cumulative probability. M(x) is some function of the cumulative probability, and N(x) is some function of
the threshold value. Typically, a cumulaUtvc distrlbuti-n function must be solved for N(x) to be put in
the form of equation (128), which gives the function Inverse F I(P). A plot of each raw variable XI
against N(xi) will produce a straight line, provided the distribution of the data is the same so 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 location parameters will still produce a straight 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 I respectively.

I4.4.2 Hatimatea for Cuuulative Probability. The cumulative distribution function FX has been

defined as (equation 214): --

F . Pr (X < x)

If the data to be analyzed is rank ordered in ascending order, each data point becomes what Law and

Kelton call the ith order statistic for all th6 XI's. A reasonable approximation to FX is the proportion
of all XY

1
s that are less than x. A simple I/N estimate tends to give slightly biased results,

particularly for the extremes of the cumulatite probability. Kimbnll (1960) shows that the estimate of
the empirical cumulative distribution function FX can be represented as:

i

F (X ) . (129)

Gringorten (1963) gives a more general form for

Fx(Xi) - A
X I -N + -2 A (130)
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where 0 < A < 1. The value that A takes on depends on the type of function M(x) is in equation (128).
The most frequently cited value is A - .5, which yields:

i - .5
F (X ) . N (131)

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

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

F (X ) - (132)

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

i -(X N + .25 (133)

4.4.3 Generation of Qantiles. The Johnson family of curves (equations 115 and 119) are already
in the linear form of equation (128):

- xT - BL
x -Y + n In k BU - X.1T

x Y y + n In (xT - k).

Using estimates for the location and scale parameters as 0 and 1 respectively, the above equations
tbeoume 3

n B Ux T -- 1B L3, )In ( x-;- x (134)

in (xT - X) - . (135)

Equations (134) and (135) are in Inverse function F-1 form. The user supplies the upper (BU) and
lower (BL,k) bounds for the Johnscn distributions. In many cases, the lower bounds oan be set to zero for
metcorological variables. A small Increment (.001) is added to the terms in parenthesis in to prevent
taking logarithms of zero. USAFETAC subroutine ENORMP converts the cumulative probability to an END.
Since equations (13!) and (135) both involve the exponential of an END, equation (133) provides the
estimate of the cumulative distribution. The plotted points for the two Johnson curves, therefore, are in
the form of:

(F(X ), F-( - .375 (136)
-N .25

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

Conversion to a linear form, where Q -1 ,I taihfrad
P 1 - exp(137)

Z!
en Q - - "T")
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in (-In Q) - a in xT - a in B. (138)

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

In xT - in (-In Q, (139)

Since equation (139) involves the double natural logarithm of a function of the cumulative
probability (1-P), equation (1.2) provides the estimate of the cumulative distribution:

-. i N - i*1

Fx(X ) " 1 - N -- N +" (140)
X I N+ 1 N+1

The plotted points for the Weibull distribution must be in the form oft

(in XI, In (-in N - 1 (11)

Since xT In equation (137) must be positive, an offset is added to all X,'s in equation (141). This
orfset is equal to the absolute value of the largest lower boundary of the variable, which allows all
input Xi's to be positive.

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

xT - x - (142)

The END again is calculated by the algorithm of Abramowitz and Stegan described in Section 4.2.2.
Since equation (142) involves an END, equation (133) provides the estimate for the cumulative
di3tnibution. The plotted points for the normal distribution are in the form of:

(Xi, F 1 ,I_- 375 (143)
N + .25

The exponential distribution is given by:

x T
F(X) 1 - exp (144)

where 6 is the scale parameter. Note that for a shape (a) parameter of 1, equation (137) for the Weibull

distribution reduces to exactly the exponential distribution. Equation (144) is easily reduced to a
l~near form,

xT 8 in (1 - F(X )). (145)

For a scale parameter of 1. the inverse function F
1 

beoomes:

xT - - In (- P). (046)

Since equation (146) Involves thie probability, equation (132) prcvydea the ostimate for the

cumulative probability. The plotted points for the eroonentlal distribution therefore ore In the form of:

(X' - in ( - I 1(147)

4.4.4 Quantile Plots for Selection of CD~s. The quantile plots give a visual assessment as tohod well the empirical distribution fits a particular mathematical function. A straight line indicates
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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-axls represents the first quantile for each distribution. For the normal and exponential
distributions, the first quantile is the raw variable. The first quantile for the two Johnson curves and
the Weibull distribution is a function of the natural logarithm of the threshold and boundary
conditions. The second quantile x-axis plot is a function of the estimated cumulative frequency.

Figures 8 through 12 show quantile plots for the five test distributions using the Ypenburg visual
extinction for 0300 MST February. The visual extinction was eventually 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
st-aight line and could never be considered as a model for the visual extinction. The exponential and
Welbull distributions, although closer to a straight line than the normal, are still not the best

choices. The two Johnson plots are similar In that the central portion of the data Pit the distribution
while the upper and lower portions deviate considerably. Choosing the beat distribution for the visual

exLinction from among the two Johnson distributions, based solely on the quantile plots, Is impossible.
In this particular case, the quantile plots eliminate several potential distributions and indicate 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 quantiike 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 same pattern where the test distribution can be used to model the lower three
fourths of the data. None of the distributions 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 quantlie plots show that a single curve fit cannot be used
to develop modeling coefficients. An alternate approach is to model the upper portior. of the data with a
different pair of coefficients. This technique requires four modeling coefficients instead of the normal
two.

= ILit. 1

5 0 3 15 c''0 .0 ' 5 .- O-" o'., --

16
-e '

-,...-i ...'O-50 i~0 10 1~C~0

Figure 8. Quantile-Quantiie Plot for the Tpentxirg 0300 MIST February Visual Extinction Using the Juhason

Double-boundeWd -Disribfution. Quantile 1 is a function of the natural logarithm of the threshold and ii
Quantile 2 is a function of the CDF of the distribution.
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PROBABILITY PLOT - JOHNSON SINGLE BOUNDED
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Figure 9. Quantile-Quantile Plot for the Ypetlbug 0300 MST February Visual Exinotion Using the Johnson
Single-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.

PRO-ABILITY PLOT - WEIBULL
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F~igure 10. Quantillt-Quantill Plot for_ the Tp~enburg 0300 MST Febr-uary Visual Extinction Using• the Welbull
S Distribution. Quantile 1 Is the logA~rithm of the threshold and Quantlle 2 is a tunction of the CDF of the

distribution. 
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PROBgBILITY PLOT - NORMAL
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Figure 11. Quantile-Quantitle Plot for the YpenburqR030 I~ ebrunry Visual iztinct~ion Using the normal
Distribution. Quantile 1 Is the threhd and Quantl 2 unction or the

PROjiL1TY PLOT -EXPNEN11IL
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Figure 12. Quantlle-Quantlle Plot for the Ypenburg 0300 MST Februarl Visual Extinction Using the
Hiponential Distribution. Quantlle 1 Is the threshold and Quantile 2 Is a function of the CDF of the
distribution.
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PROBABILITY PLOT - JOHNSON DOUBLE BOUNDED
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Figure 13. Quantll&-Quwntlle Plot tfr the Yplnburg 0300 MST February Equlvalent Aerosol IR Extinotion 8.0
- 12.0 Moirom uns thg Joiuion Double-bounded Distribution. Quantile I is a function of the natural
logarithm of the threshold and Quantile 2 is a function of the CDF or the distribution.
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Figure 14. Quantile-Quantile Plot for the Tpenburg 0200 MST February Nuivalent Aerosol IR Extinction
8.0 - 12.0 microns Using the Johnson Single-bounded Distribution. Quantile 1 is a function of the natural
logarithm of the threshold and Quantile 2 is a tunotion of the CDF of the distribution.
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PROBABILITY PLOT - NORMAL
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Frigue 15. Quantile-Quant/le Plot for the Ypezdbrg 0300 MST February i4uivalent Aerosol IR Extinction

8.0 -12.0 Sioron Using the Welbull Distribution. Quantile 1 Is the logarithm of the threshold and

Quantile 2 Is a funotion of the CDF or the distribution.
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Figure lb. Quantile-Quantile Plot for the Ype.nburg 0300 MST February Equivalent Aerosol IR Extilction

8.0 - 12.0 microns using the Normal Distribution. Quantile 1 is the threshold and Quantile 2 is a

function of tI-, CDF of the distribution.
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PROBABILITY PLOT - EXPONENTIAL
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Figure 17. Quantile-Quantile Plot for the Ypenburg 0300 MST February Equivalent Aerosol IR Extinction
8.0 - 12.0 Microns using the Exponential Distribution. Quantile 1 is the threshold and Quantile 2 Is a
function of the CDF of the distribution.

4.5 Line Segment Modeling.

4.5.1 Infrared Cumulative DistrI•bution 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 Weibull distribution was the best fitting curve, but RMS
differences between the empirical and modeled CDFs still averaged better than fifteen percent. The
probability 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 mocel the data. This
generally is not an effective method of modeling because of the difficulty In selecting the break point
for the CDF and the increased complexity of the overall modeling effort.

The aerosol extinction CDF is very asymetrical, with a rapid Increase in cumulative occurrence as
the extinction values increase. The CDFs for the IR transmission are similar. Shettle et al. (1979) show
a sTiilar comparison for visual and ,IR transmittance CDFO. The increaac tended to be greator In the
summer months during the afternoons. This is a reflection or the smaller number of low visibility cases
during summer afternoons. Figure 18 shows the cumulative frequency for the July aerosol IR extinction 3.4
- 5.0 microns at 0300 MST Ssolid line) and 1500 MST (dashed line). The conversion algorithm for the
Barnes transmission data produces slightly negative values of equivalent aerosol extinction for very high
transmission values. The Increase In the CDF for the morning extinction is most rapid from 0.0 km- 1 to
-. 05 km- 1 . 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 COF (solid line) again occurs in higher values of
extinction than dues the 1500 MST CDF (dashed line). However, the difference between the two curves Is
much smaller than In the summertime case.
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Ftlpre 18. Cmulative Frequeng Distribution for Ypenb-rg July ftuivalent Aerosol Extinction 3.4 - 5.0
Microns at 0300 MST (solid line) and 150 MST (dashed line).
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Figure 19. Cumulative Frequenoy Distribution ror the Ypenburg January Equivalent Aerorol IR Extincton

8.0 - 12.0 Microns at 0300 MiST (solid line; and 1.500 IST (danhed line).
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In the 8.0 - 12.0 micron case, the two extinction COts cross near -. 01 km-
1

. 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 show a similar crossover, a larger data sample would probably show this same pattern.

Since the CDF eventually chosen to model the equivalent aerosol IR extinction must adhere to the
requirements presented in Paragraph 4.1, several potential but more complicated distribution functions
could not be considered for modelling 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 mathematical function, the L.SS can produce a better duplication of the empirical
cumulative distribution provided a sufficient number of line segments are chosen. USAFETAC/DNY initially
adopted the Lilius et al. approach, but later modiified the technique so as to require only one pass
through the cumulative binned values.

4.5.2 Line SeWent Fitting. The USAFETAC/DNY line segment fitting technique, developed by Lt Col
Pershing Hicks, requires that the CDF be divided into a predetermined number of line segments based on the
input thresholds and corresponding probabilities. The y-values for each line segment 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 Includes the data points in the following line
segment to minimize the error of fit in all succeeding line segments. Tge input thresholds, which
represent abscissa 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 infrared modeling, the line segment fitting routine uses 28 pairs of thresnolds and
cumulative probabilities. Each line segment contains four data points, giving a total of nine line
segments. The first and last points represent cumulative probabilities of 0 and 100 percent,
respectively. Therefore, only 26 interior threshold values need be given. The two exterior thresholds
represent values of the variable that rarely, if ever, occur. For c~ample, the two exterior thresholds
for the equivalent aerosol IR extinction are -. 2 km- and 20 km-1. If an observation would fall outside
these boundaries, the observation is set to fall in the last exterior bin. The resultant (xy) end point
to each line segment is shared with the beginning point for the next line segment. Although not required
by the line segment fitting routine, the (x,y) value is designed to coincide with a theshold value xT.

The lin•e segment fitting scheme described above produces ten (x,y) data pairs. Since the first and
last data pairs have been preselected to (X1 ,0) and (Xi 10 ,100), respectively, only eight interior y-values
need be calculated and stored. For the equivalent aerosol IR extinction, these two data pairs are:
(-.2, 0.) and (20, 100). The x-value thresholds are the same for all curve fits and need not be
maintained with each coefficieiti file. To keep the modeling coefficient file similar 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 Stoc'age. Four computed y-valucs can be conveniently stored ig_ a single IBM 4341
integer 32-bit word. Each IBM 8-bit segment (byte) can store an Integer from 0 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 fit in each byte by multiplying the y-value by 250 and keeping the integer
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 t27-i or ±127.
Therefore, the left-most byte must be scaled from - 15 to "IZ5. To cgmbine the four scaled Y-value , the
left-most byte is multiplied by 224, the second by 2 , the third by 2 , and the right-most byte by 2.
Adding the results yields a 32-bit "signed" binary number that represents the four y-values to the nearest
0.2 percent of the fitted y-values. A reverse procedure allows recovery of the compacted y-values.

Transnormalization is by indirect methods; that is, an intermediate cumulative probability must be
calculated before conversion to an END. USAFETAC subroutine PLNSGX converts threshold value to a
cumulative 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 first converts
the END to a cumulative probability and then USAFETAC subroutine XLNSGP converts the probability to a
threshold.

The two Ypenburg 8.0 - 12.0 micron equivalent aerosol IR extinction coefficients for 0200 MST
February demonstrate how the compaction works. The ten (x,y) data pairs are:
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-. 2 -. 015 .01 .025 .04 .09 .20 .8 20.
0.0 .112 .448 .608 .720 .84o .900 .976 1.00

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

Using the compaction multiplication factors described above, the four compected values are:
-1627389952, 7340032, 38912, and 180.

Adding these values gives a compacted, scaled integer representing the first four atorage
y-.values: -1620010823. A similar method givej an integer coefficient of 1440408052 for the second four
storage y-values. ---
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OUAFMR 5

CORhiATIONS O ILECTRO-OPTICAL AND

MIUUWCLOICAL VAIXABLAS

5.1 Correlation Coeffiolient. 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 correlation). Since the electro-optical and meteorological variables are essentially a
Continuous series, the Pearson product-moment (PPM) method for calculating linear correlations provides
the beet estimate of the true correlation. The PPM correlation coefficient also minimizes the standard
error. The PPM correlation rxy between two variables x and y is given by:

r E(x - X) (YI - Y))

ry- ________ ___ .__ (1J•8)

E (X i- 7) 2 Ef lyy)2

Here the means R and Y are:

- (I/N) E X1 . i . (11N) E Yi' (149)

the standard deviations sx and s3y are:

ax - [P/N E (X1 - X))• * sy- E[/N E (Y1 -1 . (150)

and the oovariance of X and Y is:

Cov (XY) E-E(X X) ( I - Y)] (151)

A more convenient computational form of the PNM linear correlation coerficient eliminates prior
knowledge of the meant

N(xi •l £X 1 ) (£ 1 )

r - ' I - "" '(152)ry rN (E Xi 2 - (E Xi)
2J• (N (t YI

2
) - (2 )2]15

where the summation is I - 1,...,N.

If the sample size N is large and X and Y are relative large numbers with meina not equal to zero,
equation (149) can nave considerable computational round-off error. The amount of error depends on the
number of signilficant digits retained on a particular computer system. To alleviate this, the raw
variables are trananormalized before calculating the linear correlation. This results in a two-fold
improvement in the correlation process. First, the varlables 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 account (Boehm, 1976). A continuous
one-to-one relationship, as we have in the OPAQUE data base, will become quasi-linear if both variables
are trananormalized.

5.2 Correlation Coefticient Development. Original correlation development centered on grouping 3
consecutive hours of observations together to Increase the number of observations avalimble for generation
of the trananormalizing function. Since the observations are in local solar time, tests for solar
influence involved different observation groupings. However, from previous modeling with several of the
meteorological variables, the grouping significantly reduces the serial correlation. This is particularly
true with any variable that Involves temperature; e.g.. dewpolnt, 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. Thus, any grouping returns an average of the
3 hours and may not be representative of any hour in the grouping.

There Is reason to suspect the correlations In the remaining meteorological and electro-optical
variables as well. Transnormalizing functions and serial correlations are therefore more reliable using
1-hour time bins for eanh month. The increase in the number of transnormalizing coefficients for 1-hour
time bins is more than offset by the improvement in the serial correlation.
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5.3 f? eat of Random Error on Correlation Coefficienta.

5.3.1 Random Errors of Obeervatlon. A subtle, t*t potentially more damaging effect on the

correlation coefficient is that of random observation error. Every observation Is subject to some random

error in the actual observation measurement and in mathematical processing of the measured quantity. For

the elements in the OPAQUE data base, this includes a number of potential sources for random error.

Measurement errors can be systematic and accidental measuring errors, such as sensor calibration errors

and measurements spread over an observation period. Mathematical processing errors are of two types.

First, there are errors In transcribing and reporting the observation for data reduction and tape
storage. Second, there are errors in preparing the observations for analyst?. These include errors in

deriving new variableo such as the equivalent aerosol IR extinction, In building the cumulative

distributions, in deriving the coefficients that model the cumulative distributions, and In building the
3imul afti n iodel.

A quantitative estimate of the relative error, although not a precise measurement, can be used to

assess the usefulness of ti.e data. The Format Specifications for OPA(QUE Data Bank Tapes (1981) defines

the relative error as:

Relative Error _ (measured value - correct value) '153)
measured value

fhe Ypenburg group has provided relative errors for the optical and infre-ed transmissions. Toe
reliability of the optical and Infrared data is considered good (reliability code 4) based on repeated

instrument calibrations. The relative error of the data is below 5% (2% for the IR tran6missometer),
which is acceptable for developing both serial an(: cross correlations. Although most of the man-made

disturbances such as people and vehicles have been removed, there may be a few observatione that still

retain these disturbances.

5.3.2 Error In Correlation. By assuming all the OPAQUE observations contain error, the linear I
correlation between two variables or the serial correlation of a single variable can be expressed as ths

product of the measured correlation and an error term. Brooks and Carruthers (1953) expands the basic

equation of correlation to show that the actual correlation is larger than the correlatior. from "he
measured data (derived In Appendix F):

rxy - x°Y rOB. (154)
y x ay as

where X and Y are measured variables whose random errors are d and e respectively, a and 8 are the

deviations of the observed values from their means, and a is the standard deviation for x, y, a, B.

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

Pm = Pe 2PC (155)

where pi s5 the measured correlation, Pe is the correlation of random error, and Pc is the corrected

correlation. Since there is ranonm error in both the X and Y variables, the random error term is the

product of Lwo random errors of observation:

Pm =Pex Pey Dc (156)

5.4 Serial Correlation.

S5.4.1 Marker Model Assumption. For an autoregressive (AR), first-order Marker model, the serial
correlation p (correlation in the t-dimension) follows an exponential decay:

- nAt (157a)

= Cnat
-exp ,(157b)
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where p1 is the serial correlation of unit of time, n is the number of time steps, and B is the

autocorrelatton coefficient (see Appendix A). Therefore, for a Markov model, simulated observations

spaced At units apart will have a correlation PAt t

P at .plAt (158)

A slightly different form to aid in computing a serial correlation based on a known exponertial is:

P(t)1/t . pI, (159',

Since the USAFETAC simulation models are based on the Markov model, the existing USAFETAC moJtls can

be employed If the serial correlations of the OPAQUE variablos follow an exponential decay. Othe-wise,
new models need be developed.

5.4.2 Ccibining Correlation Coefficients. Serial -orrelations for each of the OPAQUE variables
were computed using time lags of 1, 2, 3, 6, 9, 12, 18, 214, 36, and 48 hours. To calculate the serial

correlation for a particular rariable for a particular month, the 4 years of data for that month (say 4

Aprils) are arranged chronologically. At this point, two avenues are possible. The most straightforward

one is to place 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 chronological break between the 2 months, and allows for serial 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 satisfactorily in most caces. However, if

the mean of one of the years is sinificantly higher or lower than the mean of the other 3 years, the
resulting serial correlation coefficient will be affected. This problem is further magnified when the

number of observations In each month vary from year to year. Both the variance and eova-iance are

affected, as can be seen from the simplified tMo variable sample correlation coeffrolent r t,t+ ,

r°t t t At- (160)

rtt tt Lt

where the correlatioi is calculattd between the observation at tim6 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 is first

converted to a Fisher Z' transformation. A weighted mean of the four Z' transformations is then converted
back to a serial correlation. The applicable form of the Fisher Z' transformation is (Brooks and

Carruthers, 1953):

Z' - .5 [In (I * r) - in (1 - r)]. (16")

The transformation has two convenient p;'operties whir. will be useful later. First, the

transforwp.tion has a nearly normal distribution with P mean of:

li . 0.5 In ( 9_-• ), (C)-
PzP

and second, the transformation has a standard error of:

-1 i/H N - 3 . (163)

The goo,ness of these approximations increases with small absolute values of p and with larger

sample size of N.

The individual transformations are weBIght d according to their contributions to the I1 years of data
with the weights being Droportional to 1 / i , I .e., to N - 3. Th:e weightod Z' transfo-mations are

then combined into a total Z' transformation (Brooks and Carruthero, 1953),

43

%<

N%



Z' C(NI - 3) Z1  + (N2 - 3) Z2 ' ' (N3 - 3) Z 3 ' + (N4 - 3) Z4' Z / E (N1 - 3) (164)

N1 and Z1 ' are thp number of observations and the Fisher Z' transformations for the years I - 1, 2,
3, 4 respectively. /

For transrormation back to correlation space,

r=exp (2Z) * 1

The inverse Fisher Z'-transformation can also be expressed in the form of the hyperbolic tangent.
Multiplying the numerator and denominator of equation (165) by e-z gives:

r - ez +-Z (166)

az -z

", Tanh (Z')

Figures 20 and 21 show the serial correlations for the January visual extinction and July
temperature. The correlations use the 50 observation pad between the months. The decay for the visual
extinction is fairly smooth, while the temperature decay shows a rise at 24 and 48 hours. Since the
correlatiorm are of equivalent normal deviates instead of the rw variables, most of t0e diurnal ohange
should have been removed during transnormalization. The temperature correlation rise at 24 and 48 hours
Is most likely due to stron8 synoptio oontrols; e.g., frontal systems, oloud oove.'. Any OPAQUE variable
containing temperature exhibited a similar rise. For example, the equivalent IR awroaol extinction shows
a similar rise at 24 and 48 hours since temperature is used in calculation of the extinction. Therefore,
computation of the decay function Includes aerial correlations only out to 24 hours.
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Tables 12 and 13 contain the same serial correlation based on the 50 observation pad as Figures 20
and 21 . In addition, the table inoludes the correlations for each separate year and the number of
observations used as a weighting factor. Finally, the table gives the serial correlation based on the
weighted Fisher Z' transformation. The tirat combination technique tends to be fairly close to the
weighted Fisher Z' transformation for time lags less than 3 hours, but the Fisher Z' transformation is
definitely better as time lags increase.

TABU 12. Selal Correlation for Ypenburg January Visual gxtination (Ie-l).

HR1 HR 2 HR 3 HR 6 HR 9 dR 12 HR 18 PR 24

OVERALL .8992 .8366 .7958 .6944 .6231 .5823 .4717 .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 .2402
WF 717 714 714 710 707 705 699 693

YEAR 3 .9031 .8299 .7796 .6538 .5449 .4940 .3291 .2215
WF 7114 712 710 704 698 692 680 668

YEAR 4 .8556 .7995 .7624 .6430 .5876 .5638 .4748 .3565
WF 716 715 714 711 711 708 705 693

FISHZ .8827 .8216 .7735 .6586 .5692 .5165 .3823 .2729

TABIA 13. Serial Correlation for July Ypenb'rg Tierature (OC).

HR_1 HR 2 HR_3 HR_6 HR_9 HR 12 HR 18 HR 24

OVERALL .96114 .9088 .8526 .686. .5600 .5064 ,5612 .5984

YEAR 1 .9548 .8972 .A1401 .6684 .57114 .5412 .5397 .5406
WF 743 742 741 738 735 732 726 720

YEAR 2 .9445 .8700 .7890 .5432 .3408 .3002 .4333 .4212
WF 617 614 611 601 592 583 565 547

YEAR 3 .9493 .8789 .8014 .5227 .3881 .2957 .3830 .4841
WF 741 740 739 736 733 730 724 718

YEAR 4 .9680 .9215 .8706 .7222 .6072 .5380 .5982 .6428
WF 716 7114 712 706 700 694 682 670

FISHZ .9554 .8944 .8293 .6351 .4904 .4315 .4950 .5313

5.4.3 Correotion for Random Error of Obsrvation. 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) - Pe P (167)

The total serial c)rrelation can be broken down Into two terms involving the linear coefficients A
and B. From equation (157b), p(t) can be expressed in terms of the exponential regressior. ooefeicients A
and B,

p (t) - exp [A + Bt] . (168)

Equation 165 can be readily solved for the cnefflcients A and B usin'g standard regression
teohni qies:

In p(t) - A + Bt (169)
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However, equation (166) minimizes the sum of the square of in 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 0(t) space:

min E C p (Inp - A - Bt)]2, (170)

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

The combined Fisher Z' serial correlations for the eight time lag periods are the inputs to the
linear regression scheme. Appendix 0 contains the serial correlations for the individual years, all years
combined, the 7isher Z combination, and the straight linear regression. Appendix H contains the A and B
regression coefficients for each meteorological and electro-optical variable. Table 14 contains the roct-
mean-squarA (RMS) difference between the observed and model distributions for the 1Cm wind speed 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 141. Linear Regrmsion R15 (M) Differeno Between the Observed and
Modeled Distribution for Random Error of Ypenburg 10m Wind Speed and
Relative Humidity. The Modeled Distribution Assumes a First-Order Markov
Process that has Observation Error.

1OM WINDSP RlH 10M WINDSP RH
JAN O.96 31.11 JUL 2.146 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 0.65 8.11
MAY 4.18 13.61 NOV 2.09 7.09
JUN 7.02 16.01 DEC 2.58 4.74

Not surprisingly, the variables with the least error in observation generally show the least
improvement In serial correlation. Table 15 shows the January visual extinction and the July temperature
examples previously used. Nevertheless, these Improvements are significant. From modeling efforts
associated with previous projects, the 1-hour serial correlation should be near .945 for visibility
(equivalent to visual extinction) and .980 for temperature. For temperature, this compares 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 ccrrelstions, tile exp B 1-
hour serial correlation for visual extinction is 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 linear regression model.

TABLE 15. Serial Correlation Regression Coef fioiets for the Ypenbuwg January Visual

Extinction and July Temperature.

JANUARY VISUAL EXTINCTION

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

FISHZ .8827 .8216 .7735 .6586 .5692 .5165 .3823 .2729

REGRESSION .6648 .8230 .7833 .6751 .5819 .5015 .3715 .2768

A - -. 0957 exp A - .9087
B - -. 0495 exp B - ,9517

JULY TEMPHRATURW

FISHZ .9554 .8944 .8293 .6351 .4904 .41315 .4950 .5313

REGRESSION .8733 .8453 .8183 .7422 .6732 .6106 .5023 .41j2

A - -0.1030 exp A - .9022
B - -0.0325 exp B - .9680
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The one hour equivalent aerosol IR extinction linear regression serial correlation varies
considerably. in the 3.4-5.0 micron band, values range from a low of .431 for June to a high of .756 for
October. 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 from
a lcw of .482 for August to high of .680 for February. The corresponding exp B values are .935 and .905
for August and February respectively. The separation of tne lincar r'egression into a coefficient of error
of observation and a coefficient of actual correlation is again the superior model.

5.4.4 Yearly, Monthly, and Seasonal Correlation. With the assumptions that each observation
contains random error and the corrected serial correlation follows a first-order Markov exponential decay,
the total serial correlation can be exprrssed as the nurn of two linear regression coefficients A and B

(equation 
168), 

I
Coefficient A represents the serial correlation due to random error of observation while coefficient

B represents the corrected (with random error of observation removed) serial correlation. The sum A + Bt

ts tne coefficient for the total measured serial correlation. Applying the coefficients A and B to B in
equation (A-5) of Appendix A, where p1 is the correlation at unit time, gives the serial correlation for
each scoefficient,

p (ea) (171) t

P nAt (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 serial correlation option allows 12 exponential decays for each EO/Met
variable. The seasonal option combines three months of serial correlations using the weighted Fisher Z-
transformation similar to equation (164). For continuity with other analyses of the OPAQUE data, the
winter season uses the December, January, and February data. The spring, summer, and fall seasons follow
accordingly. The. yearly serial correlation again use3 the weighted Fisher Z-transformation to combine the
12 months of serial correlations. The weighting factors are the number of observationa in the one hour
serial decay. Tie 90 percent confidence level of each correlation is used to test the applicability of
each option as a serial correlation model.

If the population correlation of each variable is p and the sample correlation Is r, then 90 percent
of the sample correlation coefficients drawn from the population will fall between the 90 percent
confidence limits of p. Thus, from a single value of r within these limits, one can Infer only a 10
percent risk of error that the population correlation is p. More precisely, there is only a 10 percent
risk that r is not significantly different from p. To apply the confidonce levels to the sample
correlation, the correlation coefficients must be corrected for sampling variability.

The ENDs generated from the raw variables have a normal distribution. However, the distribution of
the correlation of two variables, whether a cross or serial correlation, generally is not normal. The
distribution of the sample correlation coefficient r does approach 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 ir.creases. If the samples are from a population for which p 4
0, the distribution is very skewed. When p Is greater than zero, the skewness tends toward the left with
high values being relatively more probable than lower values, The skewness Is reversed for p less than

zero. This complicated dependency of the sampling distribution of r or. the value of p makes it Impossible
to employ the normal distribution directly. The Fisher Z-transformation (equation (161)), originally
developed for a blvarlate normal population, converts the sample correlation to a nearly normal
distribution.

lf the sample correlation coefficient r is computed from independent data, the statistic Z has a
nean uz and standard deviation oz.

I+ p

z =.o in 1 , z - J 3 . (173)
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However, the obaervations of each variable are not indeponeent. that is, the observations are

correlated (p of 0). Equation (60) of the AWS Guide for Applied Climatology provides a correction for the

aerial dependency in the time series of observations.

N' - N (1-+ (174)I1 )

where N' Is the effective number of Independent observations in a sample size N. lio standard deviation

in equation (173) becomes:

a 7. . (175)

The 90 percent confidence limits in Z are:

z . Z 1 i.6448 az (176)

ZL - - 1.6448 oz . (177)

The Inverse Z-transformation (Tanh(Z)) converts the confidence limits in Z-space to the confidence
limits in p space (equation (166)).

Figure 22 shows the monthly, seasonal, and yearly serial correlations and 90 percent confidence

levels in Z transformation space for visual extinction. The visual extinction plots have the most orderly

wonthly changes of any of the EO/Met variables. The confidence Intervals become progressively smaller for
the seasonn 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 90 percent
Cunfidence interval contains at least s~'.e portion of tne 90 percent monthly intervals, although several
months are borderline oases.
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Figure 22. Monthly, Seasonal2 and Sler •rial Correlatione and the 90 Percent

Contidenoe Limits in Z'-Traaloruation Spce f'or the Tpenburg Visual Extinction.
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Figure 23 shows the monthly, seasonal, and yearly serial correlations and the 90 percent confidence
levels in Z-transformation 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 confidence limit of two other months. In addition, the

yearly serial correlation combines the weighted average of high and low extremes, thus misrepresenting the
monthly values.
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Figure 23. Monthly, Seasonal. and Yearly Serial Correlatiom and the 90 PercentConfidence italia in Z' -Transfaormation Space for thte Tpanburg TeMperature.

Figure 24 shows the monthly, seasonal, and yearly serial correlations and the 90 percent confidence
levels in the Z-transformation space for the aerosol equivalent IR extinction (8.0-12.0 micron band). The
oonthly pattern is between the smooth transition of visual extinction and the fluctuating pattern of
temperature. However, March still misses the yearly 90 percent upper confiden3e limit. With the seasonal
option, April definitely does not fit In the sane pattern as the other spring months. If the data base
were considerably longer than 4 years. this outlier might not exist. This particular problem points out
the deficiency in using the monthly values of serial correlation. The small number of years in the data
base may be responsible for the large nhanges in the monthly ranges. Both the seasonal and yearly options
provide better estinates of serial correlation than the monthly option. Therefore, both the seasonal and
yearly option will be available for the E0/Met simulator.
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Figure 24. 14nhy esnl n Yearly Serial Correlation and the 90 Percent Confidence Limits
In ZV-Transforoation Space for the Ypenbwgl Equivaant Aerosol IR Extinction 8.0 to 12.0 Mhwron.
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5.5 Cross Correlation.

5.5.1 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. Assumlng the Markov

model exponential decay, equation (167) can be written:

PM(t) - Pex Pey PC (178)

where p is the measured serial correlation, pc is the serial correlation corrected for random error of

observation, and Pex Py are the correlations of random error for the variables X and Y respectively.

Then the corrected serial correlation at time t can be expressed as:

t Pm (179)
P 0

ex Pey

Equation (179) involves the product and quotient of normal random variables. This is more

complicated than the multiplication case of the serial correlation. If X and Y represent the two normal
random variables, then Z is the product or quotient of two normal random variables:

Z - XY and z - (180)

In general, the resulting joint probability density function f (Z) is not a normal distribution.

Furthermore, the joint probability density function (PDF) resulting from the second mathematical operation

has relatively little chance of having a normal distribution.

The product case in equation (180) is very similar to the serial correlation in 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 oorre'ation correction. The mathematical solution for the multivariate

case is to solve the product and quotient portione separately.

Meyer (19'o) presents PDFs ror the products and quotients of random variables. If X and Y are the
two random variables with a JoInt P)F of fxy such that Z - g(X,Y), then the cumulative distribution

function z(z) is:

Fz(Z) - Jf fxy(XY) dx dy, (181)

where the integration is in the X-Y plane with g(X,Y) < Z. For the case of the ratio of two random
variaolea Z - X/Y, the joint PDF fz is:

f- IX x.,T) dx (082a)

fxy x2 xy z

" f . xy lyl fXy (yz,y) dy . (182b)

For the product of two random variables Z-XY(, the joint PDF Is:

f i (x, , ) 1 dx (183a)

" -- f (-, y) dy (183b)
xy y

If the random variables X and Y are statistically independent with known probability densities, then
equations (182) and (183) can be evaluated. For the independent normal random variables X and Y which are

distributed [0.1] and have PIDFs of:

55



Cx() - Cep - -- )(1 84a)

1 2

4 (y) exp(- - (184b)
y AN2

respectively, Davenport (1970) gives the Joint PDF for quotient Z-Y/X as:

f (z) - 1 (185)
(1 + z)

Equation (185) is the Cauchy distribution, which has a mean but an indefinite standard deviation.
The multiplication case oaniot by analytically solved. An alternate method is to separate equation (179)
Into two quotients,

t Pt) 1 -86)
Pex 

Pey

The resultant p is the product of two Cauchy distributions, which again cannot be analytically
solved.

The best approach at this point is to simulate the distribution of equation (179). The simulated
distribution uses the general form of the normal equation,

x - ,D (187)

where X is the normal deviate, x is a generated random normal number distributed [0,1], SD is the
simulated standard deviation, and M is the simulated mean. The distribution simulator generates a normal
deviate X for each correlation using Equation (186), with the three X values being input to equation
(179).

The initial values for Lhe simulated distribution model are the measured cross corre) 'ons between
two variables Pex' Pey" The simulated means Mi are the correlations converted to Fisher -space using
equation (161), whne the simulated standard deviations SDi 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 Z--space into a
simulated p0 using equation (179). Equation (166) allows allows conversion to correlation space. This
process is repeated a sufficiently large number of times to converge on the actual correlation.

5.5.2 Ccrreotion for Rando= Error of Observation. The correction term for random error of
observation, when applied to the cross correlations, can be significent. However, quantitative estimates
of the actual correlation can be made only if 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 independent
case, but will increase p. if the random errors are correlated with each other or with the variable
themselves (see Appendix E). The corrected correlation or 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 could 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 variables X and
Y.

For cross correlations between variables whose sensors are entirely different, the independent
assumption is a good one. Temperature versus 10m wind speed and visual 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 measure wind speed, measurements are from
two separate anemometers, so 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 variable is derived from another variable, as
is the case of the equivalent aerosol IR extinction. This variable uses temperature, moisture, and the IR
transmission as inputs. A similar case occurs with the dewpoint, which is derived from the measured
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relative humidity. Therefore, the correction for random error of observation can only apply to the cross
corxrelation for oombinations of: visual extinction, temperature, 10m wind speed, humidity, and 2M wind
speed.

Simulated distributions for the corrected cross correlation pct (equation (179)) were developed for
each of the above cross correlation combinations during January and July using runs of 10,000 and 100,000
replications. The simulated means of all Pct's were then compared with the straight forward numerical
solution of equation (179). Most 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)
involves the product of the Cauchy distribution, which has an indefinite 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 becomes
lar ger. At 5,000 replications, the difference in the two results Is as large 15 percent for some crois
cor r el at I ons.

Figure 25 shows the simulated distribution for the January visual extinction and 10m wind speed
using 10,000 replications. Input serial 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 Is similar. However, the means are almost identical (-.4934 versus

.4932 for 100,000 replications). The general shape of the distribution follows the normal. However, the
final distribution involves the product of two Cauchy distributions, so- the standard deviation is
indefinite. '

0.075! o. oi

0.045

0.015

" -.665 -63 -. .95 -. 455 42 35 .35

THRESHOLD VALUES FOR CORRECTED SERIAL CORRELATION PC'

Fligure 25. Simulated Ypenlurg January Visual Kztinotion

and 10m Wind Speed Using 10,000 Replioations.

As expected, the cross correlations of those variables that are subject to the most measurement
error Improve the most when the correction for random error of observation Is applied. Improvement is as
high as 25 percent, but generally is 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 variable.
Temperature and relative humidity observations have low random error of observation, so the raw

correlation Is high. Visual extinction, 10m wind speed, and an wind speed have more random error of
observation, therefore the corrected cross correlation improvement is greater.
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TABiM 16. Ypenburg January Crosa Correalatior. Natrix for Random Error of

Observation. R is the raw matrix and C ia the oorreoted matrix.

VIS EXT lOe WNDSP 2m W'.DSP TEMP HUMIDITY

VIS EXT R .8257 -. 3921 -. 4202 -. 1294 -. 6900
C 1.0000 -.14931 -. 5201 -. 1456 -. 7812

IOM WNDSP R -. 3921 .7710 .5912 .0678 .3384
C -. 4913 1.0000 .7475 .0789 .3968

34 WNDSP R -. 4262 .5912 .8112 .0622 .3389
C -. 5208 .7475 1.0000 .0706 .3872

TEMP R -. 1294 .0678 .0622 .9564 .1161
C -. 1456 .0789 .0706 1.0000 .1221

HUMIDITY R -. 6900 .3384 .3389 .1161 .9446
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 other 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 croas
correlation matrix for each month.
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CHAPTER 6

THE ELECTRO-OPTICAL/•'TgOROLOGICAL SIMULATOR

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

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

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

The first model is best suited for building probability tables or simulating a single EO/Met
variable for N time lags, while the second model is ideal for simulating from 1 to N EO/Met variables from
user-supplied initial conditions where the cross correlations between the N variables are to be preserved.

Two Important assumptions must be met in order to apply the EO/Met variables to the MULTRI model.
First, the marginal distributions of the EO/Met variables must be adequately described by some
transnormalizing function. All the EO/Met variables were successfully modeled in Chapter 4. Second, the
serial correlation must reasonably fit the Markov decay fwiction. With the mobel assumptions for error of I
observation in Chapter 5, the serial correlations follow a Markov decay. Thus the second assumption is
satisfied. The ultimate test of the simulation models is 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 is the
technique used for constructing the correlation matrix. The EOMETS1 model uses the serial correlation
matrix while the EOMETS2 model uses the cross correlation matrix. Chapter 3 covers the mathematics of the
MULTRI model, so only the simulation will be discussed in this chapter. Table 17 shows the overall flowSof the simulation model.

TABLE 17. Steps in Generating a Random Vector of
"" Correlated Elements of KO/Net Variables.

1. Build a correlation matrix R using an appropriate
correlation Model; i.e., the exponential decay model
or the cross correlation model.

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

3. Generate N independent standard normal numbers

(01,U2,...Un) using USAFETAC 3ubroutine RANDN.

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

5. Transform each of the elements of X into values
of the actual EO/Met variable using an-appropriate
trans-normalizing function.

6 2 Correlation Matrix. Paragraph 3.6 presented a theorem for the generation of a random vector X
(X - D, ), where n is a vector of random numbers distributed N' I) and C is 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 Is, R - C C'

The matrix R is ultimately used to generate the vectors of ENDs.
S One method of deriving C from R is the Cholesky or "1Squate-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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calling for division by zero or attempting to take the square root of a negative number. Symmetry 1s
assured before the matrix R is passed to the algorithms, while the program containing the algorithm checks
for the positive, definite requirement. All of the matrioes met the positive, definite requirement.

6.3 WOTSI Model. 4
6.3.1 Modl RMlrmeta. The EOMETSl model is the USAFETAC simulation model that produces

observations of a seleoted Eo/Met variable for an Initial time and N time lags. Marginal distribution
tables for the £O/Met variable oan be developed as an extension of the model. The user supplies the
EO/Met variable to be modeled, 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 simulation, the
inverse transnormalIzing functions for each of the EO/Met variables should also be available. The user
indicates the lag time for the distribution table. Since the modeling coefficients for the
transnormalizing functions are arranged by month and hour (i.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 is
quick and efficient. The tabulating routine for the raw counts of the EO/Met variable use the same bin
values as those used in building the cumulative distribution functions In Chapter 4.

6.3.2 Model Genration. The EOMETSI simulator produces a single random vector of N correlated
elements distribu;ted'(6N0.T1). Thus the elements can represent values for the ENDs of an EO/Met variable at
an .nitial specified time and at N+1 time lags later. The simulation can be repeated any number of times,
generating a series of Independent random vectors. Each vector is independent of every other vector
(P00). Again, it is the elements within the vector that are correlated. If desired, marginal
distribution tables can be developed from the series of random vectors. Table 17 summ3,rizes the required
steps for generating a random vector of N correlated elements of EO/Met variables.

The following simulation demonstrates the EOMETS1 model. We want to generate a marginal
distribution table for the Ypenburg 3.4--5.0 micron equivalent IR aerosol extinction for March, beginning
at 0200 MST. LagtImes supplied to the model are 1, 2, 3. 6, 9, and 12 hours. The total serial
correlation for March is .6425, while the serial correlation corrected for random error of observation is
.9080. The corrected spring season serial correlation is .9057. The corrected spring season serial
oorrelation, which from Chapter 5 is the seeial correlation to be applied to the simulation model, is
.9057. The USAFETAC subroutine RCALCT then uses equation (172) to generate the correlation coefricient
between an initial time and at a time lag &t later,

r at " *.9057•t

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

r at - .9057T -50.

The complete time lag array is:

Lag Time

0 1 2 -3 6 9 12_t•

L
a 0 1.00 .91 .82 .74 .55 .41 .31
9 1 .91 1.00 .91 .82 .61 .55 .34

2 .82 .91 1.00 .91 .67 .50 .37
T 3 .74 .82 .91 1.00 .74 .55 .41
1 6 .55 .61 .67 .74 1.00 .74 .55
m 9 .41 .45 .50 .55 .74 1.00 .74
e 12 .31 .34 .37 .41 .55 .74 1.00
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Tne correlat!on matrix R-

1.00 .90 .81 .73 .54 .39 .29
.90 1.00 .90 .81 .59 .44 .32

•-.81 .90 1.00 .90 .h6 .48 .35

R - .73 .81 .90 1.00 .73 .54 .39
-. 54 .59 .66 .73 1.00 .73 .54

• 39 .44 .48 .54 .73 I .00 .73

.29 .32 .35 .39 .54 .73 1.00

is lower trLangularized using USAFETAC subroutine LUSQRT, which implements the Cholesky decomposition
schem- The result is the lower triangular matrix C,

1.00 0.00 0.00 0.00 0.00 0.00 0.00
0.90 0.43 0.00 0.00 0.00 0.00 0.00
0.81 0.39 0.43 0.00 0.00 0.00 0.00

C - 0.73 0.35 0.39 0.143 0.00 0.00 0.00
9.54 0.26 0.29 0.32 0.68 0.00 0.00
0.39 0.19 0.21 0.23 0.50 0.68 0.00
0.29 0.14 0.15 0.17 0.37 0.50 0.68

The USAFETAC subroutine HANCV generates a vector n of independent random standard normal numbers,
i.e., numbers that are distributed N(0,1), and performs the matrix-vector multiplication, X - C- .

There are many random normal number generators that car be used. EOMETS1 uses the USAFETAC
subroutine RANDN. An example or this vector of independent numbers is:

=11 - -1.5271120 n5 = -0.7852087
n2 - 0.9978030 n6 - -0.9851797 d,

113 =- 0.2934361 n7 - 1.9020348

,i -1.11453924.

fhe resulting vector X is:

11 - -1.5271120 Xr - -1.54327149
X2 - -0.9437819 Xg - -1..8008451
X3 = -0.9777121 X7 - -0.0220470
X4 -1.3773511

Since the elemeats of X are distributed N(0,1), they represent oorrelated ENDs of equivalent IR
aerosol extinction. The ENDs are then transformed to values of extinction using the line segment
transnormalizing function and the modeling coefficients for the time and month of the simulated
observation. The inverse transnormalized values represent extinction per km,

VECTOR ELEMENT EQUIVALENT IR EXTINCTION (PER KM)

S1 (t initial) -0.88950
S2 (t 4 1) -0.06445
S3 (t + 2) -0.06487
S4 (t * 3) -0.08390
S5 (t + 6) -0.08906
S6 (t + 9) -0.09631
S7 (t + 12) -0.05041

6.3.3 Model Performance. The standard method of evaluating USAFETAC's simulation models is to
generate joint probabilites of the ollerved and simulated observations for the initial time and a time
At later. However, the serial correlation specific to the EOMETS1 model is not the actual correlation of
thn variable but rather the correlation corrected for random error of observation. Differences between
thk, can give a general view of now the simulator reproduces the equivalent aerosol extinctions.
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rive thousand simulated observations were generated for equivalent aerosol 1R extinction (3.4--5.0
microns) for 02C0 MST March. These simulated extinctions were then compared with the Ypenberg observed
extinctions.

The maximTu oifference between the observed and simulated frequency for the initial condition was
2.4 percent. The RMS error at a time lag of 12 hours is 1.81 percent with a RESMAX of - 6.55 percent
usIng line segment fitting. Some of the difference fs due to the transformation of the first element of
the vector X into raw vajues of equivalent aerosol extinction. The differences between observed and
simulated data is well withir the limits allowed by sampling theory.

6.4i EOMETS2 Model.

6.4.1 Model Requirementb. The EOMETS2 model is the USAFETAC simulation nrodel that produces
otservations for N EO/Met variables at a time lag At. The cross correlations between the N EO/Met
va-iables will be preserved for each simulation replication. The user supplies the initial hour and month
of the simulation, 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 variables, the cross
correlation matrix of the EO/Met variables, and the seasonal serial correlstions for each EO/Met variable.

The modeling coefficients for the matnematical functions that describe the CDF of each EO/Met
variable are stored :n a 12 x 24 array. Transnormalization begins the simulation as each raw EO/Met
variable is converted to an END. The inverse transnormalization process can occur after each time step or'
at a point specifiec by the user.

6.4.2 Model Generation. The EOMETS2 simulator produces a single random vector of N correlated
elements ,istri3uted N'O,1) where each vector is independent of the next one (p - 0). Table 17 summarizes
the required steps for generating a random vector of N correlated elements of EO/Met variables. The
correlation matri:' R for the ECMETS2 simulator is the user supplied cross correlation matrix for the N
EC/Met variables. From this psint the simulator proceeds exactly as the EOMETS1 model.

6.4.3 Model Performance. The EOMETS2 preserves both the cross correlation between the variables
and the serial correlation for each variable. These are guaranueed by the mathematics of the model. The
sIujlator correlation input 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 Tr1'nsportability or the EO/Met Rimulator. The effective transfer of the EO/Met 3irmulator from.
Ypenburg to another location such as Christchur-ch, UK, depends on three factors. First, the modeling
coefficients for the cumulative distribution functions for each or the OPAQUE variables must be
available. Second, the LOWTHAN coefficients for the Barnes transmissometar, used in calculating the
transmission of water val.or and molecular transmission, must be known. Finally, the serial and cross
correlations used in initializing the EO/Met simulator must be specified.

The unique climatology of each location provides all environmental simulaticn models with their link
to "rea. weather." As each statlon's climatology is different, so will be the regression coefficients
that mode' the station's climatological base. The particular mathematical function selected for modeling
each ED2,!.ct vdriable is easily transferable to other locations. While nature can occasionally benave in
erratic ',iohion, the CDFs of her variables behave In a predictable manner.

LCW-iiAN regression coefficients for the Barnes transmissometer have already been established for
eich of tn' OQrAQUF_ s't's in Table 5. Using the Ypenburg coEfficients for the Christchurch cilculatlons of
water \'af' -mnJ colecular transmission gives an error" of 3 to 5 percent in the modeled CDFs for aerosol

m... ni.....n ad'qul/lemt aerosol extinction. Application to a new site without modeled coefficients
woJ' have -111 unb:r.uwn result. To be a truly transportable model, coefficients for each sIte should be

,: t .. L il e:.'.

, -. ;ril and cross correlation cean hove a soistamitial efCect on simulation results. Where
th.a ra4 -rita j-t not avaIlable, many meteorologlcal var'.i-es have been assumed to follow a Markovian
e n nent - ,1 ,

At

i At . )Ct. Wrile this hýas not Leen a severe problem. to sirm,1 etion modeling, the serial cor'elation ' '
dces change f".rT. month to month. For example, the Ypenburg equivalent aerosol IR extinctcn (3.1L - 5.0(,
microns; one hour serlai cor'elatlun ranges from a igh of .9528 in November to a low of .8850 in June.
The yearly weignted serial correlati-.' 1: .9131. A!) these valieo depart from the traditional valu.e of
.9d5. rinoe each month's ol ir.tology for each statlca.o is a function of many varlables, a jnIversal decay
is not appropriat' . Likewise, t-annpsrtIng a set cf serial decays from one station to another introduces
an error In correlation between the eleents of the vector YX in equation :110).
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CHAPTER 7

PREDICTIVE REGRESSION EQUATIONS FOR OPAQUE DATA

7.1 General. Predicting values of electro-optical variables from meteorological observations using
Sstatistical methods has had only marginal success. Court et al. (1982) used both simple and multiple

,,egression equations to establish the best predictive equations for infrared visibility 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 capabilities of an EO/Met forecast model.
Their model was based on a US Navy algorithm that expresses infrared visibility (IRV) as a function of
wind speed, moisture, 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
hourly 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 coefficients of
determination (R 2 ) of IRV by the three methods for one sample period. For a 1-hour time lag, 62 percent
of the variance can be explained by 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 variables into a IRV.

TABLE 18. Coefficients of Determination (R2 ) for Prediction of Infrared
Visibility (IRV in Ik) by Three Regression Methods, (after Court et al., 1982).

MULTIPLE
TIME LAG SIMPLE MULTIPLE EXPONENTIAL

1 .62 .65 .66
3 .47 .49 .50
6 .29 .32 .33

12 .114 .16 .16
24 .04 .04 .06

7.2 Appliottion to the OPAQUE Data. The Ypenburg OPAQUE data was processed for regre. -I* analysis
with the SAS at&tistical package. The SAS STEPWISE procedure provides five methods for evaluating
independent variables for inclusion in a regression model: forward selection, backward elimination,
stepwise, maximum. R' improvement, and minimum R2 improvement. The results of the five methods were very
similar. This section contains only the results of the stepwise regression. Appendix J contains the
stepwise coefficients of determination (R 2) 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
humidity (RH), dewpoint (DP), temperature (T), 10m wind speed (1Om) and 2m wind speed (2m). An F-
statistic of .15 is necessary for entrance into the model.

Tables 19 and 20 show the coefficient of determination (R 2 ) for the January and July visual
extinction and equivalent aerosol IR extinction. An F-statistic of .15 is necessary for entrance Into the
regression model. The stepwise procedure uses the ENDs of the variables rather than the raw variables.
Arlroximately 50 percent or less of the variance of the dependfnt variables can be explained by the
independent variables. This agrees with the results of Court et al. The R values for visuwl extinction
are consistently higher than those of the infrared variables. Additionally, the winter R values are
higher than the summer values. The remaining months also show this pattern.

TABLE 19. Coefficients of Determination (0 2 ) for Ypenburg
January Visual Extinction and Equivalent Aerosol Infrared
Extinction at the .15 Significance Level. -.-

VISUAL EXTINCTION

R2  Variable(s) Entered

.4918 RH
,•= .5296 RH, 2m Wind

.5388 RH, 2m Wind, Temp

.5446 RH, 2m Wind, lOin Wind

r
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EQUIVALENT AEROSOL INFRARED EXTINCTION 3. 4 - 5.0 microns

R2 Variable(s) Entered

.2940 RH

.3091 RH, Dewpt

.3147 Temp. RH, Dewpt

.3159 2m Wind, Temp, RH, Dewpt

.3169 10m Wind. Temp, RH. Dewpt

EWUIVALJUT ABROS0L INFRARED EXTINCTION 8.0 - 12.0 microns

R2 Variable(s) Entered

.1399 RH

.2041 RH, Dewpt

.2107 Temp, RH, Dewpt

.2177 2m Wind, Temp, RH, Dewpt

TABLE 20. Coefticlents ot Determination (R2 ) tor Ypenburg
July Visual Extinotion and Equivalent Aerosol Infrared
extinction at the .15 Signlpfieazw L6vel.

VISUAL EXTINCTION

R2  Variable(s) Entered

.3216 Dewpt

.4463 RH, Dewpt

.4700 10m Wind, RH, Dewpt

.•4853 1Om Wind, Temp, RH, Dewpt

IJJIVALENT AEROSOL INFRARED EXTINCTION 3.4 - 5.0 microns

R2 Variable(s) Entered

.1484 RH

.1606 Temp, RH

.1690 Temp. RH, Dewpt

.1710 10m Wind, Temp, RH, Dewpt

SiJIVALENT AEROSOL INFRARED EXTINCTION 8.0 - 12.0 microns

R2  Variable(s) Entered

.1203 RH

.1627 RH. Dewpt

.1701 Tamp, RH, Dewpt

.1731 1Om Wind, Temp, RH, Dewpt

Several behavior patterns in Tables 19 and 20 deserve comment. flelative humidity is almost always
the rirst predictor in the single regression model, indicating the importance of moisture in the
transmission process. The dewpoint temperature is often the second variable added to the regression
model. In 2the case of the July visual extinct on, the addition of dewpoint temperature significantly
increases R values. However, this increase in R probably is due io relative humidity being used in the
algorithm to calculate dewpoint temperature (Paragraph 2.2). The R values Improve very little after the
addition of the second variable. Thus, a two--parame er multiple regression equation would be most
efficient. However, none of the models show sufficient R value to warrant use in a prediction equation.
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APPENDIX A

SERIAL tORRB.ATION IN FIRST-ORDER MARJ•DV MIODELS

A defining property of the Ornstein-Uhlenbeck process (WhIton, 1982) is that

CoY XT÷6tT x T - P;XT+At • aXT - Ce-B~t (A-I)

which equals p for x distributed N(O,1). Hence, for N(0,1) x,

p - ae-$at. (A-2)

Applying tne boundary ccrditlon that p - I when At - 0 gives the result a - 1. So,

p - 6t (A-3)

If p, Is deflined as the correlation at unit time, where At - 1, then

p, - e-- const. (A-4)

Consider p at n time steps, nAt

-BnAt -B nAt nAt~eP A5

which is the characteristic Markovian correlation decay equation.

FA-!
7 ar x 161 -- N 9t MM a-



APPENDIX B

WEIGHTED LINEAR RE3SSIO(W LEAST SQUARES FIT

The equation of the straight line through a set of points can be represented as:

Yi . Bo +'81 X1 + E(

where c1 is the Increment by which an individual Y falls off the line. For a set of observation pairs
(X,Y) Equation (B-i) can provide estimates b0 and t, for B. and B, respectively,

YI . bo + b1 X1, (B-2)

where Y Is the predicted value of Y for a given X,. The sum of the squares of deviations from the true

line is given. by:

2 2

SSE - E E i = E (YI - Y ai r (Y2I - b - b, X (

where the summations are from i-I t~o N.

For an equation of the form (Welbull distribution):

Q - exp (-a x (B-4)

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

in Q.-' x'

in (-InQ) Inca • •nx

A straight line fit to the set of ordered pairs Inx, ln(-InQ) gives estimates of a and 6. However, this
minimizes the quantity:

E(ln(-lnQ) ln(-lnQ)) (B-6)

rather than E(Q-") as required by equation (B-3).

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

(In(-inQ)) - (- ) ( d -n-

1 nQ dQ -"ln-)

InQ Q

"(Q-I- I
dQ - (Q.nQ) • d(In(-InQ)). (B-7)

B-1
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To Integrate equation (B-7), QInQ must be treated as a constant. Tne error in Q space is therefore
approximately QlnQ times the error in in (-lnQ) space, and

S2 1 2

E (Q-Q) - E ((QlnQ) • (in(-lnQ) -In(-lnQ)) ). (B-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

S((QlnQ) (ln(-InQ) - ina - Blnx) ) . (B-9)

a

Let (QlnQ) be a weighting factor WF. Then equation (8-9) becomL-s:

2
E (WF. (in(-inQ) - In - !nix) ). (2-10)

To determine the estimates of a and B. differentiate equation (B-10). firi'st with respect to a and

theri with respect to B, and set the results to zero.

3SSE a 2 WF
-0- -- • (WF - (In(-lnQ) - Ina - Blnx) ) - -2 E -- In(-lnQ) - Ia - Sin x) (B-I0a)

3SSE a 2
--8- -T- E (We • (in(-lnQ) - ina - Blnx) ) -2 E WF in x • (ln(-lnQ) - Ina - Bin x) (B-lOb)

equating equations (B-lCa) and (B-lOb) to zero, we have:

-2 E (In(-InQ) - Ina - Bin x) - 0

Ina ZWF - E(ln(-InQ) WF) - W(ln x •WF) (B-11a)

-2 E(inx WF(ln(-inQ) - Ina - Bin x)) 0

B -(ln X F) - E(ln X • WF ln(-inQ)) - Ina E(InX • WF). (-11,b)

Equations (B--11a and (B-ilb) are the normal equations for a st-alght line linear regression fit.

Equation (B-11a) can be solved for a by exponentlating both sides:

a - exp (: [WF ln(-InQ)] - BE [WF - inx]) (B-12)
EWF

Substit-iting equati . B-11a) into equation (B-11b) for ina yields a similar expre3sion for 0:

=WF 2[(inx)(8n--InQ))(WF)- [E(W'Inx) E((WF)n(-nQ))(13)

WFf £U(WF)(inx2)) - (EWF inx),)2

Equati:,no (B-12) and (B-13) are the estimates, of i and B for a weighted linear regression least
squares fit. Again the weighting factor WF is (QInQ)

I
0

8-2
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APPENDIX C

YPENBURG MODELING COEFFICIENTS
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APPENDIX D

Range of Ypenburg RNs and RESMAX for Selected Curve Fits

1OW Wind Speed 2m Wind Speed

RMS HR RMS HR RESt'AX HR RESMAX HR RMS HR R9S HR RESMAX HR RESMAX HRJAN .6 11 4.2 9 -. 9 11 -7.8 9 .5 16 2.9 19 -. 9 16 6.5 19FEB 1.2 4 4.3 20 -2.1 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 .6 7 2.5 3 1.1 1 5.6 3APR .9 6 2.7 9 1.6 8 -6.4 18 .4 23 2.6 10 .7 14 5.3 10MAY ,1.0 16 3.8 12 -1.8 16 -9.3 12 0.0 2 7.2 24 0.0 3 7.6 24
JUN 1.3 2 6.3 13 -2.3 11 -13.9 13 .1 5 1.2 24 .4 5 2.7 14JUL .9 4 3.2 10 -2.3 20 6.0 11 .1 24 1.0 20 -. 2 18 2.7 16AUG .9 7 3.9 5 1.8 7 -7.8 18 .1 20 1.7 13 .3 20 4.0 13SEP 1.1 2 3.0 10 2.1 2 -4.6 13 .1 22 1.2 13 .2 18 2.7 6

,•w•OCT .9 5 3.4 14 -1.6 5 -7,0 16 0.0 3 .6 1 .1 3 1,9 21
NOV 1.5 16 4.0 23 -2.7 15 8.1 2 .4 14 2.2 19 .5 6 5.3 19DEC 1.1 3 3.3 20 1.5 3 6.8 20 .4 2 2.2 6 .9 2 -4.0 6

Relative Humidity Sky Cover

RS HR RMS HR RESMAX HR RESMAX HR R4S HR Rls HR RESMAX HR RES'AX HR
JAN 1.2 11 4.0 16 2.4 11 9.1 16 2.0 8 5.7 11 3.8 8 -12.3 11FEB 1.3 8 3.9 23 -2.2 5 -7.9 10 2.1 16 7.5 13 -3.5 8 -15.7 13MAR 1.1 14 3.8 5 -1.9 14 7.4 5 2.9 11 5.4 12 5.5 11 -11.4 13APR .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 11 5.1 5 -1.7 10 -12.7 4 4.7 14 8.0 8 8.8 14 -14.4 8SEP .8 11 3.3 21 1.3 11 -6.4 21 2.8 14 8.5 9 4.9 14 -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 10NOV 1.5 4 3.6 14 2.5 2 -7.'8 11 1.7 27 5.4 14 2.2 17 9.6 10DEC 1.2 22 3.1 12 1.9 16 7.2 12 2.0 8 6.3 11 3.2 8 -11.6 11

Visual Attenuation Visual Extinction

RRS HR RMS HR RESMAX HR RESMAX HR RI4S HR RMS HR RESMAX HR 1'"SMAX HR
JAN 2.3 17 5.1 16 7.5 11 13.5 15 1.8 17 3.6 4 -3.2 21 j,8 23FEB 1.5 10 3.1 7 3.6 2 -7.5 8 1.2 7 3.6 2 3.2 24 8.1 2MAR 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 11.2 5 22.5 19 2.4 1 5.2 19 -4.8 4 -12.7 19"MAY 2.2 7 4.8 22 5.4 6 16.9 t8 1.6 14 6.8 20 -3.9 13 -15.9 18JUN 1.9 7 4.8 14 7.0 7 11.7 19 2.3 5 5.6 18 -5.2 5 -14.8 18JUL 2.0 7 4.5 18 7.7 8 20.5 18 1.4 12 6.9 16 3.5 12 -16.8 16AUG 2.1 3 5.4 11 7.6 6 16.8 8 1.3 18 4.8 21 -3.1 18 -11.1 12
SEP 2.1 7 6.6 15 7.7 7 31.8 15 1.9 9 7.0 15 -3.3 9 -14.4 15OCT 1.9 2 14.7 15 7.3 2 18.1 16 1.0 23 5.0 17 -2.4 23 -10.1 17NOV 3.0 8 6.3 15 12.1 8 27.8 15 2.4 14 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

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 RES1,AX HR RESMAX HRJAN 1.3 9 3.4 14 3.1 9 10.8 114 1.1 18 2.2 4 -2.2 8 -6.0 3
FEB 1.5 3 4.4 15 4.5 8 16.9 15 1.3 23 2.9 14 3.0 23 9.1 15MAR 1.8 20 4.2 15 -6.5 3 -17.9 11 .9 3 2.2 n2 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 14MAY 1.0 23 5.7 12 2.3 23 -26.8 12 1.4 4 4.5 11 1.6 20 -17.1 11
JUtN 1.41 24 4.6 17 2.9 23 -20.0 14 1.1 22 3.3 16 -3.0 22 -10.4 16JUL .7 22 5.1 13 1.5 22 -22.3 14 .8 22 3.8 16 2.5 3 -15.3 14- AUG 1.2 2 6.0 13 2.9 21 -28.0 13 .8 20 4.4 13 2.0 20 -17.3 14 LSEP 1.0 6 6.4 12 -2.7 6 -27.3 14 .9 19 3.9 12 2.0 2 -15.8 13OCT 1.0 19 3.5 15 -2.3 21 -12.5 14 .9 20 2.0 10 -1.8 19 7.5 11
NOV 1.8 15 3.7 13 -5.6 16 -16.7 13 1.4 9 3.5 14 11.8 14 11.8 11DEC 1.6 20 3.2 14 -11.3 3 10.3 13 1.0 10 2.0 11 -2.2 12 4.7 11
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APPENDIX E

LINE SEGMENT FITTING

Figure E-I shows the threshold and corresponding cumulative probabilities for a line segment fitting
,scheme. The cumulative probability represents the probability that the independent variable is less than
or equal to the threshold; i.e., Pr (X < XT). 'The arrays contain both exterior boundaries; i. e., thethresholds for the cumulative probabillitis of 0 and 100 percent. The total number of data points must be
a multiple of the number of line segments desired:

w N t u f n e NP • NLS - 2 , (E-1)

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

V 1 0

S(X 3 , Y3)

LUS

LS I ••.- --- (X 2 ,Y2 )

( Y 0II

THRESHOLD PARAMETER XT

Figure E-1. Example of Line Segment Fitting for Three Line Segments (LSi. IS,. and LS_ )
Pa.ssing Through the End Points (xt,_Z (x, y_)an__d (xL.)", R_.• 9t.tively.

Two line segments in Figure E-1 are to be fit across Ni data points. Only five data points are
shown for clarity. The buginning of each line segment will pass through the point (xi,yi), which defines
the lire segment position and eventually the slope. Although the (xi ,yi) points don t necessarily have
to correspond with a threshold, they are chosen this way to aid in storage of the final (xI ,yj)'s for all
Itie sepents. Tho heginning and ending of the two line segments are defined by the two boundary

,•l,•ition.': the initial. Line segment LS must pass through the zero percent CDF point (xi, yi), and both
line segments must pass through (x 2 ,y 2 ).

Let a, and a2 be the slopes of line segments LSI and LS2, respectively, and let b, and b2 be the y-
intercepts of rLS and LS9, respectively. For the two line segments, the equations for a straight line
are:

z9-1
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y - a, x + b, (E-2a)

y - a2 x + b2  (E-2b)

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

Sy , a, (x - x2) + y2 (E-3a)

y - a. (X - X2) + Y2. (E-3b)

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

y2 - yl
a, -• (E-4)

Setting up the regression equations, the sum of the squares of errors (SSE) for the two line
segments become Z and E and are the summations over LSi and LS2 respectively:

1 2

SSE, - E (yi - a,(xi x2)-y2) (E-Sa)

SSE2 - E (Yi - alxi-x2)-Y2) "(E-5b)

The total sum of the square of errors SSET is the sum of the SSEs over two line segments:

SSET - SSE, + SSE 2 . (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 y2:

SSE - - 2 (Y - a (x - x .) - y .) (x-- 2) -2 E (y -a ,(x -x 2)-y 2) (E-7)

2y 2  I Ix

3SSE- 2(T (y-a,(x- )) (x.-x
2 ) (E-8)

2a2  2

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

(y1 -a,(~- 2)-y 2)xi- x=

1 (Y" a(x x)- Y2) X X2 + 1 (y- a 2 (x- x0)- y2) - 0 (E-9)

* 2
, Y (x- x2 ) - a. Z (x 1- X') - y, E (X1- x') 0 0. (E-10)

Solving for a. in equation (E-10) gives:

2 Yi(x - x2 ) - y2 2 (x 1 _ x2 )(xI X23x

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

E-2
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Al y A2 2 Y

,IS1 = E- (x )Y B2 - (x x2 )yi

Cl1- (x1- X2) C2- 1xi- x2)

2 2

D1 - , rx2 ) D2 - 2 (x1 _ x2)

NlY, I Y, N 2Y2 = 2 Y2

E - (x,- x,)

Using these substitutions, equations (E-4) and (E-11) become:

y,- yl B2- y2C2
a, E and a2 - D2 (E-12)

Substituting a, and a2 rrom equation (E-12) inLuo equation (E-9) gives;

" "(y.- y,) D1 (Y2- YO) C1 B2- y 2 C2
I [ -1 - E y 2 C1] + [Al NIY 2 ] + A2 - N2y2  0 (E-13)

E D2

SSolving equation (E-13) for y2 gives:

B1 B2*C2 Y Di
Al + A2 + - D2 + E- (-E C)

w• Y 2- D 1 2 C (E - 14 )
Dl + 2 C2C2 + N1+ N2

E"E E D2

Since the point X2 falls on an observed threshold that is used in fitting both line segments, the

erroc at this point it counted twice. The contribution of oxie thepe errors must be subtracted from y2.
Let y be the observation at X2. The squared error at x, is (y -y2) and the corrected sum of the squared
"errors becomes:

SSET - SSET (uncorrected) - (y-y 2 ) . (E-15)

This correction term shows up only in the partial differentiation with respect to Y2 (see equation
E-7)

a (yy) 2  2 (;-Y). (E-16)

Therefore,

(corrected) SSET (uncorrected) + 2 (yy 2 ) . (E-17)

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

E-3
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Al + A2 B1 B2 D C2 Y -1

YA2 F2 E (E-18)

+l 2 (C2) +N+N
-2 - + N.+. . 1

E E D2

where N% and Na are the number of data points in line segment fits LSi and IS:, respectIvely.

E-4



a

APPENDIX F

EFFECT OF OBSERVATION ERROR IN CORRELATION

BrooKs and Carruthers (1953) expand the basic correlation equation to show that the' actual
correlation 13 larger than the correlation derived from the measored data. Wltn certain assumptions,
correlations derIved from observed data can be signtficantly Improved.

Let X and Y be two measured variables, let x and y be the deviations of X ard Y frcm theIr nean
values, let N be the number of L;airs of observations, and let ax, a., be the standard deviations of the X
and Y series. If d and e are random errors of observation of X and t, reapertively, the deviations of the
observed values from their means can be written:

- x * d
(F-I)

S-y e.

The correlation coeffilient between two. vari-b,-es X and Y is:

r -z (x X) (Y - ")t (F-2

xy-2 4Th
41Z - X) t-y E2)__

which can also be writtern:I I NxY - NNY
r E N -uXY (F-3)xy N Gx 0

Substituting the equations fur a ard 0 (equation 5-1-1) Into equation 5-1-3,

a8 E [(x + a) (y e)] - N ix + d) Gte)
r -- N(F-4i)'S. raB "N a aB N 08

In expanded form the numerator becomes,

Exy * Exe * Edy * Ede -NLxy *xe d * de] (F-5)

Rearranging terms Ir, equation (F-b),

(Fxy - Nxy) * (Exe - Nxe) + (Edy - tidy) * (Edo - N de; (F-6)

From the definition of the correlation coefficient in equatior (F-3)", each of the terms In equation
(F-6) can bc wrItte:; in the form:

Nr a - Exy - Nxy (F-7)
XY (y

U' ing the format of equation (F-7) for" eahl; uf the terms Jin e:4uatior (F-V. th nurmuerator bcomes:

Sr o - Nr ao *a N'/ 0 ;h' cr -)"xy x y X,-x x d y oe y d d e-

Inserting the nrumerato:r (eqati srF--) I-l ,: iW_ .t e.uation (F - ,12 y x exe X C, d v
d 9);o

-4
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If we assume that the random errors d and e are entirely independent of each other ana of X and Y,

the correlation terms Involving d and e become zero:

0u 06 I'-.

ry a B r ,(F~-IO) •'
xy O~0 x ay C

where

2 2 2a 13 0X÷O
(I x dI

2 2 2
aB - +y e

T;erefore, the actual correlation between two variables is larger than the correlation derived from

the measured values. Furthermore, a quantltative estimate of the actual correlation is polsible where tile
as3umptior. that the random errors of uoservatlon are entirely Independent of each other holds.

F --



APPENDIX G

YPENBURG SERIAL CORRELATION COEFFICIENTS
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SERIAL CORRELATION COEFFICIEN-1; AND EXPONENTIAL DLCAY FUNCTIONS
YPENBURG VISUAL AMTENUATION (PER KM)

JANUARY
H I HRB 2 RR 3 Hlrk 6 IFR 9 HR 12 EIR 1o %.I 24 F'.

OVERALL 0.9407 0.8923 0.8562 0.7615 0.6809 0.6249 0.5029 0,4072

YEAR 1 0.9394 0.89923 0.85,2 0.7405 0.6123 0.5292 0.408! 0.3135
703 700 696 687 681 675 666 661

YEAR 2 0.9179 O.B629 0.8170 0.7250 0.6530 0.5854 0.4339 0.3096
731 730 729 726 723 721 715 709

YEAll 3 0.9287 0.8669 0.82!4 0.6881 0.5800 0.5346 0.3848 0.2772
743 742 717 738 73.1 732 726 720

YEAR 4 0.9490 0.8998 0.8658 0.7803 0.7129 0.6546 0.5332 0.4344
716 715 714 711 708 705 699 693

FISIIZ 0.9346 0.81112 0.6417 0.7347 0.6421 0.5784 0.4417 0.3347
LINEAR REG 0.9239 0.8842 0.8462 0.7416 0.6500 0.5697 0.4376 0.3362

TOT NUN OBS IHK COR 2893

FEBRUARY

HR I HR 2 HR 3 1l 6 HR 9 HR 12 RR1 18 H11 24
OVERALL 0.9461 0.8923 0.0396 0.6(96 0.58483 0.51.12 0.4036 0.3507
YEAR 1 (6.9339 0.8628 0.8044 0.6539 0.558c9 0.4779 0.3556 0.1828

633 629 627 619 613 608 597 587
"YEAR 2 0.9516 0.8960 0.8428 0.6854 0.5346 0.4340 0.2021 0.2247
YA628 626 624 61L 612 606 594 582

0YEAR 3 .9166 0.8501 0.7787 0.6140 0.4927 0.4042 0.2533 0.2417
693 692 027 668 685 682 676 670

YEAR 4 e.9694 0.9352 0. 1978 0.7986 0.7280 0.6809 0.6510 0.6275
630 629 628 625 622 619 613 607

FISHZ 0.9459 0.8903 0.8370 0.6934 0.5848 0.5068 0.3986 0.3357
LINEAR REG 0.9232 0.0783 0.8356 0.7194 0.6194 0.5332 0.3953 0.2930

"MARCH 1

Hit I 1128 I R R t1211111 111IM24
OVERALL 0.9307 0.8722 0.8250 0.7015 0.6109 0.5:115 0.4232 0.3534

YEAR I 0.9388 0.8962 0.8550 0.7666 0.6879 0.6050 0.5024 0.3973 .)'
550 539 528 496 401 457 472 523

YEAR 2 0.6965 0.6062 0.7504 0.338 0.4344 0.3341 0.1965 0.j
506 513 577 567 559 552 f36 561

YEAR 3 0.9303 0.8654 0.6495 0.7027 0.6077 0.5451 0.4110 0.3727
737 735 737 730 727 724 719 712

YEAR 4 0.9267 0.86662 0.8109 0.6645 0.5600 0.4631 0.35367 0.20556
743 742 741 730 730 732 726 720

FISIAZ 0.9254 0.78620 0.0116 0.6768 0.5764 0.4921 0.3699 0.129511
LINEAR 4EG 0.9056 0.0856 0.8148 0.6947 0.11925 0.9054 0.3677 0.2675

TOT NL) OL illR COR 2610•

HR I Hi 2 HlR a fil 6 hil 9 71l3 12 72 Ii HR 2496
OV-]AL 0.9312 0.4657 0. 7664 0.6630 0.5490 0.4731 0.4064 0. 32-12YEAR 1 6.9301 G. 61"o16 0.77(.5 0.6214* 0. 5;411 0.4163 @. 2{P-ep. 0. -- 15 1•-,•?

565 563 561 55ti 5349 54"3 531I 519 •.•:

YEAR E 2 0.89350 0. 0423 0. 8205 0. .6 751 0.5483 0.47491 0.3323 0.2606
717 7216 71 712 709 706 700 694

YEAR 3 0.a962 0.71456 0.6901 0.40t49 0.30131 0.2311 0.2426 O. 1719 •
717 71c 7 10 71i2 709 706 700 694

YEAR 4 0. 93111 O). 8045 0. 14 111 0.731 1 0.63500 0.5932 e. 504,2 0. 46Ht7
719 7111 717 714 711 7011 702 696

F I fHZ 0.9266 0. R's 116 0.7q17 0.60374 0. f 156, 0.4322 ). 3 5 54 0. 1-1105 -,
LINEAR REA; 0. 0930J 0.043 1 0.7961l 0.6701 0.54)41 0.4749 0.3•365 0. 2304 .,.

1T01 MUM OB3F lwlt coil, 271bJ



SERIAL COPRELATION COEFFICiENITS AND EXPONENTIAL DECAY FUNCTIONSYPF_.NB•rv VISUAL AnMFNUATION (PER E31)

NAY

RiR HR 2 HR 3 HR 6 HR 9 BR 12 U, Ila HR 24
OVERALL 0.932'. 0.8670 0.8066 0.6621 0.579N 0.5374 0.5023 0.4754
YEAR 1 0.9092 0.8146 0.7383 0.5363 0.4297 0.4091 0.3847 0.3845

656 655 654 651 648 645 639 633
YEAR 2 0.9271 0.8432 0.7559 0.5713 0.4514 0.3850 0.3595 0.3272

625 623 621 615 609 603 591 579
YEAR 3 0.9007 0.8234 0.7584 0.5919 0.5169 0.4713 0.4191 0.3712

739 738 735 734 731 728 722 716
YEAR 4 0.9458 0.8831 0.8164 0.6509 0.5174 0.4428 0.3771 0.3574

738 736 734 730 727 724 718 712
FISHZ 0.9229 0.8441 0.7704 0.5915 0.4825 0.4301 0.3866 0.3612
LINEAR 91 G 0.8590 0.8180 0.77a8 0.6724 0.5805 0.5011 0.3735 0.2783

TOT NUM OBS 811 COR 2758

JUNE

PR I HR 2 1R 3 HR 6 HR 9 HR 12 8R 18 R 24
OVERALL. 0.9062 0.8313 0.7664 0.5960 0.4905 0.4322 0.3224 0.2518
YEAR 1 0.9045 0.8098 0.7!56 0.4967 0.3780 0.3177 0.2472 0.2469

717 716 715 712 709 706 700 694
YEAR 2 0.8692 0,7907 0.7320 0.5689 0.4995 0.4916 0.4161 0.3249

423 420 417 408 399 390 373 355
YEAR 3 0.9299 0.8669 0.8130 0. 6671 0.5446 0.4538 0.2898 0.2016

62.1 621 618 609 600 591 573 557
YEAR 4 0.0600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0
FISHZ 0.9076 0.8282 0.7578 0. 378 0.4681 0.40B3 0.3018 0.2489
LINEAR REG 0.8704 0.0ISs 0.7647 0.6297 0.5185 0.4270 0.2895 0. 1963

TOT NUl 0BS IIL 1 COtR 1764 ,

JULY

ll I HR 2 H.R 3 HR 1 H. 9 HR 12 HR 18 11 24
OVERALL 0.9224 0.8421 0.7647 0.5897 0.4694 0.3694 0.2795 0.2050
YEkR 1 0.93 13 0.8574 0.7940 0.6591 0.5672 0.5135 0.4268 0.3812

743 742 7,41 738 735 732 726 720
YEAR 2 0 8997 0.7930 0.6893 0.5089 0.4046 0.2725 0.1608 0.0542

617 614 611 601 592 53 565 547
YEAR 3 0.9332 0.8605 0.7850 0.5766 e.4289 6.3106 0.2182 0.1157

741 740 701 736 733 730 724 718
YEAR 4 0.9099 0.8249 0.7440 0.5660 0.4412 0.3449 0.2639 0.2114

702 699 696 687 678 669 656 644
FISHZ 0.9207 0.8378 0,7585 0ý58338 0.4665 0.3698 0.2773 0.2021
LINEAIB G 0.18920 0.8207 0.7690 0.6171 0.4948 0.3966 0.2549 0.1638

"T07 NUN OBS I[]4 C(lt 2803

AUGUST

HR I IM 2 1R 3 HR 6 5R 9 HR 12 PR 18 HR 24

OVERALL 0.9362 0.0732 0.V0164 0.6640 0.5870 0.5169 0.4392 0.3654
YEAR 1 0.9215 .& 1 8364 0.7553 0.5343 0.3945 0.3429 0.3332 0.3233

681 6711 676 670 664 658 646 634
YEAR 2 0.0915 0.8O140 0.7522 0.5910 0.46014 0.3800 0.2745 0.2097

525 521 517 505 494 463 470 464
YEAR 0 . 9258 0.8400 0.7679 0. 6325 0.5391 0.4921 0.3808 0.2638

649 646 640 634 625 616 604 592
YEAB 4 0. 94311 0. 881 I 0.8390 0.7196 0.6,i69 0.4662 0. 3347 0.2522

732 730 7238 722 716 712 706 700
FIsHZ 0.9247 0.8510 0. 7047 0.6204 0.5128 0.4310 0.3481 0.2661
L1INEAI MUEC 0.16922 0.8406 0.7919 0.6622 0.5537 0.4530 0. 3237 0.2263

TOT NUN 0118 11111 COR 2587

G-*3
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUrNCTIONS
YPENBURlG VISUAL ATTENUATION (PER KM)

SEPTEMBSER

ER• I HtR 2 HtR 3 HR 6 ilR 9 im 12 EFR 18 HtR 24
OVERALL 0°9295 0.8647 0.8023 0.6513 0.5123 0.4271 0.3470 0.2778
YEAR I 0.9162 0.8334 0.7568 e.5329 0.3182 0. 1691 0.0540 0.0946

443 442 441! 438 435 432 426 420
YEAR 2 0.8925 0.8187 0.7517 0.5908 0.4457 0.3732 0.2772 0.2285

675 673 671 665 659 653 641 632
YEAR 3 0.928,5 0.8463 0.7648 0.5637 0.3742 0.2517 0. 1341 0.0253

632 626 638 605 595 593 585 576
YEAR 4 0, 9405 O.E887 0. 8315 0. 7077 0.53966 0. 5268l 0. 4697 0. 3728l

719 71I0 717 714 711 708 702 696
F ISHTZ 6.9220 0.8502 0.7817 0.6129 0.4564 0.3543 0.2664 0.2013
LINEAR REEG 0.9080 0.8418 0.7804 0.6219 0.4956 0,3950 0.2508 0.1593

TOT NUM 0BS 1HR COR 2469

OC TOBER,

HR I HR 2 HR 3 EER 6 HIR 9 HR 12 Hit 16. HR 24
OVERALL 0.9526 0.9119 0.8739 0.7749 0.6925 0.6408 0.5507 0.5105
YEAR I e.9256 0.93534 0.7889 0.6001 0.5061 0.4588 0.3962 0.4125

581 579 577 571! 565 559 547 537
YEAR 2 0.9656 0.9341 0.9610 0.8072 0.7054 0.6349 0.5177 0.4394

708 707 706 703 700 697 691 685YEAR 3 0.9242 0.&353 0..7933 0.66u 1 0.s5479 0.4886 0.3734 0. 3476
696 693 699 6B2 673 664 647 637

YEAR 4 0.9150 0.859,5 0.O1091 0.6769 0.55;9 0.4666 0.2893 0. 1932 ,
743 742 741 738 735 732 726 720

FISHZ 0.9365 0.8823 0.8315 0.6997 0.5883 0.5169 0.3965 0.3458
|:|INFAR RF.V- 04 151~ 0-972! 0, FUA I 0:71_92 0,6•2-25 0 5387? 40ý.5. 0.."130"'2"

TuT Num'f 013 IHR COR 2726 IV,

N•OVEMBER

EIR I EIR 2 HH. 3 RR 6 HR 9 EER 12 HR 18 EUR 24
OVERALL 0. 9490 0. 9079 0. 8702 9. 7786 0. 7160 0.6658 0O. 5878 0. 5461
YEAR 1 0.9196 0.8693 0.8285 0.7113 0.6194 0.5615 0.4765 0.3926

71!9 716 717 7 14 711 708, 702 696
YEAR 2 0. 966 ! 0. 9374 0. 9139 e. 8622 0.8i286 0. 7945 0. 7351 0. 6846 ,

717 716 715 7 1: 709 706 700 694
YEAR 3 0.9125 0.8437 0.7696 0.5752 0. 4373 0.3391 0.2232 0.2215

7 17 716 621 7 12 709 706 700 694
WFAR 4 0.9321 0,8633 0.8020 0.6672 0.5856 0.5122 0.3680 0.3012

6 19 613 607 594 583 575 562 559
FISWZ 0.9366 0.6854 0.8413 0.7:249 0.644-4 0.51109 0.4813 0.4253
LI NEAR REC. 0. 9078 0.6747 0. 8428 0. 7540 0. 6745 0. 6033 0. 4828 0. 3864

TOT N UMI OBS 1111 COR 2772

DECEMBER

FUR I HUR 2 FIR a TR 6 HiR 9 FIR 12 RR I13 HR 24
OVERA•LL 0.9410 0.8911 0.8424 0.72013 0.6248 0.5589 0.5110 0.4679
YEAR 1 0.9628 0.9267 0. 800 0.7715 0.66913 0.6006 0.6037 0.6177

552 549 546 537 528 fs 19 501 484
YEAR 2 0. 9663 0. 9379 0.91i47 0. 8620 0. 0279 0. 7935 0. 7345 0. 6B39

693 692 691 688 665 602 076 670
YEAR 3 0.9125 0,8%26 0.78lZ4 0.6390 0.5213 0.4269 0.3412 0.3157

743 742 '28 738 735 7:12 726 720
YEAR 4 0.9075 6.6i275 0.7433 0.5405 0 4128 0.3200 0.22@6 0. 1435

72Ht 725 723 717 711 706 700 694 _
FISirz 0.9413 0.8904 0.0423 0.7206 0.6306 0.5507 0.4912 0.4500 t
LINEAR R4EG 0.9045 0.8•725 0.0413 0.755-2 0. 6778 0.6002 0.4099 0.3945 -

TOT P UN OBS I HR COR 2716 "

G-4 Z.



SERIAL CORRELATION COEFFICIENTS AND EXFONENTIAL DECAY FUNCTIONS
YPENBURG VISUAL EXTINCTION (PER KH)

JANUARY

HR1I H1 2 HR 3 1:R 6 1R 9 11R 12 1R 18 HR 24
OVERIALL 0.8892 0.8366 0.7956 0.6944 0.6231 0.5823 0.4717 0.3728
YEAR 1 0.8990 0.8517 0.8115 0.6987 0.5775 0.4977 0.3616 0.2661

703 700 696 687 681 675 666 661
YEAll 2 0.8669 0.8011 0.7356 0.6374 0.5651 0.5070 0.3553 0.2402

717 714 714 710 707 705 699 693
Y9Af 3 0.9031 0.8299 0.7796 0.6538 0.5449 0.4940 0.3291 0.2215

714 712 710 704 698 692 680 668
YEAR 4 0.8556 0.7995 0.7624 0.6430 0.5876 0.5638 0.4748 0.3565

716 715 714 711 708 705 699 693
FISHZ 0.8827 0.8216 0.7735 0.6586 0.5692 0.5165 0.3823 0.2729
LINE.AR BEG 0.8648 6.18230 0.7833 e.6751 0.5819 0.5015 0.3726 0.2768

TIOT NIU OBS 111 COR 2050

FEBRUARY

HR I HR 2 11R 3 HR 6 1R 9 HR 12 HR118 a al24
OVERALL 0.9222 0.8638 9.a994 0.6564 0.5553 0.4739 0.3609 0.3137
YEAR 1 0.9154 0.8384 0.7668 0.5918 0.4894 0.4172 0.21900 0.0711

58a 575 572 561 552 544 527 511
YEAR 2 0.9343 9.8834 9.18248 0.6682 0.5584 9.4612 0.2869 0.24•2

623 621 619 613 607 601 589 577
YEAR 3 0.9091 0.8412 0.7781 0.6012 0.4654 0.3502 0.2027 0.2063

693 692 691 688 685 682 676 670
YEAR 4 0.9215 0.8851 0.8524 0.7433 0.6821 0.6342 0.6463 0.6249

630 629 628 625 622 619 613 607
FFISHZ 0.9204 0.8636 0.8085 0.6558 0.5547 0.4721 0.3706 0.3.19

SI1NEAR BEG 0.8964 0.8504 0.8067 0. 6186 0.5878 0.5018 0.3657 0.2665

•",>,TOT NUMN OBS IPAM C0R 2526 •|

lRIB HR 2 1]• 3 IR 6 EIR 9 ER 12 111 !8 0 P, 24,•"

OVERALL 0.8857 0.0160 0.7754 0.6373 0.5248 0.4433 0.3582 0.2972
YEAR I 0.8731 0.7978 0.7714 0.6511 0.5318 0.4163 0.3253 0.2552

647 644 644 634 625 61!6 599 585 K,
YEAR 2 0.7945 0.7010 9.6245 0.4303 0.2634 0. 1932 0.1594 0.0074

457 451 446 432 421 411 3189 372
YEAR 3 0.18831 0.7937 0.7446 0. 51194 0.4962 9.4332 0.3088 0.2738

702 699 696 691 68 680 671 664
YEAR 4 0.9021 0.8406 0.7962 0.6394 0.5065 0.4117 0.3178 0.2569

"741 740 739 736 733 730 724 718
FISWLZ 0.8743 0.7961 0.7504 0,5971 0.4729 0.3848 0.2923 0.2232
LINEAR BEG 0.8520 0.7977 0.7469 0.6131 0.5033 0.4131 0.2783 0.1875

"7OT 10UN 0135 !lut Coll 2547

APRIL

HR11 1H 2 HR 3 11 6 HR 9 11R 12 6E18 1 I1 24 wv
OVERALL 0.13785 0. doi 0 #0. 7362 0.5764 0. 4589 0. 41 tl 0.3589 0.2990•:YEAR 1 0. 1158 0.7030 0.5986 0.3766 0.2642 0.2399 0.1994 0.1435

551 547 545 536 530 526 5 If) 506
YEAR 2 0.9030 0.3:8317 0.7778 0.5988 0.4552 0.3593 0.2795 0.2265

713 711 709 706 703 700 694 688
YEAR 3 0.0330 0.7146 0.6133 6.4074 0.2406 9.1988 0.1842 0.1229

715 714 713 710 707 704 698 642
YF All 4 0.8587 0.7798 0.7448 0.6063 0.4965 0.4724 0.3891 0.2736

382 380 378 372 366 360 349 337
FISIIJZ 0.8585 0.7666 0.6895 0.4975 0.3571 0.3038 0.2501 0.11831
LI-IEARREG 0.0105 9.7556 0.6979 05.495 0.4327 0.3407 0.2112 0.1309

Soc-s

WT N2



SERIAL CORRELATION COEFFICIENTS AND EXTONENTIAL DECAY FUNCTIONS
YPENBURG VISUAL EXTINCTION (PER KM)

MlAY

HR 1 11 2 HR 3 HR 6 HR 9 HR 12 HR 18 11 24
OVERALL 0.8857 e.8240 0.7565 0.6082 0.5332 0.4975 0.4663 0.4323
YEAR 1 0.7903 0.7264 0.6013 A-3185 0.2055 0.2251 0.0937 0.1605

546 544 542 536 530 524 512 Soo
549 543 541 530 518 506 487 474

YEAR 3 0.8601 0.7775 0.6940 0.5101 e.4161 0.3785 -0.3696 0.3078
735 734 733 730 727 724 718 712

YEAR 4 0.8616 0.7877 0.7278 0.5554 0.4317 0.3685 0.3575 0.3704
736 736 734 730 727 724 718 712

FISWZZ 0.8568 0.7800 0.6966 0.5036 0.4015 0.3577 0.3151 0.2962
LINEAR REG 0.7957 0.7514 0.7096 0.5976 0.5033 0.4239 0.3006 0.2132

TOT NUN OBS 119t COR 2568

HiR I Ff 2 HR 3 RR 6 11 9 HR 12 HR 18 HR 24
OVERALL 0.8355 0.7310 0.6505 0.4838 0.4179 0.3689 0.2704 0.2153
YEAR t 0.8142 0.6948 0.5919 0.3897 0.3545 0.3367 0.1678 0.1493

715 714 713 71., 707 '704 698 642
YEAR 2 0.7857 0.6718 0.5a82 0.4500 0.3894 0.3081 0.2984 0.2304 4'

407 404 399 387 375 364 349 331
YEAR 3 0.8833 0.7995 0.7420 0.602' 0.5189 0.4657 0.3769 0.2884

511 503 495 476 462 448 431 418
YEAR 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0
FISHZ 0.'8331 0.7263 0.64a2 0.4763 0.4149 0.3698 0.2619 0,2090
LiNEAR RE', G. 7 73 ý'.72O e K- 2 041% o.q3685 0.2459 0.1640

TOT N UNl OBS 1IfR COR 1633

HR I 3ll 2 HR 3 HR 6 HR 9 i1t 12 HR111 I 1R 24
OVERALL 0.8777 0.7942 0.7278 0.5528 0.4450 0.3558 0.2362 0.1803
YEAR 1 0.832) 0.7112 0.6335 0.4917 0.4283 0.3618 0.2861 0.2686

741 740 739 736 733 730 724 718
YEAR 2 0.8271 0.7537 0.6971 0.5449 0.4419 0.3674 0.187! 0,1339

373 370 367 357 348 339 321 303
YEAR 3 0.9111 0.8421 0.7746 0.5785 0.4540 0.3538 0.2039 0.0527

602 600 599 596 593 590 584 578
YEAR 4 0.8640 0.7621 0.6824 0.4548 0.31 1 0.1912 0.0793 0.1039

543 540 537 528 5.) 51e 492 474
FISHZ 0.8646 0.7706 0.6976 0.5164 0.4117 0.3220 0.2017 0.1525
LINEAR HEC O.B390 0.7704 0.7074 0.5477 0.4241 0.3203 0.1968 0.1180 i.

TOT NUN 013 1011 COR 2259

AUGUST

H m 112 HR 3 HR 6 11 9 HR 12 H1 l HR 24
OVERALL 0.8776 0.7923 0.7370 0.6135 0.5272 0.4569 0.3404 0.2b43'
YEAR 1 0.8980 0.8309 0.7763 0.6000 0.4689 0.3031 0.3630 0.2299617 608 602 5o7 574 563 546 539YEAR 2 0.8273 0.7269 0.6821 0.5344 0.4320 0.3776 0.2818 0.1545

511 506 502 491 480 468 456 452
EAR, 3 0.8672 0.7566 0.6801 0.5635 0.4047 0.4406 e.3254 0.2417

621 618 615 606 597 588 570 552
YEAR 4 0.8636 0.7731 0.7191 0.6076 0.5328 0.4360 0.2602 0.1923

743 742 741 738 735 732 726 720
FISHZ 0.8675 0.7765 0.7181 0.5806 0.4860 0.4133 0.3057 0.2060
LINEAR REG 0.8334 0.7823 0.7343 0.6072 0.5022 0.4153 0.2040 0.1942

TOT NUN OS I11 COB 2492

G-6



SERIAL CORBELATION COEFFICIENTS AND EXPONENTIAL DECAY FUINCTIONS
YPEWIHURA VISUAL EXTINCTION (PER IVDr)

SEPTEMBER

ERM R m2 HR 3 H8 6 HR 9 HR 12 KI a HR 24
OVERALL 0.8927 0.8342 0.7939 0.6794 0.5771 0.5326 0.4401 0.3654
YEAR 1 e.6538 0.5760 0.5612 0.4607 0.2437 0.2144 0.0035 0.0210

367 365 365 362 359 356 350 344
YEAR 2 0.8603 0.7074 0.7325 0.5622 0.4987 0.4752 0.3455 0.2665

656 652 648 639 630 622 610 600
YEAR 3 0.9069 0.8273 0.7573 0.6006 0.4442 0.3551 0.2632 0.1564

662 659 656 647 63a 629 611 593
YEAR 4 0.9299 0.8699 0.8170 0.6796 0.5504 0.4612 0.3509 0.2147

310 308 306 300 294 288 276 264
FISH7. 0.8688 8.7892 0.7333 0.5844 0.4458 6.t882 0.2578 0.1771
LINEAR REG 0.8517 0.7921 0.7366 0.5924 0.4765 0.3832 0.2479 0.1604

TOT NUJM 018 1811 COR 1995

OCTOBER

HR I HR 2 1R 3 HR 6 HR 9 HR 12 1R 18 Hit 24
OVERALL 0.9243 0.8721 0.8277 0.7252 0.6506 0.5952 0.5066 0.4617
YEAR 1 0.9217 0.8730 0.8332 0.7366 0.6736 0.6150 0.5257 0.5097

469 486 483 474 466 468 448 437
YEAR 2 0.9397 0.9000 0.8521 0.7231 0.6102 0.5361 0.4246 0,3596

696 696 694 688 684 681 675 669
YEA•. 3 0.8953 0.7960 0.7283 0.6066 0.5073 0.4407 0.3579 0.3461

692 689 687 678 669 661 642 632
YEAR 4 0.8618 0.7805 0.7166 0.568138 0.4906 0.4248 0.2887 0.1866

743 742 741 736 735 732 726 720
FISHZ 0.9071 0.8415 0.7853 0.6568 0.5649 0.4971 0.3892 0.3366
LINEAR BEG 0.8729 0.8325 0.7939 0.6885 0.5972 0.5179 0.3896 0.2930

TOT NUN OBS 11111 COR 2622

NOVEMBER

HR I HK 2 HR 3 HR 6 H 9 HR 12 ilR 18 HR 24
OVERALL 0.9097 0.8672 0.8227 0.7199 0.6559 0.6096 0.5581 0.5140
YEAR 1 0.8367 0.7499 0.6967 0.5179 0.4173 0.4030 0.3306 0.2054

714 712 711 706 705 703 698 692
YEAR 2 0.9474 0.9234 0.8989 0.8467 0.6172 0.7853 0.7499 0.6879

701 700 699 697 693 690 684 678
YEAR 3 0.8760 0.8005 0.7017 0.4602 0.3436 0.2522 0.2003 0.2185

717 716 715 712 709 706 700 694
YEAR 4 0.8599 0.6108 0.7554 0.6340 0.5513 0.4812 0.38>88 0.3391

696 694 692 666 680 674 662 652FISH7 0.8887 0.8342 0.7796 0.6481 0.5652 0.5116 0.4468 0.3845

LINEAR BEG 0.0488 0.8156 0.7836 0.6952 0.6167 0.5471 0.4306 0.3389

TOT NUMl OBS IHR COIl 2828

DECEMBER
HR I HR 2 HR 3 HK. 6 HR 9 HR 12 1.R18 1 1124

OVERALL 0.8B94 0.8236 0.7681 0.6260 0.5271 0.4675 0.4264 0.4098
YEAR 1 0.9334 0.8970 0.8545 0.7441 0. 638 0.5886 0.6152 0.6316

574 572 570 564 558 552 540 526
YEAR 2 0.9473 0.9238 0.8998 0.8483 0.6156 0.7830 0.7497 0.6872

677 676 675 673 669 666 660 654YEAR 3 0.8353 0.7569 0.7101 e•.5473 0.4331 0.3574 0.2686 0.2719-'

736 734 733 730 727 724 720 714
YEAR 4 0.8406 0.7377 0.643Z 0.4344 0.3457 0.2719 0.1851 0.0997736 736 735 732 729 726 720 71!4 , •
FISI1Z 08977 0.1429 0.7932 0.6666 0.5823 0.5230 0.4745 0.4343
LINEAR BEG 0."23 0.8226 0.7938 0.7136 0.6414 0.5766 0.4b59 0.3764

TOT NUM OBS IHR COB 2725

G- 7
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG AEROSOL INFRARED TRANSMISSION 3.4-5.0 MICRONS (R)

JANUARY

HR 1 HR 2 11R 3 HR 6 HR 9 E]R 12 HR 18 1IR 24
OVERALL 0.7266 0.6283 0.5531 0.4337 0.3894 0.3545 0.2873 0.2345
YEAR 1 0.6417 0.5495 0.4982 0.3792 0.3154 0.2765 0.2189 0.1741

642 638 634 625 619 613 605 599
YEAR 2 0.7190 0.6074 0.5164 0.4516 e.3936 0.3279 0.2339 0.1453

702 697 697 693 690 687 681 676
YEAR 3 0.6886 0.5907 0.4944 0.3224 0.3077 0.2928 0.1837 0.1681

728 726 723 716 713 710 704 698
YEAR 4 0.7261 0.5941 0.5109 0.2840 0.2290 0.2136 0.2220 0.1548

698 696 696 69 1 687 683 677 672
F1SHZ 0.6963 0.5866 0.5051 0.3605 0.3126 0.2785 0.2143 0.1603
LINEAR REG 0.6322 0.5880 0.5470 0.4402 0.3543 0.2851 0.1847 0.1196

TOT NUN 0BS IH1R COR 2770

FEBRUARY

HR I HR 2 HR 3 E11 (; HR 9 HR 12 HR 18 HR1 24
OVERAL.L 0.7798 0.6927 0.5315 0.4423 0.3356 0.2655 0.1402 0.0989
YEAR 1 0.7899 0.6850 0.6039 0.4570 0.3584 0.3014 0.2008 0.0919

623 618 615 605 599 594 583 573
YEAR 2 0.7635 0.6786 0.6268 0.3918 0.2701 0.2393 0.1033 0.1375

573 573 566 555 544 540 531 519
YEAR 3 0.8113 0.7251 0.6651 0.4956 0.3733 0.2267 0.0392 0.0337

671 667 663 657 652 648 642 636
.EAR 4 0.6965 0.6256 0.5704 0.3408 0.2029 0.2917 0.2963 0.2732

606 604 602 596 590 584 572 561
FISHrZ 0.7700 0.6814 0.6108 0.4257 0.3242 0.2647 0.1591 0.1317
LINEAR REG 0.7455 0.6794 0.6192 0.4688 0.3549 0.2686 0.1540 0.0882

TOT NUN 0BS 1HR1 CGR 2473

MARCH Q~
HR 1 HR 2 HiR 3 HR 6 8R 9 HR 12 lIP 18 a 824

OVERALL 0.7281 0.6411 0.5699 0.4031 0.3332 0.2787 0.2228 0.2239
YEAR 1 0.7908 0.7638 0.7283 0.6127 0.5760 0.5353 0.4851 0.4184

618 615 614 602 594 585 567 551
YEAR 2 0.6404 0.4609 0.3306 0.1038 0.0215 0.0209 0.0253 0.0095

653 649 646 637 632 628 618 607
YEAR 3 0.6797 0.5376 0.4176 0.2081 0.1309 0.0471 0.9288 0.0902

698 695 692 687 681 676 667 660
YEAR 4 0.6354 0.5368 0.4746 0.2507 0.0903 0.0065 0.0757 0.0587

726 723 721 717 714 710 704 699
FISHZ 0.6894 0.5840 0.5004 0.3022 0.2096 0.1523 0.1508 0.1390
LINEAR BEG 0.6343 0.5769 0.5247 0.3948 0.2971 0.2235 0.1265 .0.0716

TOT NUN OBS IHR COB 2695

APRIL

HR 1 HR 2 HR 3 HR 6 HR 9 HR 12 HR18 e 824
OVERALL 0.6100 0.5232 0.4326 0.21913 0.1373 0.1255 0.0672 0.1469
YEAR 1 0.43-99 0.3a85 0.2414 0.084A 0.05HOR 0.1021 0.1501 0.1546

542 538 535 523 516 512 504 494
YEAR 2 0.6265 0.5383 0.4664 0.2413 0.1060 0.0428 0.0199 0.1560

701 699 696 692 689 686 680 674
YEAR 3 0.5656 0.4358 0.3405 0.1350 0.0656 0.0913 0.0543 0.0701

708 705 703 700 697 694 689 682
YEAR 4 0.6683 0.6426 0.5059 0.1801 0.0743 0.0117 0.0130 0.0119

380 377 374 368 362 356 344 332
FIS1L 0.5766 0.4046 0.3866 0.1636 0.0778 0.0664 0.4593 0.1073
LINEAR REG 0.5284 0.4749 0.4268 0.3099 0.2250 0.1633 0.0861 0.0454

TOT NUN 0BS IHR 1 COR 2331

G-8
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SERIAL CORRELATION COEFFICIENTS AND EXFONENTIAL DECAY FUNCTIONS
YPEFDURG AEROSOL INFRARED TRANSMISSION 3.4-5.0 MICRONS (S)

MAY

HR I HR, 2 HR 3 UR 6 HR 9 HR 12 HR 18 mR 24
OVERALL 0.5904 0.4573 0.3659 0.2155 0.1383 0.1463 0.1905 0.2069
YEAR 1 0.5009 0.3617 0.2532 0.0409 0.0682 0.0036 0.1810 0.1471

221 219 217 211 205 199 187 175 4.

YEAR 2 0.6079 0.40t%6 0.3012 0.0954 0. 1001 0.0410 0.655 0.0920
570 567 564 555 548 542 530 518

YEAR 3 0.5975 0.4777 0.3966 0.2603 0.1513 0.1818 0.1915 0.1944
717 715 713 706 703 700 696 692

YEAR 4 0.4306 0.4064 0.2314 0.1065 0.0452 0.0670 0.0674 0.0183 1-
196 194 192 188 185 182 176 170

FIESfRZ 0.5722 0.4325 0.3291 0.1615 0.1121 0.1008 @0.1350 0.1363
LINEAR REG 0.4871 0.4483 0.4131 0.3226 0.2520 0.1968 0.1200 0.0732

TOT NUN OBS IHR COR 1704

JUNE
EM I HR. 2 HR 3 HR, 6 HR 9 !H 12 is HR 24-

OVERALL 0.4677 0.3799 0.3079 0.1733 0.1245 0.1521 0.0815 0.0784
YEAR 1 0.4655 0.3389 0.2870 0.0938 0.0915 0.1537 0.0513 0.0474

710 707 706 703 700 697 693 687
YEAR 2 0.4628 0.4514 0.3290 0.2645 0.0962 0.0549 0.0351 0.0411

409 406 401 390 378 367 347 323
YEAR 3 0.4639 0.3832 0.3134 0.2291 0.1877 0.205Q 0.1632 0.1610

570 560 552 536 525 519 508 506
YEAR 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00,0

0 0 0 0 0 0 0 0
FISHZ 0.4643 0.3819 0.3060 0.1801 0.1244 0.1484 0.0847 0.0843
L-LiNEAR REG .. *.4-•-N •.25 f , IfD2 . I G-.!! . e.478! eDea. q2
TOT NUN 0BB H11 COR 16,19

JULY

HR I BRl 2 HR 3 HR 6 HR~ 9 HR 12 Hit 1a HR 24

OVERALL 0.5896 0.4842 0.4227 0.2829 0.1692 0.0924 0.1364 0.191.YEAR 1 0.3381 0.2439 0.1799 0.1580 0.0711 0.0037 0.0139 0.0770

743 742 741 738 735 732 726 720 2?
YEAR 2 0.6463 0.5748 0.5477 0.3135 0.1694 0.0966 0.1403 0.0964

631 627 623 610 598 586 563 545
YEAR 3 0.7196 0.6762 0.6!35 0.5115 0.4050 0.3269 0.4195 0.5142

589 575 562 530 512 508 502 508
YEAR 4 0.6405 0 4585 0.3726 0.1969 0.0820 0.0042 0.0325 0.1360

716 714 712 706 700 694 682 670
F ISHZ 0.5921 0.4890 0.4252 0.2843 0.1681 0.0933 0.1350 6.1973
LINEAR REG 0.5194 0.4071 0.4568 0.3769 0.3109 0.2565 0.1746 0.1188

TOT NUN OBS 1IIR COR 2679

AUGUST

1111 Ut2 11R3 HR116 11R19 11R12 Hit1 I a HR24
OVERALL 0.5814 0.4858 0.4169 0.2601 0.1047 0.1447 0.1785 0.1936 €. --
YEAR 1 0.5102 0.4251 0.3815 0.2239 0.1311 0.0798 0.1796 0.1401

"605 602 599 594 507 581 570 557
YEAR 2 0.5414 0.4024 0.3211 0.1416 0.1000 0.0751 0.0780 0.1271\•507 502 498 488 475 464 453 44B '.-

-iEA% 3 0.5414 0.3965 0.3186 0.0887 0.0470 0.0533 0.1123 0.3010
443 419 398 349 321 307 31Q 339

YEAR 4 0.5957 0.5099 0.4082 0.2596 0.1613 0.1079 0.0847 0.0950
737 736 735 732 729 726 720 715

FISHZ 0.551: 0.4438 0.3663 0.1965 0.1220 0.0847 0.1139 0.1490
LINEAR REG 0.4814 0.4454 0.4120 0.3262 0.2583 0.2045 0.1282 0.0804

TOT NUN OBS 1HR COR, 2292
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SERIAL CORRELATION COEFFICIENTS AiND EXPONENTIAL DECAY FUNCTIONS
YPENBURG AEROSOL INFRARED TRANSMISSION 3.4-5.0 MICRONS (S)

SEPTEMBER

HR I HR 2 HR 3 ImR 6 HR 9 11R. 12 HR la HR 24
OVERALL 0.5967 0.4904 0.3961 0.1783 0.0467 0.0597 0.0591 0.1522
YEAR 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0
YEAR 2 0.5377 0.4853 0.3834 0.1093 0.0821 0.1509 0.0625 0.1727

656 652 648 639 630 622 610 600
YEAR 3 0.6503 0.5058 0.4348 0.2218 0.0335 0.0536 0.0213 0.0834

637 633 627 618 606 597 579 562
YEAR 4 0.5917 0.4695 0.3571 0.1825 0.0037 0.0612 0.0700 0.1799

694 691 688 682 677 673 667 661
FISHZ 0.5946 0.4865 0.3911 0.1713 0.0390 0.0885 0.0524 0.1480
LINEAR REG 0.5275 0.4867 0.4490 0.3526 0.2769 0.2175 0.1341 0.0027

TOT NUM OBS R COR 1987

OCTOBER

RR I H1 R 2 Hit 3 i(t 6 H1 9 HR 12 HR 18 1R 24
OVERALL 0.8630 0.8192 0.7669 0.7079 0.6823 0.6652 0.6533 0.6934 ,1
YEAR 1 0.7342 0.6432 0.5,41 0.4337 0.3740 0.3260 0.2962 0.2902

498 491 484 465 452 446 442 430
YEAR 2 0.7865 0.6946 0.625b 0.4715 0.3584 0.2576 0.2122 0.2350

643 641 639 631 622 613 600 587
YEAR 3 0.7500 0.6100 0.4894 0.3264 0.2333 0.1634 0.1543 0.1773

678 676 672 663 653 645 626 616
YEAR 4 0.5202 0.4041 0.2274 0.0599 0.0206 0.0380 0.0426 0.1766

610 596 585 554 528 512 521 534
FISHZ 0.7113 0.5980 0.4870 0.@315 0.2504 0.1466 0.1735 0.2156
LINEAR REG 0.6269 0.5843 0.5446 0.4410 0.3571 0.2891 0.1896 0.1243

CUT N UM OBS ltR COR 2429.---

NOVEMBER

HR I HR 2 HR 3 HR 6 HR 9 HR. 12 RR 18 1R 24
OVERALL 0.7036 0.6083 0.5392 0.3251 0.2805 0.2678 0.2589 0.3529
YEAR 1 0.6907 0.5933 0.5340 0.3712 0 3117 0.3033 0.2892 0.2471

705 703 701 696 693 690 684 678
YEAR 2 0.7861 0.7542 0.6951 0.5480 6.4657 0.4219 0.4361 0.3960

641 b36 635 628 618 611 605 598
YEAR 3 0 6157 0.4396 0.3429 0.0263 0.0312 0.0380 0.0439 0.2686

515 512 510 505 499 493 481 469
YEAR 4 0.6468 0.5697 0.4976 0.3242 0.2860 0.2956 0.2235 0.2985

689 686 683 674 668 662 650 640
FISHZ 0.6935 0.6080 0.5371 0.3441 0.2929 0.2819 0.2644 0.3036
LINEAR BEG 0.6116 0.5841 0.5578 0.4858 0.4230 0.3684 0.2794 0.2119

TOT NUN OBS 111 COR 2550

DECEMBER -

HR I 1R 2 Hit 3 11R 6 HR 9 HR 12 1R i1 1I1 24
OVERALL 0.6785 0.5534 0.4675 0.2704 0.1956 0.1594 0.1272 0.1193
YEAR 1 0.7572 0.6427 0.5!30 0.2576 0.12t12 0.0828 0.1299 0.2172

476 473 469 462 455 448 436 422
YEAR 2 0.6659 0.100 0.4218 0.2856 0.2350 0.2272 0.1376 0.1447717 715 712 709 710 700 702 697 'YEAR 3 0.6126 0.4565 0.4667 0.2566 0.1842 0.174 .1030 0.0555-n

731I 730 730 726 723 720 714 708 •-

YEAR 4 0.6395 0.5587 0.4339 0.2375 0.2047 0.1363 0.0786 0.025573 1 726 726 722 719 717 7 10 704
FIStiz 0.6635 0.5356 0.4544 0.2594 0. 1930 0. 1554 0. 1103 0.0992
L 1 "AR REG 0.6039 0.5435 0.4850 0.3448 0.2451 0.1742 0.0880 0.0445

T'I1 NUN OBS 11R COR 2655
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XA

SERIAL CORRELATION COLFFICIENTN' AND FXPONFNTfIAL DECAY FUNCTIONS I"
YPENBURG EQUIVALENT INFRARED AEROSOL EXTINCTION 3.4-5.0 MICRONS (PER KM)

JANUARY

Hit I HR 2 1111 3 11 6 mH 9 HR 12 HR 18 HR 24
OVERALL 0.7201 0.6268 0.ý513 0.4482 0.4119 0.3659 0.3038 0.2601
YEAR i 0.6349 0.5382 0.4910 0.3849 0.3213 0.2854 0.2323 0.1919

642 638 634 625 619 613 605 599
YEAR 2 0.7188 0.6128 0.5081 0.4417 0.4096 0.3256 0.2220 0.1670

702 697 697 693 690 687 681 676
YEAR 3 0.6717 0.5703 0.4846 0.3435 0.3203 0.2851 0.2003 0.1868

728 726 723 716 713 710 704 698
YEAR 4 0.7133 0.5926 0.5046 0.3039 0.2471 0.2259 0.2566 0.1578

698 696 696 691 607 683 677 672
FISH'Z 0.6170 0.5799 0.4971 0.3691 0.3260 0.2809 0.2275 0.1756
LINEAR REG 0.6206 0.5804 0.5429 0.4442 0.3635 0.2974 0.1991 0.1333

TOT NUN OBS 11I1 COR 2770

FEBRUARY

RR.1 1HE 2 11t 3 HR 6 H1 9 1IR 12 ER8I 1111 24
OVERALL 0.7716 0.6811 0.6160 0.4307 0.3240 0.2528 0.1452 0.1304
YEAR 1 0.7967 0.6987 0.6260 0.4541 0.3624 0.3143 0.2203 0.1268

623 618 615 605 599 594 583 573
YEAR 2 0.7654 0.6732 0.6158 0.4047 0 2704 0.2201 0.1112 0.1681

573 573 566 555 544 540 531 519
YEAR 3 0.7807 0.6822 0.6137 0.4474 0.3312 0.1792 0.1'077 e.0026

671 667 663 657 652 640 642 63(.
YEAR 4 0.7032 0.6344 0.5679 0.3471 0.2745 0.2832 0.2851 0.2560

606 604 602 596 590 584 572 561
FISIrz 0.7643 0.6732 0.6067 0.4154 0.3117 0.2489 0.1545 0.1345
LINEAR REG 0.7362 0.670-' 0.6100 0.4600 0.3469 0.2617 0.1488 0.0846

L'
TiOT NUI OBS C'U ILE 1t--IRD 2*17

MARCH

HR I HR 2 11 3 1,11 6 I11 9 HR 12 HR 18 HR 24
OVERALL 0.73P3 0.6425 0.5732 0.4051 0.3354 0.21111 0.2356 0.2429
YEAR i 0.8158 0.7780 0.7413 0.6132 0.6041 0.5595 0.5017 0.4346

618 615 614 602 594 585 567 551
YEAR 2 0.6306 0.4524 0.3310 0.1043 0-0219 0.0112 0.0096 0.0281653 649 646 637 632 628 61If 607 •

YEAr1 3 0.6964 0.5598 0.-4-33 0.2283 0.1477 0.0656 0.0019 0.0952
698 695 692 687 681 676 667 660

YEAR 4 0.6326 0.5060 0.4400 0.2f,01 0.0445 0.0394 0.0842 0.0119
72b 723 721 717 714 710 704 699

FI•HZ 0.6993 0.5854 0.5050 0.3099 0.2113 0.1711 0.1473 0.1361
LINEAR REG 0.6425 0.5834 0.5297 0.3965 0.2968 0.2222 0. 1245 0.0698

TOT NUN OBS 11111 COR 2693

APR IL

HR11 HR 2 H1 3 HR 6 RR. 9 HR 12 HR !8 1111 24
OVERALL 0.5780 0.5032 0.4218 0.2275 0. 1492 0.1280 0.6791 0.1446
YEA. 1 0.4197 0.3,!10 0.2473 0.0143 C.0730 0.0903 0.1596 0.1454

542 538 533 523 516 512 50s 494
YEAR 2 0.5804 0.4981 0.4384 0.2420 0.1099 0.0381 0.0205 0.1546

701 699 696 692 689 686 680 b74
YEAh 3 0.5343 0.4292 0.3374 0.1443 0.0781 0.0894 0.0347 0.0533

708 705 703 700 697 694 6119 682
YEAR 4 0.6311 0.6154 0.4890 0.1812 0.0766 0.0209 0.0170 0.0138

380 377 374 368 362 356 344 332
FISHZ 0.5411 0.4627 0.3747 0. 1690 0.0864 0.0632 0.0562 0 .09911
LINEAR REG 0.5014 0.4498 0.4035 0.2913 0.2103 0.1518 0.0791 0.0412

TOT NUN OBS IIHP. COR 2331
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SERIAL CORRELATION COEFFICIENTS AND EXPONENJTIAL DECAY FUNCTIONS
YPENBURG EQUIVALENT INFRARED AEROSOL EXTIICTION 3.4-5.0 MICRONS (PER K1C)

KAY

Bit I HR 2 Rit 3 HR 6 Fll 9 1l 12 1ilt18 I1R 24
OVERALL 0.6050 0.4792 0.4836 0.2347 0.1902 0.1923 0.1870 0.11;44
YEAR 1 0.6002 0.4619 0.3577 0.0867 0.0466 0.0989 0.1386 0.1517

221 219 217 211 i. '5 199 187 175
YEAR 2 0.6226 0.4555 0.3137 0.1114 0.1380 0.0710 0.0571 0.0832

570 567 564 553 548 542 530 518
YEAR 3 0.5630 0.4379 0.3641 0.2544 0.1898 0.2007 0.1853 0.1684

717 715 713 706 703 700 696 692
YEAR 4 0.4407 0.412i1 0.2464 0.1141 0.0565 0.0896 0.0400 0.0417

196 194 192 188 185 182 176 170
FISW~ 0.37b1 0.4441 0.3336 0.1706 0.1402 0.3 0126 024

LINEAR RE% 0.4967 6.4535 0.4141 0.3153 0.2400 0.1827 0.1059 0.0614

TOT NUM OBS IH COR 1704

JUNE

IIR I HR 2 HR 3 HR 6 H11 9 H11R2 1Hh 18 H1R 24
OVERALL 0.4414 0.3574 0.2e43 0.1553 0.1199 0.1526 0.0769 0.0614 C.
YEAR 1 0.4453 0.3199 0.2750 0.0907 0.0924 0.1626 0.0447 0.0446

710 707 706 703 700 697 693 687
YEAR 2 0.4260 0.4179 0.2674 0.2279 0.08H7 0.0674 0.0254 0.0043

409 406 401 390 378 367 347 323
YEAR 3 0.4350 0.3618 0.2976 0.1951 0.1709 0.1785 0.1506 0.1233

570 560 552 536 525 519 508 506
YEAR 4 0.0000 0.0000 0.0000 0.0000 o.0oooo o.o. e 0.0000 o.0000

0 0 0 0 0 0 0 0
. ISHZ 0.4372 0.3583 0.21307 0.1584 0.1174 0.1461 0.0711 0.0624
1 INEAR REG 0.3974 0.3574 0.3214 0.2337 0. 1700 0.1236 0.0654 0.0346

TOT NWUM OBS IHR COR 1689

JULY
HR I HR 2 HR 3 HR 6 HR 9 HR 12 IIR 18 HR 24

OVERALL 0.5957 0.4884 0.4290 0.2989 0.1998 0. 1283 0.1436 0.1829
YEAR 1 0.3721 0.24ý'7 0.1920 0.1789 0.0820 0.0186 0.0093 0.087.

743 742 741 738 735 732 726 720
YEAR 2 0.6197 0.5568 0.5307 0.3232 0.2044 0.1482 0.1293 0.0370

631 627 623 610 598 586 563 545
YEAR 3 0.7133 0.6690 0.6225 0.3525 0.4785 0.41a5 0.4641 0.4995

589 575 562 530 512 508 502 508
YEAR 4 0.6377 0.4615 0.3675 0.1851 0.0875 0.0124 0.0351 0.1360

716 714 712 706 700 694 682 670
F ISIH 0.5b96 0.4841 0.4247 0.2999 0.1986 0.1325 0.1429 0.1838
LINEAR IREG 0.5203 0.4059 0.4538 0.3696 0.3011 0.2452 0.1627 0.1079

TOT NUlM OBS I1R COB "679

AUGUST

FR I hlR 2 H1R 3 IIR 6 H1 9 HIR 12 HR 18 HR 24
OVERALL 0.5735 0.4897 0.4085 0.3'168 0.2137 0.1894 0.1895 0.2041
YlA R 1 0.49-6 0.44t)? .3709 0.2.*53 0.1344 0.1209 0. 1874 4D. 1643

605 602 599 594 587 581 570 557
YEAR 2 0.5085 0.3940 0.3083 0.1639 0.1325 0.0908 0.0981 0.1776

507 502 498 4188 475 4b4 453 448
YEAR 3 0.5551 0.3929 0.3260 0.1736 0.1602 0.1722 0.1469 0.2932

443 419 398 349 321 307 319 339
YEAR 4 0.5864 0.4966 0.3891 0.269b 0.1809 0.1421 0.0836 0.0937

737 736 735 732 729 726 720 715
FISHZ 0.5395 0.4424 0.3554 0.2241 0.1540 0.1292 0.1255 0.1664
LINEAR REG 0.4676 0.4361 0.4067 0.3299 0.2676 0.2171 0.1429 0.0940

TOT NUM OBS IHR COR 2292
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURFG EQUIVALENT INFRARED AEROSOL EXTINCTION 3.4-5.0 MICRONS (PER K1M)

SEPTEMIBER

HR I R 2 HR 3 8R 6 all 9 HR 12 HR 18 UK 24
OVERALL 0.5773 0.4815 0 3901 0.1831 0.0610 0.0655 0.0821 0.1464
YEAR 1 0.0000 0.0000 O.0000 0.0000 O.OOO O.e0000 0.0000 O.00000 0 0 0 0 0 0 0

YEAR 2 0.5149 0.4922 0.3876 0.1143 0.1047 0.1739 0.1149 0.1675
656 652 648 639 630 622 610 600

YEAR 3s 0.6386 0.4994 0.4341 0.2161 0.0386 0.0519 0.0172 0.0723
637 633 627 610 606 "597 579 562

YEAR 4 0.5632 0.4410 0.3559 0.1933 0.0199 0.0648 0.0985 0.1826
694 691 688 682 677 673 667 661

FISA2 0.5734 0.4770 0.3919 0.1748 0.0538 0.0969 0.0787 0.1440
LINEAR REG 0.5135 0.4729 0.4354 0.3400 0.2655 0.2074 0.1264 0.0771

TOT NUN OBS dIR COR 1987

OCTOBER

HR I fIR 2 HR 3 E[R 6 HR 9 HR 12 ERt la HR 24
OVERALL 0.8274 0.752 1 0.6915 0.6310 0.5591 0.5204 0.5043 0.5388
YEAR 1 0.7415 0.6524 0.5604 0.4552 0.3848 0.3286 0.2964 0.2981

498 491 484 465 452 446 442 430
YEAR 2 8.7622 0.6778 0.6068 0.4264 0.2851 0.1819 0.1602 0.2587

643 641 639 631 622 613 600 587
YEAR 3 0.7316 0.5777 0.4712 0.3033 0.2363 0.1824 0.1714 0.2220

t)78 676 672 663 653 645 626 616
4YEAR 4 0.5360 0,3400 0.2039 0.0339 0.0397 0.0553 0.0046 0.0374

611 597 586 555 529 513 522 533
FISHZ 0.7021 0.5746 0.4722 0.3102 0.2366 0.1838 0.1552 0.2031
LINEAR REG 0.6142 0.570i 0.5300 0.4248 0.3405 0.2729 0.1753 0.1126

hllil NUm OHS IHit H )40 2430

NOVEMBER

RR I ILK 2 HR 3 HR 6 HR 9 HR 12 l11 18 HR 24
a OVERALL 0.6890 0.6036 0.5440 0.3514 0.3176 0.3108 0.3828 0.3440

YEAR I 0.6867 0.5955 0.5362 0.0750 0.3133 0,3227 0.3047 0.2459
705 703 701 696 693 690 684 678

YEAR 2 0.7080 0.7001 0.6540 0.4985 0.45597 0.4103 0.3987 0.3666
641 636 635 628 618 611 605 598

YEAR 3 0.6110 0.4314 0.3567 0.0213 0.0219 0.0346 0.0220 0.2632
515 512 510 505 499 493 481 469

YEAHI 4 0.6574 0.50110 0.5134 0.3438 0.3065 0.3027 0.2523 0.2934
689 686 683 674 668 662 650 640

FISHZ 0.6702 0.5918 0.5305 0.3345 0.2953 0.2B56 0.2619 0.2930L INEAR ]REG 0.5956 0-568l9 0.54•34 0.4736 0.4127 0.3596 0.2731 0.2075

TOT NUM OBS IHR COR 2550

DECEMBER

BR I HR 2 f It3 BR 6 HR 9 HR 12 Hl . I8 111.24
OVERALL 0.6586 0.5340 0.4422 0.2587 0.1972 0.1724 0.1271 0.1240
Y"AJI 1 0.7294 0.6234. 0.418114 0.2327 0.1162 0.1035 0.0979 0.18011V'.

476 473 469 462 455 448 4,36 422
YEAR 2 0.6529 0.4955 0.4072 0.2727 0.2331 0.2374) 0.1499 0. 1438

717 715 712 709 710 708 702 697
YEAR 3 0. 5701 0.4131 0.4249 0.2364 0.1899 0.1710 0. 1034 0.0833

73! 730 730 726 723 720 714 708
YEAR 4 0.6179 0.5362 0.3984 0.2280 0. 11369 0. 1065 0.0804 0.0032

731 720 726 722 719 717 710 704
FISIIZ 0.6394 0.5104 0.4247 0.2433 0.1883 0. 1601 0.1089 0.0947
LINEAR REG 0.5816 0.51917 0.4644 0.3313 0.2364 0. 1687 0.0059 0.0437
"TOT NUN 018 111H1 COR 2655
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SERIAL CORPELATIOA COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIOS
YPENBURG AEROSOL INFRARED TRANSNISSICN 8.0-12.0 MICRONS (Y.)

.;ANUARIY

U[ I -HR 2 HR 3 8Lq 6 HR9 HR 12 HR 18 RR 24
OVERALL 0.6826 0.5612 0.4778 9.3242 0.2753 0.25013 0.2265 0.1858
YEAR 1 0.5791 0.4785 0.3894 0.3006 0.1837 0.2240 0.2368 0.1623

641 638 634 625 619 613 605 599
YEAR 2 0.6795 0.5597 0.4788 0.3054 0.3393 0.2545 0.2021 0.1263

711 708 709 704 701 699 693 688
YEAR 3 0.6453 0.5031 0.3780 0.1495 0.128S 0.1300 0.0072 0.1204

734 731 728 724 721 718 712 706
YE.'AR 4 0.6769 0.5204 0.4442 0.1593 0.1227 0.1518 0.2S332 0.1050

710 708 706 703 700 697 691 686
FISHZ 0.6485 0.5;68 0.4241 0.2493 0.1953 0.1891 0.1603 0.1274
LINEAR REG 0.5735 0.5242 0.4791 0.3657 0.2792 0.2131 0.1242 0.0724

TOT NUN OBS IHR. COR 2796

I FEBRUARY

HIRI HR 2 HR13 11116 1119 ffR112 HRR18 IR 24
OVERALL 0.7463 0.6519 0.5658 0.3499 0.2327 0. 1'?9 0.1 Ili8 0.1029
YEAR 1 0.6800 0.5809 8.4633 0.2508 0.1407 0.1357 0.1637 0.0864

627 622 620 611 605 600 589 579
YEAR 2 0.7776 0.7059 e.6236 0.3759 0.1736 0.0785 0.0773 0.1492

605 603 599 593 583 578 564 552
YEAR 3 0.7680 0.6622 0.5719 0.3705 3.2847 0.1620 0.0035 0.1090

675 671 668 661 658 654 648 642
YEAR 4 0.6846 0.5559 0.4916 0.2766 0.2513 0.2109 0.2068 0.2208

604 602 600 594 586 582 570 559
FISHZ 0• :•,5 0.6307 0.5410 0.3205 0.2150 0.1476 0.1104 0.1401
LINEAR REG 0.b8,)3 0.6183 0.5573 0.4080 0.2987 0.2187 0.1172 0.0626

TOT NUN OW 181 COR 2511

MARCH

HR I H 12 HR 3 HR (6 H8 9 FIR 12 HR 18 HR 24
OVERALL 0.7033 0.63311 0.5456 0.4187 0.3171 0.3861 0.2602 0.3290
YEA[. 1 0.6928 0.6495 0.55&11 0.4424 0.4316 0.4063 0.3113 0.3154

597 594 592 584 574 565 549 533
YEAR 2 0.5542 0. 3857 0.2181 0.0205 0.0710 0.0324 0.0345 0.6114

653 649 646 637 632 628 618 607
YEAR 3 0.6846 0.,5490 0.4313 0.2092 0.1060 0.0627 0.0389 0.1735

700 697 694 609 663 678 669 662
YEAR 4 0.P15767 0.5069 0.4019 0.2561 0.0512 0.0153 0.0335 0.0799

728 725 723 721 718 715 709 704
F ISHZ, 0.6293 0.5263 0.4063 0.2334 0.1595 0.1221 0.1019 0.1400
LINEAR PEC 0.5634 0.5226 0.4664 0.3514 0.2647 0.1994 0.1131 0.0642

TOT NUN OBS 11111 COR 2678

APR IL

U1 I HR 2 H1 13 ii" 6 il 9 HR 12 Hit18 I 1iR24
OVER ALi, 0.6566 0.6595 0. 571w 0.'9355 0.2198 0.2225 0.2 I&.2 0.3581
YEAR 0.5505 0.45a4 0.3560 0.1996 0. 1565 0.130fl 0.71973 0.2402

540 536 533 521 514 510 502 492
YEAR 2 0.6638 0.5279 0.4678 0.2313 0.0826 0.6969 0.0481 0.1360

707 704 701 698 695 692 686 600
YEAR 3 0.5454 0.4106 0,2846 0.103D 0.0238 0.0526 0.034d1 0.0290

700 707 703 702 699 696 691 684
YEAR 4 0.7686 0.7189 0.6612 0.4843 0.4423 0.4373 0.5089 0.5050

371 367 364 359 352 346 334 322
FSH C .NW 6.25 2 0.5154 0.4265 0.2293 0.14!5 0.1472 0. 1543 0. 1076 /"

LINEAR REG 0.5465 0.5092 0.4743 0.3839 0.3105 0.2512 0.16-5 0.1076

TOT NUM OS8 11111 COR 2326

G--14



SERIAL CORRELATION COEFFICIENTS AND EXPONENT!•AL DECAY FUNICTIONS
YPENBURG AEROSOL INFRARED TRANSMISSION 8.0-12.0 MICROINS (X)

MAY

FI1 I HR 2 HR 3 R 6 ER 9 HR 12 HR 18 HR 24
OVERALL 0.5524 0.4344 0.3543 0.Is42 0.0723 0.6720 0.1404 0.1831
YEAR 1 0.5260 0.4125 0.3254 0.11!06 0.0734 0.1233 0.2171 0.1887

219 217 215 209 203 197 183 174
YEAR 2 0.5160 0.3223 0.2441 0.0070 0.0609 0.0545 0.0135 0.2025

574 571 568 560 554 546 536 524
YEAR 3 0.5298 0.4419 0.3491 0.1228 0.0089 0.0474 0.0737 0.1157

722 720 718 712 709 706 702 696
YEAR 4 0.5079 0.4354 9.3174 0.1314 0.0513 0.0547 0.0287 0,1751

196 194 192 lea la5 182 176 170F I SFUZ 0.5222 0.3986 0.3079 0. 0835 0.0390 0.0597 0.0654 0. 15915
LINEAR REG 0.4473 0.420! 0.3946 0.3269 0.2798 0.2244 0.1540 0.1057

TOT NUll OBS 1HR COR 1711

JUNE

11, i EIt 2 HR 3 HR 6 HR 9 HRf 12 HR 18 HR 24
OVERALL 0.4737 0.4346 0.3653 0.2973 0.1377 0.1242 0.0762 0.1783
YEAR 1 0.4258 0.3784 0.3272 0.0942 0.0604 0.6857 0.0319 0. 166

700 705 704 701 698 695 691 685
YEAR 2 0.3172 0.4769 0,3668 0.1805 0.0161 0.0359 0.0313 0.0614

411 408 403 391 379 368 348 324
YE.kR 3 0.3960 0.3430 0.2447 0.1690 0.1024 0.0318 0.1056 0.1744

570 560 552 526 525 519 508 506
YEAR 4 0000 0.0000 0.0000 000oo 0..0000 ..0000 0.0000 0.0000

0 0 0 0 0 0 0 0
FISHZ 0.4392 9.3919 0.3101 0.1397 0.0638 0.0565 0.0560 0.1199L iN. REGv .. 46 iG 6.37i .3 f.fla, . n., . ,. ; l .n,° .

TOT NUM OBS I1 COR 1619

JULY

fIR I II 2 HR 3 UR 6 HRI 9 ER 12 RR 18 Hit 24
OVERALL 0.5808 0.4944 0.4073 C.2219 0.0972 0.0210 0.1211 0.2170
YEAR 1 0.3971 0.2987 0.1993 0.0505 0.0452 0.1038 0.0513 0.0587

743 742 741 7311 735 732 726 720
YEAR 2 0.5646 0.49814 0.4191 0.1939 0.0383 0.0862 0.0363 0.1123

631 627 623 610 598 506 563 545
YEAR 3 0.6667 0.5866 0.5066 0.2668 0.11564 0.0706 0.2365 0.3006

589 75 562 530 512 508 502 508
YEAR 4 0.6406 0.5299 0. 4270 0.2F26 0.0407 0.0332 0.0915 0.2290

716 714 712 706 700 694 6032 670
FISHZ 0.5696 0.4769 0.3838 0.1740 6.0649 0.0742 0.0972 0.1692
LINEAR MG 0,5036 0.4697 0.4381 0.3554 0.28 84 0.2340 0.1549 0.1614

TOT N UMI 0&13 1HR COR 2679

AUGUST~

1r11 111 2 l1 3 11hk6 1it 9 111,12 11 Iil I i 2
OVERIALL 0.5644 0.4396 0.3736 0.2175 0.0964 0.0943 0.1227 0. 20551
YEAR 1 0.5571 0 -t36 0.3692 0.2530 0.1112 0.0964 0. 1370 0. 1 B9 G

60H1 606 603 5953 59 I 50.3 573 36U
YEAR 2 0. 5354 0.3441 0.2919 0.1204 0.0372 0.0410 0.0356 0.1941

511 506 502 491 479 468 457 452
YEAR 3 0.5021 0.3760 0.3210 0.0176 0.0360 0.0157 0.0961 0.3554

443 419 3911 349 321 107 319 q.39
YEAR 4 0.6144 0.4679 0.4129 0.2479 0. 13814 0. i361 . 1216 0.1I1•511

741 740 739 736 733 730 724 7 16
FISIIZ 0.5616 0.4213 0.3587 0. 1580 , 0.0)21; .0.0863 0. !033 0. 2057
LINEAR REEG 0.46B17 0.4435 0.4197 0.3556 0.3013 0.2553 O. 1•311, 0.1316

TOT NUM OBS 11P COl1 2303

G- 1

. %1



SERIAL CORRELATION COEFFICIENTS ANO EXPOEIqNTIAL DECAY FUNCTIONS
YPENBURC AEROSOL INFRARED TIhiNSNISSION P.0-12.6, ?11CWI)1S M•)

SEPTEMBER

HR I R 2 HR 3 11R 6 E 9 HR 12 Hit8 I R 24
OVERALL 0.6066 0.5121 0.4129 0.1554 0.0065 -0.0259 0.0691 0.256a
YEAR 1 0.0000 0.0000 0.o000 0.0000 0.0000 0.0000 0. 0000 0.00e0

0 0 0 0 0 0 0 0
YEAR 2 0.6249 0.5379 0.4337 0.0927 0.0441 0.0771 0.0015 0.2830

653 649 645 636 627 619 606 596
YEARt 3 e.5761 0.4950 0.4205 0.1565 0.0311 0.1074 0.0131 0•.1706

637 633 627 6 18 606 597 579 562
YEAR 4 0.5949 0.4766 0.3575 0.1601 0.0206 0.0166 0.10190 0.2609

694 691 608 682 677 672 666 660
FISHZ 0.59a8 0.5031 0.4033 0.1369 0.0316 0.0652 0.0436 0.2408
LINEAR REG 0.5242 0.5017 0.4801 0.4207 0.3607 0.3231 0.2481 0. 1906

TOT NUlN O0 I1R COR 1984

OCTOBER

UR I Hit 2 HR 3 HR (6 H% 9 1R 12 HR I 1 1, 24
OVERALL 0.7304 0 6310 0.5439 0.3704 0.3066 0.2730 0.2504 0.3235
YEKAR 1 0.704,o 0.5647 0.4634 0.2531 0.1939 0.2194 0.17 0.3049

504 497 491 473 460 453 448 438
YEAR 2 0.7894 0.7092 0.6161 0.4591 0.3400 0.2557 0.2561 0.3118

651 650 t49 636 626 620 610 596
YEAR 3 0.6546 0.5362 0.4541 0.2316 0.2153 0.1440 0.1122 0.2205

681 679 677 666 657 649 630 620
YEAR 4 0.6875 0.6106 0.5328 0.4281 0.3603 0.3600 0.3226 0.3034

611 597 586 535 529 513 522 535
FISUZ 0.7133 0.6116 0.5223 0.3490 0.2827 0.2414 0.2181 0. 2829
LINEAR PEG 0.6242 0.59116 6.5610 0.4781 0.4074 0.3471 0.2521 0. 18120

NOVEKBER

HR I HR 2 11t 3 UK 6 HR 9 HR 12 HR 18 HR 24
OVEPALL 0.7148 0.6296 0.5470 0.3699 0.3346 0.3225 0.3007 0.41B3,-? "
YEAR 1 0.6292 9.5267 0.4559 0.2397 0.1072 e.1454 0.1911 0.1636

710 708 706 701 690 695 689 683
YEAR 2 0.7864 0.7117 0.673i 0.5333 0.4929 0.4&39 0.4363 0.3734

661 657 654 647 641 63q 629 624
YEA.R 3 0.6746 0.0601 0. 4435 0.2010 9.1790 0.1581 0.1599 0.4193

523 520 518 513 507 502 489 477
YEAR 4 0.5866 0.5299 0.4327 0.2561 0.2432 0.2600 0.1,W7 0.2304

689 686 683 b74 668 662 650 640
Fi IS 0.6753 0.5878 0.0110 0.3188 0.2846 0.2714 0.2402 0.2118
INEAR REG 0.5927 0.5650 0.5386 0.4667 0.4043 0.3503 0.2630 0.1974

TO3T N4UN 0138 IUR COR 2503

DECEMLBER

HR I H11 2 l111 3 HR 6 HR 9 HR 12 HH 16 HR 24
OVERAtJ, 0.6988 0.5592 0.4706 G.28613 0.2084* 0.1599 0.1556 0.1343
YEAR 1 0.77H1 0.6299 0.5053 0.2674 0.13E62 0.0982 0.22,53 0.2225

492 490 486 461 475 460 4,56 444
YEAR 2 0.#3664 0.4934 0.4066 0.2530 0.1501 0.0939 0.0625 0.0477

716 714 712 708 709 708 79! 697
YEAR 3 0.6616 0.5479 0.5226 0.3671 0.3353 0.2410 0.1899 0.1842

735 734 733 730 727 724 718 712
YEAR 4 0.6781 0.5495 0.4224 0.2124 6.1570 0.1596 0.0891 0.0225

730 736 735 732 729 726 720 714
FISHY. 0.6916 0.5505 0.4624 0.2772 0.2025 0.1540 0.1345 0.1095
LINEAR RIEG 0.6257 0.5610 0.5044 0.3651 0.2643 0.1913 0.1002 0.0525

T')T NUN ONlS wIwt CORl 2)611

J ft-n A. 1-. "- 1n



SERIAL CORRELATION COEFFICIENTS AND EXPGNENTIAL DECAY FUNCTIONS
YPENBURG EQUIVALENT INFRARED AEPOSOL EXTINCTION 8.0-12.0 MICRONS (PER 1C)JANUARY

R HR 2 HR 3" KHR 6 HR 9 HR 12 1R 18 HR 24
OVERALL 0.6750 0.6555 0.4660 0.3142 0.2831 0.2543 0.2187 0.1913
YEAR 1 0.5929 6.4765 0.3811 0.2855 0.1988 0.2296 0.2361 0.1721

641 638 634 625 619 613 605 899
YEA.R 2 0.6655 0.5459 0.4514 0.3660 0.3388 0.2285 0.1638 0.0968

711 708 709 704 701 699 693 688
YEAR 3 0.6263 0.4966 0.3895 0.1682 0.1522 0.1387 0.0109 0.1573

734 731 728 724 721 718 712 706
YEAR 4 0.67W• 0.5255 0.4336 0-1461 0.1258 0.1496 0.2072 0.1120

710 708 706 703 700 697 691 686
FI kHZ 0.6430 0.5123 0.4i50 0.2419 0.2054 0.1853 0.1518 0.1336
LINEAR REG 0.5666 0.51164 0.4743 0.3632 0,2781 0.2130 0.1249 0.0732

TOT N'UM OBS IHR COR 2796

FEBRUARY

R1 I UR2 HR 3 HR 6 HR 9 HR1 12 !HR 18 MR1 24
OVERALL 0.7245 0.6259 0.5434 0.339' 0.2545 0.1766 0.1433 0.1209
YEAR 1 0.6748 0.5857 0.4729 0.2546 0.1651 0.1327 0.1580 0.0845

627 622 620 611 605 600 589 579
YEAR 2 0.7658 0.6965 0.6257 0.4042 0.2347 0.1374 0.1312 0.1609

605 603 599 593 5S3 578 564 512
YEAR 3 0.7130 0.5871 0.4868 0.2822 0.2287 0. 108 0.0263 0.0703

675 671 668 661 658 654 648 642
YEAR 4 0.6928 0.5675 0.5084 0.3168 0.3078 3.2547 0.2524 0.2427

604 602 600 594 588 582 570 559
FIS•Z 0.7136 0.6112 0.5254 0.3143 0.2340 0.157i 0.1392 0.1395
LINEAR RE(; o. tb39 . -1 l .6)obu 405,.5') .22 0.2256 6.i2T7 6.069i

TOT fll 086 171 COR 2511

MARCH

HI I HR 2 HR 3 HR 6 HR 9 HR 12 HER 18 1 1124
OVERALL 0.69411 0.6102 0.5111 0.3726 0.2974 0.2764 0.2053 0.2678
YEAR 1 0.6851 0.6167 0.5286 0.3953 Q.3959 0.3850 0.2812 0.2866

597 594 092 584 574 565 549 533
YEAR 2 0.5394 0.3690 0.2179 0.0317 0.0637 0.0063 0.0357 0.0215

653 649 646 637 632 628 618 607
YEAR 3 0.6755 0.5325 0.4208 0.2i20 0.1631 0.1336 0.0458 0.1089

700 697 694 689 683' 678 669 662
YEAR 4 0.5902 0.5302 0.3980 0,2423 0.0700 0.0047 0.0779 0.0413

7281 725 723 721 718 711$ 709 704
F I IZ 0.6269 0.5158 0.3944 0.2209 0.1684 0.1260 0.1044 0.1079
L11EAR REIG 0.5660 0.5079 0.4551 0.G274 0.2355 0.1695 0.0877 0.0454

TOTI" iUf O1*1 111 COfl 2678

APRIL

lilt I 11312 Hp~. a ER,6 H11i9 11i 12 HR I8 H1fl24
OVERALL 0.6661 0.5016 o.5804 0.3152 0.2402 0.2474 0.2171 0.2682
YEAR I 0.5805 0.4606 0.3668 0.2254 0-1477 0.1607 0.1956 0.2873

540 536 533 521 514 5M 502 492
YEAR 2 0.6576 0.5118 0.4566 0.2323 0.1005 0.1104 0.0526 0.1626

707 704 701 6911 695 692 6616 680
YEAAR 3 0.5493 0.4141 0.3037 0.1651 0.0902 0. 1072 0.0135 0.0480

708 707 705 702 699 696 691 6654
YEAR 4 0.7942 0.7451 0.7056 0.5476 0.5245 0.5204 0.5319 0.5513

371 367 364 359 352 346 334 322
FI 13WZ 0.6376 0.5135 0.4412 0.2662 0.181 0.1907 0.1576 0.2200"
LII4LAR Pt'(; 0.5495 0.5164 0.4354 0.4030 0.3346 0.2770 0.1915 0.1320

TOT Nuil OwS Ilift Coit 2326 -17

G-17



SERIAL CORRELATION COEFFICIENTS AID EXPONENTIAL DECAY FUF.CTIOWS
YPENBURG EQUIVALENT INFRARED AEROSOL EXTINCTION 8.0--12.0 MICRONS (PER K(M1)

MAY

HR 1 HR 2 H! 3 lR 6 HR 9 HR 12 !R 18 HR 24
OVERALL 0.5523 0.4300 0.3557 0.1630 0.065G 0.0428 0.1440 0.1821
YEAR 1 0.saai 0.4873 0.3763 0.1304 0.0302 0.1507 0.2250 0.1814

219 217 215 209 203 197 185 174 P
YEAR 2 0.5308 0.3526 0.2726 0. 0486 0.0::55 0.0659 0.0589 0.1965

574 571 568 560 554 548 536 524
YEAR 3 0.4965 0.3775 0.3312 0.1319 0.0J17 0.0481 0.0726 0.0739

722 720 718 712 709 706 702 696
YEAR 4 0.4595 0.4152 0.2701 0.1417 O.C-563 0.0119 0.0907 0.0190

196 194 192 o88 185 182 176 170
FISHZ 0.5164 0.3882 0.3108 0.1074 0.e193 0.0625 0.0878 0,1215
LINEAR REG 0.4467 0.4118 0.3797 0.2976 0.2333 0.1820 0.1123 0.0690

TOT NUN B0 1111 COR 1711

JUNE

HR I R1112 HR 3 IM16 11119 HJR 12 HR 10 UPR24
OVERALL 0.5103 0.4394 0.3679 0.1832 0.1138 0.122g 0.0814 0.2007
YEAR 1 0.4660 0.3911 0.3215 0.0539 0.0048 0.0512 0.0280 0.1533

708 705 704 70 1 698 695 691 685
YEAR 2 0.5013 0.4642 0.3513 0.1826 0.0285 0.0153 0.0603 0.0512

411 408 403 391 379 368 348 324
YEAR 3 0.4517 0.3359 0.2675 0.1611 0.0872 0.0679 0.1016 0.1470

570 560 552 536 525 519 508 506
YEAR 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0
FISHZ 0.4700 0.3915 0.3111 0.1204 0.0374 0.0484 0.0595 0.1296
LINEARI REG 0.4176 0.3885 0.3614 0.2909 0.2342 0.1885 0.1222 0.0792

TOT NLTH OBS tlH COR 1689 .,_.

JULY

HR 1 HR -2 1 3 1R 6 II[ 9 HR 12 HIR 18 11R 24
OVERALL 0.6079 0.5012 6.4241 0.2463 0.1290 0.0494 0.1275 0.2190
YEAR 1 0.4478 0.3080 0.2419 0.08303 0.0400 0.0935 0.0395 O.0892

743 742 741 738 735 732 726 720
YEAR 2 0.5598 0.4825 0.4302 0.2215 0.0749 0.0412 0.0311 0.0677

631 627 623 6 10 598 586 563 545
YEAR 3 0.6697 0.5866 0.4917 0.23eii 0.2652 0.1784 0.2274 0.2639

589 573 562 530 512 508 502 508
YEAR 4 0.6672 0.5294 0.4137 0.1983 0.0382 0.0549 0.0867 0.2392

716 714 712 706 700 694 682 670
FJSWL 0.5890 0.4752 0,3896 0.1938 0.0940 0.0881 0.0894 0.1631
LINEAR REG 0.5147 0.4769 0.4419 0.35i6 0.2798 0.2226 0.1409 0.0892

TUT NIUMI OBS IHR COR 2679

AUGUST
HR I HR 2 P•R 3 HIA 6 !ER 9 RR 12 !Rto4 18 Ri 24

OVE P, ALL 0.5777 0.41453 e.3719 0.2120 e.0969 e.e939 0.1329 0.2316
YEAIRt 1 0.5787 0.4689 0.4081 0.2578 0.1125 0.0962 0.1758 0.2266

608 606 603 598 591 585 573 561
YEAR 2 0.5053 0.3192 0.2711 0.1203 0.0217 0.0180 0.0692 ".1[119

Bi1 506 502 491 479 468 457 452 I
YEAR 3 0.5001 0.3941 0.2936 0.0546 0.0293 0.0621 0.1010 0.3751

443 419 3981 349 321 307 319 339
YEAR 4 0.6326 0.4795 0.3859 0.2268 0.1260 0.1239 0.0994 0.183B

741 740 739 736 733 730 724 71a
FISWZ 0.5673 0.4273 P.3511 0.11147 0.0844 0.0835 0.11,1,5 0.2276
LINEAJR BEG 0.4697 0.4474 0.4261 0.3662 0.3182 0.2749 Q.2052 0.1532

TOT N UM 018 IHR COR 2303

G-181



I-d

SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBUIG EQUIVALEBT INFRARED AEROSOL EXTINCTION 8.0-12.0 MICRONS (PER KM)

SEPTEMBER

Hil I HR 2 13 3 HR 6 EM 9 1iR 12 9R 18 81 24
OVERALL 0.578i 0.4754 0.4870 0.2730 0.0395 0.0217 0.0847 0.2189
YEAR 1 0.5781 0.4754 6.3t370 0.1730 0.0395 0.0217 0.0847 0.2189

1984 1973 1960 1936 1910 1888 1851 1818
YEAR 2 0.5770 0.4921 0.3971 0.1176 0.0252 0.0296 0.0141 0.1821

653 649 645 636 627 619 606 596
YEAR 3 0.5581 0.4606 0.3693 0.1472 0.0239 0.0792 0.0155 0.1741

637 633 627 618 606 597 579 562
YEAR 4 0.5605 0.4256 0.3213 0.1750 0.0201 0.0064 9.1180 0.2214

694 69 1 688 68,2 677 672 666 660
FISHZ 0.5717 0.4673 0.3778 0.1602 0.0313 0.0294 0o0684 0.2065
LINEAR REG 0.4968 0 4720 0.4485 0.3847 6.3300 0.2831 0.2084 0.1533

TOT •(UN OBS I1R COl 3968

OCTOBER

Hp 1 RR 2 HR 3 i1t 6 HR 9 fHR1 12 HR 13 HR 24
OVERALL 0.7071 0.6125 0.5234 0.3554 0.3945 0.2770 0.2515 0.3307
YEAR 1 0.6831 0.5512 0.4585 0.2543 0.2198 0.2534 0.1928 0.2120

504 497 491 473 460 453 448 438
YEAR 2 0.7341 0.6719 0.5656 0.4695 0.2721 0.2141 0.2224 0.2927

651 650 649 636 626 620 610 596
YEAR 3 0.6341 0.4805 0.3969 O.1843 0.1736 0.0989 0.0880 0.2077

601 679 677 666 657 649 630 620
YEAR 4 0.6786 0.6119 0.5333 0.4204 0.3469 0.3559 0.3152 0.3086

611 597 586 555 529 513 522 535
LINEAR REG 0.5942 0.5638 0.5350 0.4570 0.3904 0.3335 0.2434 0.1776

TOT NUN OBS 1I1R COR 2447

NOVEMBER

HR I R1R 2 Fil 3 RR 6 HR 9 HR 12 HR I8 HR 24
OVERALL 0.6705 0.5790 0.5043 0.3294 0.3085 e.3061 0.2782 0.3293
YEAR 1 0.6309 0.5220 0.4585 0.2596 0.2070 0.1705 0.2087 0.1660

710 708 706 701 698 695 689 683
YEAR 0.6889 0.6103 0.5796 0.4380 0.4441 0.4341 0.3971 0.3516

661 657 654 647 641 639 629 624
YEAR 3 0.6529 0.5027 0.4000 0.1838 0.1637 0.1705 0.1585 0.3215

523 520 51 513 507 502 489 477
YEAR 4 0.6061 0.5529 0.4547 0.2755 0.2627 0.2793 0.1751 0.2614

6U9 686 683 674 668 662 650 640
FISIZ 0.6446 0.5525 0.4793 0.2972 0.2774 0.2706 0.2408 0.2711
LINEAR REG 0.5618 0.5358 0.5110 0.4434 0.3047 0.3337 0.2512 0.1891

TOT NU M OBS 11111 COR 2583

S~DECEMBER

1HP I li. "2 1111 3 HRI 6 1111 9 HRt 12 RR 18 HIR 24
OVEit.AJ..L e. 6799 &'.5t42 0.4574 0.2083 0.2242 0.1.35 0.1750 0.1421
YEAR 1 0.7638 0.6016 0.4753 0.2480 0.1204 0.1(32 0.2325 0.2108

492 490 486 481 475 4684 456 444YEAR 2 0.6461 0.4693 0.4015 0.2475 0.1513 0.1002 0.0532 0.0215

716 714 712 708 709 708 701 697
SYEAR 3 0.6555 0.5351 0.5279 0.3899 0.4027 0.3170 0.2615 0.2394

YA735 734 733 730 727 724 71 8I 712
YEAI 4 0.6457 0.5220 0.3982 0.2228, O. 1651 0.1631 0.1240 0.0586

738 736 735 732 729 726 720 714
"fISH. 0.6730 0.5275 0.4507 0.281b 0.2239 0.1814 0.1632 0.1262
"LINEAR REG 0.5974 0.54411 0.4969 0.3770 0.2850 0.2170 0.1249 0.0719

TOT NuUM OHS IR COR 2601

G-l 9

V-4
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SERIAL CORRELATION COEFFICIENTS AND EXPOI-ENTIAL DECAY FUNCTIONS
YPFI'BURC ION WIND SPEED (N/SEC)

JANUARY

OER L HR 2 HR1 3 HR 6 HR 9 HR 12 HR 18 HR1 24
OVERALL• 0. 7072 0.7579 0.7209 0.5910 0.4737 0.4036 e.2737 O.1606
YEAR 1 0.6701 0.6613 0.6185 0.4843 0.3161 0.2339 0.0879 0.0696

666 659 652 637 629 618 609 603
YEAR 2 O.0000 O.0000 0.0000 .0000 O.0000 O.e0000 O.0000 0.0000

YEAR 3 0.8517 0.7925 0.7552 0.5778 0.4787 0.4184 0.2728 0.1865705 702 699 690 ba1 672 666 660
YEAR 4 0.8948 0.8481 0.8133 0.7003 0.6273 0.5566 0.4391 0.3673

521 519 517 511 505 499 487 475
FISHZ 0.619e 0.7724 0.7330 0.5862 0.4730 0.4010 0.2603 0.1984
LINE-R REG 0.8223 0.7700 0.7211 0.5922 0.4863 0.3994 0.2693 0.1816

TOT NUM OBS 11111 COR 1892

FEBRUARY

R11 I 11 2 Hil 3 HR 6 Hi 9 HR 12 HR 18 E1R 24
OVERALL 0.9068 0.8620 0.8225 0.6985 0.15917 0.5134 0.3639 0.2549
YEAR 1 0.8781 0.8138 0.7647 0.6008 0.4939 0.4012 0.2227 0,0299

621 616 612 601 598 595 583 571
YEAA 2 0. 9207 0.8835 0.8485 0.7358 0.5986 0.4949 0.3008 0.2087

593 389 585 573 561 550 535 523
YEAR 3 0.8803 0.8215 0.7653 0.6047 0.4747 0.3986 0.2609 0.1669

661 658 655 646 637 628 622 616
YEAR 4 0.9266 0.6961 0.•36834 0.7830 0.7169 0.6756 0.5922 0.5204

556 553 550 541 533 527 515 503
FISBZ 0.9026 0.8560 0.8144 0.6a48 0.5735 0.4953 0.3464 0.2315
L I 1E:Ajx REG w ,, ,-, •e." . a -9 0-.Z75 e. 485! e.L e. 2 4 !4. .

TOT N UK OBS IHil COR 2431

MARCH

HR I HR 2 FIR 3 HR 6 H1 9 HR, 12 HR 18 HR 24
OVERALL 0.9062 0.8589 0.8132 0.6806 O.585e 0.4867 0.33P4 0.2637
YEAR 1 0.8854 0.8271 0.7685 0.6393 0.5144 0.3827 0.1793 0.1272

374 372 370 361 354 348 ' 336 324
YEA..R 2 0.9349 0.8878 O.8463 0.7087 0.6069 0.5267 O.4290 0.4132599 590 582 566 554 542 523 5t2
YEAR 3 0.8824 0.8310 0.7767 0.6312 0.5342 0.4102 0.2013 0.0719

699 695 691 682 674 668 661 652
YEAR 4 0.8901 0.8484 0.8089 0.6764 0.6011 0.5185 6.4015 0.3023

684 601 678 669 660 651 639 627
FISHZ 0.901.: 0.8516 0.6044 0.6662 0.5700 0.4686 0.3165 0.2362
LINEAR BEG 0.9633 0.8•1.1 0.8019 0.6708 0.5610 0.4693 0.3283 0.2297

TOT NUM OS IR COR 2356

APRIL

1111 1 p, "2 HR 3 ip. 6 HR 9 11 12 FIR 18 111 24
OVERALL 0. OW2 0.8297 0.7841 O,6672 0.5728 0.4998 0.4593 0.4099
YEAR 1 0.9061 0.8550 0.6072 0.6745 0.5652 0.5224 0.5660 0.5317

548 545 542 533 524 515 499 487
YEAR 2 0 8328 0.7567 0.7120 0.5690 0.4440 0.3285 0.26B9 0.2004

695 692 689 680 675 672 666 660
YLAR 3 0.8221 0.7485 0.6767 0.3196 0.41ý33 0.3141 0.1968 0.0759

670 667 664 655 646 637 62t; 617
YEAR 4 0.8842 0.8383 0.7964 0.7144 0.6535 0.5526 0.4587 0.3839

684 681 678 669 661 656 650 644
FISIEZ 0.8631 0.6018 0.7507 0.6232 0.5218 0.4308 0.3710 0.3153
LI NEAR REG 0.8312 0.7911 0.7330 0.6492 9.5598 0.4827 0.3 30 0.2668

TOT NUN OS 1IHR COR 2597



SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS•
YPENBUG 10?! WIND SPEED (N/SEC)

MlAY

111 1 HR 2 1111 3 !R 6 H1 9 1HR 12 HR1 18 HR 24
OVERALL 0.18690 0.8050 0.7544 0.6262 0.5423 0.4700 0.3981 0.3692
YEAR 1 0.8504 0.7613 0.6963 0.5055 0.3843 0.3281 0.3509 0.3521

510 506 502 490 478 466 447 429
YEAR 2 0.8134 0.7272 0.6607 0.4604 0.3568 0.3004 0.1548 0.2205

537 531 526 513 503 494 476 460
YEAR 3 0.8577 0.7863 0.7287 0.5839 0.4724 0.3648 0.2311 0.1470

706 703 700 691 682 674 668 662
YEAR 4 0.8582 0.8011 0.7522 0.6671 0.6234 0.5507 0.5213 0.4849

702 698 694 684 675 669 663 657
rIsuz 0.8475 0.7739 0.7156 0.5704 0.4806 0.4031 0.3324 0.3096
LINEAR HEG 0.8013 0,7609 0.7226 0.6187 0.5298 0.4537 0.3327 0.2439

TOT NUN OBS IHR COR 2455

JUNE

HR 1 R1R 2 BR 3 HR1 6 HR 9 HR 12 HR 18 HR 24
OVFRALL 0.8035 0.7156 0.6273 0.4793 0.3497 0.2993 0.3067 0.2607
YEAR 1 0.7975 0.6640 0.5278 0.3201 0.1437 0.1099 0.2486 0.1637

581 573 565 548 534 521 497 474
YEAR 2 0.8541 0.8125 0.7474 0.6244 0.5700 0.5559 0.4281 0.4782

472 468 464 454 446 440 428 416
YEAR 3 0.7500 0.6590 0.5889 0.4783 0.3493 0.2648 0.2615 0.2046

573 566 562 646 332 5iB 500 485
YEAR 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0006 0.0000 0.0000

0 . 0 0 0 0 0 0 0
FISHZ 0.8011 0.7134 0.6226 0.4744 0.3543 0.3098 0.3094 0.2799
LINEAR REG 0.7296 0.6901 0.6527 0.5523 0.4673 0.3954 0.2631 0.2027

TOT NUN 0!8 1!1 COR 1626

JULY

111 I 1 2 HR 3 UR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.0963 0.8042 0.7471 0.6030 0.4869 0.4060 0.3073 0.2702
YEAR 1 0.8396 0.77"15 0.7064 0.5215 0.3570 0.2145 0.0652 0.1094

647 642 637 622 611 602 584 573
YEAR 2 0.8677 0.8049 0.7513 0.6089 0.5017 0.4287 0.3395 0.2629

636 631 627 615 604 596 584 572
YEAR 3 0.8632 0.7798 0.7364 0.6059 0.4930 0.4493 0.3615 0.3591

716 713 710 701 695 689 68a3 677
YEAR 4 0.8694 0.8069 0.7200 0.5269 0.3943 0.2568 0.1386 0.0299

566 562 558 546 535 526 508 490
FISiHZ 0.8603 0.7909 0.7276 0.5700 0.4417 0.3479 0.2387 0.2073
LINEAJIIIEG 0.8427 0.7835 0.7284 0.5854 0.4705 0.3781 0.2442 0.1577

TOT NUN OS 1R1 COR 2565

AUGUST

HR I HR1 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR1 24
OVERALL 0.8640 0.8142 0.7654 0.6501 0.5638 0.5025 0.3607 0.2704
YEAR 1 0.8614 0.7684 0.7375 0.5849 0.4742 0.3614 0.1892 0.0316

671 667 664 658 654 646 634 622
YEAR 2 0.83a6 0.0088 0.7581 0.6359 0.5512 0.4750 0.3534 0.3179

545 541 537 528 524 520 508 496
YEAP -3 0.8185 0.7552 0.6885 0.5710 0.4915 0.4782 0.3044 0.1615

632 628 624 613 604 595 588 576
YEAR 4 0.d957 0.8545 0.8210 0.7325 0.6545 0.6109 0.4956 0.4614

707 704 701 692 683 676 670 664
F S1rZ I0.0579 O.8079 0.7573 0. 6M3JU 0.5500 0.4B90 0.3430 0.2524
LINEAJI PBEG 0.8492 0.8054 0.7639 0.6517 0.5560 0.4744 0.3453 0.2513

TOT NUN 03S lhM COB 2555 W"

G-21
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SERIAL CORRELAT!ON COEFFICIENTS AND EXPONENTiAL DECAY FUNCTIONS
YPENBUJIG, 10M WIND SPEED (l¶/SEC)

SEPTEMBER

HR I HR 2 HR 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVEP-M.L 0.8945 0.8406 0.7926 0.6587 0.5775 0.5201 0.4324 0.4005
YEAR 1 0.8504 0.7493 0.6754 0.4304 0.2468 0.1608 0.0892 0.1578

268 265 263 256 250 243 231 219
YEAR 2 0.8957 0.8418 0.7807 0.6127 0.5379 0.4984 0.3805 0.4162

651 647 643 631 620 6!3 601 592
YEAR 3 0.8764 0.8146 0.7793 0.6436 0.5567 0.4509 0.3432 0.2176

694 691 688 680 674 668 662 656
YEAR 4 0.9113 0,8734 0.8284 0.7405 0.6771 0.6508 0.5897 0.5530

689 686 683 o74 666 660 653 647
FISfrL 0.8909 0.8360 0.7859 0.6480 0.5630 0.5045 0.4123 0.3799
LINEAR BEG 0.8546 0.8193 0.7854 0.6920 0.6096 0.5371 0.4169 0.3236

TOT NUN OBS IHR COR 2302

OCTOBER

HR I HR 2 HR 3 HR 6 HR 9 1R 12 HR ii1 HR 24
OVERALL 0.8978 0.8618 0.8271 0.7397 0.6513 0.5794 0.4663 0.3777
YEAR 1 0.8574 0.7806 0.7176 0.6220 0.4957 0.3821 0.1721 0.0730

408 405 403 397 39 1 383 375 363
YEAR 2 0.8743 0.8249 0.7912 0.6918 0.5798 0.5138 0.3548 0.1986

690 687 684 675 669 666 660 654
YEAR 3 0.8503 0.8102 0.7584 0.5997 0.4893 0.3555 0.2227 O.1834

709 705 701 693 686 681 674 668
YEAR 4 0.9085 0.8810 0.8492 0.7749 0.6884 0.6278 0.5339 0.4214
FISHZ 719 716 713 704 699 696 690 684

0.8768 0.8333 0.7913 0.6851 0.5783 0.4895 0.3490 0.2439
LINEAR REG 0.8830 0.8365 0.7924 0.6737 0.5727 0.4869 0.3519 0.2544

TOT NUN OBS IHR COR 2526

NOVEMBER

HR 1 HR 2 HR 3 HR 6 HR 9 HM 12 HR 18 11R 24
OVERALL 0.9016 0.8614 0.8214 0.7263 0.6383 0.5766 0.4762 0.4342
YEAR 1 0.8667 0.8231 0.7825 0.7025 0.6150 0.5118 0.3786 0.3317

513 506 499 478 461 449 430 425
YEAR 2 0.8839 0. 841 1 0.7946 0.7254 0.6666 0.6350 0.5587 0.568O

681 677 673 661 652 646 640 634
YEAR 3 6.9129 0.8548 0.7989 0.6295 0.4822 0.3757 0.1709 0.0300

692 689 686 677 669 667 661 654
YEAlk 4 0.8971 0.8634 0.8290 0.7383 0.6589 0.6246 0.5769 0. 5580

664 660 656 644 634 625 613 603
FISHZ 0.8929 0.8476 0.8030 0.7004 0.6089 0.5451 0.4349 0.3903
LINEAR MEG 0.8717 0.8360 0.8055 0.7155 0.6356 0.5646 0.4454 0.3515

TOT NUN ()UiS IR COR 2550

DECEMBER

HR I HR 2 HR 3 HR 6 HR 9 HR 12 RR 16 1R 24
11.9"96 q.bt 40 0.8142 0.6868 0.5797 6.49868 .3578 0.13655

YEAR 1 0.9379 0.9111 0.8793 0.8054 0.7457 0.6910 0.5881 0.5414
563 559 556 547 539 536 529 517

YEAR 2 0.8813 0.8306 0.7901 0.7212 0.6663 0.6366 0.5674 0.5893
662 658 654 642 633 627 62! 615

YEAR 3 0.9044 0.8335 0.7737 0.6307 0.4956 0.4041 0.188( 0.1442
705 702 699 690 681 672 665 659

YEAR 4 0.8683 0.8273 0.7578 0.5721 0.4200 0.3176 0.2182 0.1785
706 702 699 690 683 677 667 661

FIsWL 0.8995 0.8557 0.0015 0.6851 0.5862 0.5171 0.3932 0.3671
LINEAR REG 0.8781 0.8401 0.8037 0.7030 0.6163 0.5396 0.4138 0.3173

"tOT NUN OBS IHR COR 2636

G-22



SERIAL CORRELATION COEFFICIENTS AND FIZONENTIAL DECAY FUNCTIONS h4

YPENBURG 2M WIND SPEED ("/SEC)
JANUARY

OR I 1R 2 HR 3 HH 6 HR 9 fft 12 HR 18 HR 24
OVERALL 0.7864 0.7439 8.6960 0.5749 0,4739 0.4104 0.3272 0.2969
YEAR 1 0.7233 0.6811 0 6193 0.4678 0.3711 0.3527 0.3192 0.2569

743 742 741 738 735 732 726 720
YEAR 2 0.7182 0.6908 0.6351 0.5251 0.4582 0.4167 0.3435 0.2943

716 715 714 711 708 705 699 693
YEAJR 3 0.9439 0.8706 0.7961 0.6190 0.5299 0.4659 0.2633 0.0971

703 700 696 687 681 675 666 661
YEAR 4 0.9675 0.9269 0.8837 0.7574 0.6372 0.5563 0.4630 0.4551

731 730 729 726 723 721 715 709
FISHZ 0.8870 0.8215 0.7563 0.6047 0.5e51 0.4507 e.3511 0.2838
LINEAR REG 0.8527 0.8073 0.7643 0.6486 0.5504 0.4671 0.3364 0.2422

TOT NUN OBS IHR COR 2893

FEBRUARY

HR 1 HR 2 UR 3 HR 6 aR 9 1R 12 K1 18 HR 24
OVERALl. 0.7489 0. 6925 0.6433 0.4954 0.4231 0.3709 0.2809 0.2362
YEAR 1 0.7133 0.6198 0.5168 0.3658 0.2390 0.2065 0.1431 0.1541

693 692 69 1 688 685 682 676 670
YEAR 2 0.7903 0.7483 0.67452 0.6225 0.5802 0.5035 0.4330 0.3438

630 629 628 625 622 619 613 607
YEAR 3 0.9760 0.9375 0.8954 0.7570 0.6578 0.6256 0.6689 0.7034

633 629 627 619 613 608 597 587
YEAR 4 0.9619 0.9036 0.8405 0.6571 0.5281 0.4565 0.44!0 0.4423

62& 626 624 618 612 606 594 5821
FISfWz 0.9087 0.0376 0.7775 0.6126 0.5093 0.4537 0.4316 0.4253
LINEAR REG 0.8423 0.8095 0.7779 0.6903 0.6126 0.5436 0.4281 0.3371

TOT NU-M OS 1HR COR 2584. .,

MARCH

HK 1 HR 2 81 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.7976 0.7470 0.6952 0.5509 0.4690 0.3956 e.2721 0.2463
YEAR 1 0.7602 0.6945 0.6363 0.4589 0.4212 0.3458 0.2096 0.1439

737 735 733 730 727 724 719 712
YEAR 2 0.7077 0.6616 0.5897 0.4306 0.3387 0.2794 0.1525 0.1608

743 742 741 738 735 732 726 720
YEAR 3 0.9513 0.8764 0,8023 0.6454 0.5304 0.4234 0.3455 0.3a310

681 679 670 672 666 660 648 636
YEAR 4 0.9501 0.8939 0.8342 0.6647 0,5220 0.4592 0.4388 0.4347

661 657 652 645 640 636 626 614
FISHZ 0.6780 0.8000 0.7269 0.5530 0.4523 0.3751 0.2835 0.2638
LINEAR REC 0.8353 0.7040 0.7359 0.6085 0.5032 0.4161 0.2846 0.1946

TOT NUM OHS 111 COB 2822

APRIL
SHR I HR 2 R 3 UR 6 FIR 9 HR 12 HR 18 HR 24

OVERALL e.7607 0.7135 0.6621 0.5364 0.4508 0.3869 0.3063 0.2519
YEAR 1 0.7125 0.6254 0.5607 0.3837 0.2751 0.1674 0.0873 0.1075

717 716 715 712 709 706 700 694
YEAR 2 0.8237 0.7757 0.7387 0.6385 0.5486 0.4958 0.3856 0.2682

719 718 717 714 711 708 702 696
YEAR 3 0.9542 0.8964 0.8350 0.6900 0. 5746 0.44873 0.4893 0.5438

565 563 561 555 549 543 531 519
YEAR 4 0.9605 0.9028 0.8423 0.6009 0.5724 0.5377 0.5844 0.6020

717 716 715 712 709 706 700 694
FIS1IZ 0. 8956 0.8215 0.759b 0.6054 0.4967 0.4278 0.3948 0.3880
LINEAR REG 0.8342 0.7902 0.7637 0.6691 0.5862 0.5136 0.3942 0.3026

TOT NbM OBS 1111 CORl 271g

G-23
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIGNS
YPENBURG 2M WIND SPEED (K/SEC)

MAY

1R I !R 2 HR 3 HR f6 HR 9 RR 12 Ht118 11R 24
OVERALL. 0.3833 0.4658 0.3026 0.2065 0.0542 -0.0850 0.0955 0.4195
YEAR 1 0.4128 0.4416 0.3112 0.1986 0.0558 0.0817 0.0473 0.3183

739 738 737 734 731 728 722 716

YEAR 2 0.2941 0.4279 0.2258 0.1766 0.0265 0.1056 0.1039 0.4639
738 736 734 730 727 724 718 712

YEAR 3 0.9563 0.8859 e.81l1 0.6219 0.4868 0.4694 0.5659 0.5708
656 655 654 651 648 645 639 633

YEAR 4 0.9749 0.9379 0.8958 0.7875 0.7174 0.6816 0.6817 0.6721
625 623 621 615 609 603 591 579

FISHZ 0.8161 0.7498 0.6321 0.4740 0.3376 0.3434 0.3614 0.5073
LINEAR BEG 0.7084 0.6892 0.6705 0.6173 0.5683 0.5232 0.4435 0.3760

TOT NUll OBS lm1 COR 2758

JUNE

1R 11R2 HR 3 1R 6 11R 9 81 12 1R 18 k) 24
OVERALL 0.6309 0.5881 0.4923 0.3032 0.1281 0.0593 0.2209 0.2891
YEAR 1 0.6217 0.5701 0.4362 0.2138 0.0165 0.0512 0.1234 0.2087

598 568 538 535 533 529 523 607
YEAR 2 0.6554 0.6561 0.6147 e.3971 0.2047 0.1140 0.3387 0.3602

351 330 310 306 300 293 279 307
YEAR 3 0.5462 0.4491 0.3238 0.1928 0.0692 0.0417 0.0523 0.1681

317 489 461 453 447 445 426 485
YEAR 4 0.001c 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0
FISHZ 0.6049 0.5529 0.4462 0.2519 0.0794 0.0624 0.1498 0.2292
LINEAR BEG 0.5484 0.5193 0.4917 0.4174 0.3543 0.3008 0.2168 0.1562

TOT NILM O(S !1H. COR !46(JLY

JULY

HR I HR 2 HR 3 HR 6 H1 9 HR 12 HR 18 H11 24
OVERALL 0.6164 0.5648 0.4817 0.3590 0.2389 0.1875 0.1737 0.2132
YEAR 1 0.4811 0.4600 0.3691 0.2221 0.1039 0.0645 0.1482 0.2944

741 740 739 736 733 730 724 718
YEAR 2 0. 7119 0. 6521 0 .5643 0. 47uB 0. 3498 0. 2834 0. 1895 0. 1844

716 7i4 712 706 700 694 682 670

YEAR 3 0.9548 0.8972 0.8401 0.6684 0.5714 0.5421 0.5397 0.5406
743 742 741 738 735 732 726 720

YEAR 4 0.9445 0.8700 0.7890 0.5432 0.3408 0.3002 0.4333 0.4212
617 614 611 601 592 583 565 547

FISHZ 0.8484 0.7637 0.6752 0.4910 0.3536 0.3088 0.3349 0.3676
LINEAR REG 0.7632 0.7282 0.6947 0.6033 0.5239 0.4549 0.3431 0.2587

TOT NUN OBS IHR COR 2817

AUGUST

11R I ER 2 !B 3 H11 6 E91 9 111 12 81 18 11R 24
OVERALL 0.6584 0.6280 0.5905 0.4242 0.3156 0.2394 0.2808 0.3916
YEAR 1 0.6247 0.5617 0.5445 0.3493 0.1905 0.0997 0.1448 0.3005 C-.

662 660 658 652 646 648 628 616
YEAR 2 0.6872 0.6839 0.6213 0.4918 0.4122 0.3840 0.3652 0.4141

743 742 741 738 735 732 726 720
YEAR 3 0.9263 0.0352 0.7423 0.4786 0.2755 0.1758 0.2820 0.3626

681 678 676 670 664 658 646 634
YEAR 4 0.9254 0.8403 0.7413 0.4705 0.2204 0. 1167 0.3095 0.4139

525 521 517 505 494 483 470 464
FISHZ 0.8268 0.7437 0.6653 0.4497 0.2854 0.2097 0.2787 0.3728
LINEAR KEG 0.7418 0.7079 0.6756 0.5871 0.5102 0.4434 0.3349 0.2530

TO'I NUM OBS 1HR COB 2611
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBU1RG 2N WIND SPEET) (M/SEC)

SEPTEMBER

11 I RR 2 H[R 3 HR 6 11, 9 UR 12 1118 I H1R 24
OVERALL 0.6352 0.5401 0.4652 0.4136 0.2914 0.2636 0.3033 9.3793
YEAR 1 0.5120 0.4223 0.3178 0.3111 0.1852 0.1475 0.2619 0.3871

689 687 605 679 673 667 655 643
YEAR 2 0.6825 8.5541 0.4650 0.4519 0.3013 0.3066 0.3669 0.5034

719 718 717 714 711 708 702 696
YEAR 3 0.9433 0.8645 0.7666 0.5244 0.2739 0.1307 0.1864 0.0430

103 102 101 98 95 92 86 80
YEAR 4 0.9413 0.8698 0.7978 0.6086 0.4314 9.3351 0.3782 0.4924

675 673 671 665 659 653 641 632
FISHZ 0.7915 0.6748 0.5741 0.4676 0.3070 0.2597 0.3313 0.4498
LINEAR REG 0.6694 0.6491 0.6293 0.5737 0.3230 0.4767 0.3961 0.3292

TOT NUN OHS 11 COR 2186

OCTOBER

HR 1 HR 2 1R 3 HR 6 U1R 9 11t 12 HR 18 HR 24
OVERALL 0.6997 0.0616 0.5275 0.4223 0.3409 0.3548 0.2427 0.3714
YEAR 1 0.6514 0.5157 0.3843 0.2589 0.1018 0.1605 0.0189 0.2808

696 693 691 682 673 664 646 636
YEAR 2 0.6641 0.5589 0.5321 0.3971 0.3048 0.2465 0.1637 0.2050

743 742 741 738 735 732 726 720
YEAR 3 0.9586 0.9057 0.8522 0.7223 0.6554 0.6297 0.5502 0.5674

580 578 576 570 564 558 546 536
YEAR 4 0.9624 0.8939 0.0103 0.5441 0.3573 0.2749 0.3128 0.4375

708 707 706 703 700 697 691 685
FISHZ 0.8717 0.7663 0.6787 0.4889 0.3591 0.3276 0.2597 0.3695
LINEAR REG 0.7773 0.7392 0.7030 0.6046 0.5200 0.4473 0.3309 0.2448

T'01 NU• OBS IHR COR 27z7

NOVEMBER

HR 1 HR 2 HR 3 FHR 6 HR 9 HJR 12 KR 18 HR 24
OVERALL 0.7630 0.7236 0.6842 0.6110 0.5291 0.4724 0.3761 0.3044
YEAR 1 0.7493 0.7188 0.6638 0.5095 0.3641 0.2844 0.0922 0.0788

717 716 715 712 709 706 700 694
YEAR 2 0.7376 0.6766 0.6311 0.5553 0.4841 0.4436 0.4388 0.4142 C.

696 694 692 686 680 674 662 652
YEAR 3 0.9840 0.9662 0.9490 0.9148 0.8890 0.8655 0.8304 0.7816

719 718 717 714 711 708 702 696
YEAR 4 0.9842 0.9599 0.9329 0.8535 0.7901 0.7544 0.6780 0.6022

717 716 715 712 709 706 700 694
FISIEZ 0.9344 0.8919 0.8527 0.7646 0.6928 0.6473 0.5699 0.5144
LINEAR BEG 0.9044 0.8800 0.0562 0.7087 0.7264 0.6691 0.5677 0.4817

TOT NUN OBS 111R COR 2849

DECEMBER

1111 1 R2 11t 3 HR 6 HR 9 RR 12 HR 18 111 24
OVErLxJ.I 0.7525 0.6995 e.6439 0.5268 0.4512 0.3927 0.2609 0.2142
YEAR 1 0.7111 0.6234 0,5675 0.4228 0.3425 0.3226 0.1393 0.1211

743 742 741 730 735 732 726 720
YEAR 2 0.6331 0.5904 0.5166 0.3755 0.2660 0.1788 0.0598 0.0063

740 738 737 734 731 728 722 716
YEAR J 3 0.9769 0.9466 0.9113 0.8191 0.7410 0.6825 0.6109 0.5850

576 574 572 566 560 554 542 530
YEAR 4 0.9844 0.9601 0.9330 0.8539 0.7916 0.7578 0.6851 0.6093

693 692 691 688 685 682 676 670
FISW1. 0.9081 0.8472 0.7902 0.6576 0.5640 0.5091 0.3896 0.3359
LINEAII BEG 0.8767 0.8361 0.7973 0.6916 0.5999 0.5203 0.3914 0.2945

TOT NUl OS IHit COR 2752

G-25



SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG TEMPERATURE (DEG C)

JANUARY

HRI I1R 2 H1 3 IIR 6 IIR 9 lil 12 lil 1B8 1iR 24
OVERALl. 0.9583 0.9077 0.8545 0.7091 0.b019 0.5232 0.4248 0.3903
Y•EAR1 1 0.9439 0.8706 0.7901 0.6190 0.529') 0.4659 0.2633 0.0971

703 700 696 687 681 675 666 661
YEAR 2 0.9675 0. 92') 0. 8837 0.7574 0.6372 0.5563 0.4639 0.4551

731 730 729 72b 723 721 715 7(,9

YEAR .1 0.9533 0.8906 0.8243 0.6375 0.512b 0.4329 0.39B2 0.4483
743 742 741 738 735 732 726 720

YEAR 4 0.9515 0.9042 0.8543 0.7209 0.6317 0.5383 0.4177 0.3341 N,
716 715 714 711 708 705 699 693

F ISiz 0.9550 0. 9003 0. 8431 0.61885 0. 5806 0.5001 0.13900 0.3449
LINEAR BEG 0.9298 0.31119 0.8403 0.7220 0.6204 0.5330 0.3935 0.2905

TOT NUM OBS lIlH COR 2893

FEBRUARY

Hit I HR 2 11 3 1ilt 6 1IR 9 1111 12 [IR l8 Hit '-4
OVERALL 0.9736 0. 9340 0. 0807 0.7500 0.6447 0.5942 0. 6187 0.6650
YEAR 1 0.9760 0.9"75 0.8954 0.7570 0. 65713 0.6256 0.66B9 0.7034

633 629 627 619 613 608 597 587
YEAR 2 0.9619 0.9036 0.8405 0.6571 0.5281 0.4565 0.4410 0.4423 K

628 626 624 618 612 606 594 582
YEAR 3I 0.9587 0.8944 0.8163 0.5695 0.3683 0.2600 0.3281 0.4656

693 692 69 1 688 685 6f2 676 @70
YEAR 4 0.9711 0.9335 0.8915 0.7783 0.7016 0.6567 0.6383 0.6504

630 629 6,11 625 622 619 613 607

F ISHZ 0.9675 0.91118 0.8637 0.6966 0.5726 0.5095 0.5232 0.5740
LINEAR REG 0.8980 0.0723 0.8474 0.7769 0.7123 0.6530 0.5409 0.4613 \. '-

TOT NUM OBS 11111 COB 2584

KARCII

HR I HP, 2 tn 13 ilt 6 Hit 9 1i1 12 i1 18 HR 24
OVERALL 0.9619 0.9097 0.0551 0.7147 0.6075 0.5351 0.5043 0.4915
YEAR 1 0.9513 0.0764 0.B023 0.6454 0.5304 0.4234 0.3455 0.3310

681 679 6711 672 666 660 648 636
YEAR 2 0.9501 0.0939 0.8342 0.6647 0.5220 0.4592 0.4388 0.4347

661 657 652 645 640 636 626 614 ,. 4 x

YEAR 3 0.9636 0.9131 0.8580 0.7616 0.5786 0.4722 0.3613 0.2698
735 7313 731 728 725 722 717 710

YEAR 4 0.9566 0.0996 O.8380 0.6b19 0.5309 0.4831 0.5602 0.6164
743 742 741 738 735 732 726 720

FISHZ 0.9559 0.8970 0.83418 0.6695 0.5416 0.4607 0.4329 0.4259
LINEAR REG 0.9037 0.8655 0. 6289 0.72051 0.6396 0.5618 0.4335 0.3345

TOT NUN OBS 111 COR 21320

RR I 111 2 li1 3 HR 6 HR 9 411 12 llt118 11lt 24 r
OVERALL 0.9640 0.9140 0. i1609 0.7144 0.5937 0.5320 0.5708 0.6264
YEAR 1 0. 8842 0. 83M3I 0.7964 0.7144 0.6.535 0.5526 0.4587 0.3639

6834 681 678 669 661 656 650 644
YEAR 2 0.7456 0.7220 0.6664 0.5323 0.4789 0.4125 0.3241 0.2102

565 563 561 555 549 543 531 519
YEAR [3 0.6619 0.5591 0.4692 0. 3259 0.1990 0.1449 0.1105 0. 1818

717 716 715 712 709 706 700 694
YEAR 1 0.7125 0.6254 0.5687 0.3137 0.2751 0.1674 0.0873 0.1075

717 716 715 712 709 706 700 694
FISIIZ 0.7656 0.6996 0.6381 0.50011 0.4104 0.3209 0.24281 0.2212
LINEAR REG 0.7351 0.6092 0.6462 0.5325 0.4389 0.3617 0.2456 0. 1668

TOT NUMJ OBS 1HR COR 2683

(;-26
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG TEMPERATURE (DEG C)

,MAY
HR I HR 2 HiR 3 HR 6 E[R 9 fIR 12 IHR 16 HP 24

OVERALL 0.9790 0.9325 e.0905 0.7752 0.6953 0.6682 0.6954 0.7036
YEAR 1 0.9563 0.8859 0.8111 0.6219 0.4668 0.4694 0.5659 0.5708

656 655 654 651 648 645 639 633
YEAR 2 0.9749 0.9379 0.8958 0.7875 0.7174 0.6816 0.6817 0.6721

625 623 621 615 609 603 591 579
YEAR 3 0.9766 0.9475 0.9184 0.8384 0.7865 0.7628 0.7560 0.7563

739 738 737 734 731 728 722 716
YEAR 4 0.9659 0.9205 0.8695 0.7078 0.5895 0.5481 0.6260 0.6758

738 7.°6 734 730 727 724 718 712
FISH7 0.9695 0.9266 0.8802 0.7515 0.6617 e.6310 0.6653 0.6770
LINEAR REG 0.9003 0.8841 0.8682 0.8222 0.7786 0.7373 0.6612 0.5930

TO NUM OBS IHR COR 2758

.JUNE

HR I 11 2 11 3 HR 6 11P, 9 HR 12 HR 18 HR 24
OVERALL 0.9450 0.8778 0.8060 0.6268 0.5103 0.4361 0.4088 0.4397
YEAR 1 0.9449 0.8669 0.7852 0.58a9 0.4872 0.4057 0.2910 0.3368

713 7 11 710 707 704 701 695 689
YEAR "2 0.9595 0.9053 0.84b9 0.6892 0.5769 0.5244 0.6095 0.6928

423 420 417 408 399 390 373 355
YEAR 8 0.9194 0.8452 0.7634 0.5656 0.4134 0.3209 0.2888 0.2276

624 621 618 609 600 591 573 557
YEAR 4 0.0000 0.0000 0.0050 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0
FISHY 0.9414 0.8704 0.7946 0.6068 0.4846 0.4063 0.3726 0.3972
LINEAR REG 0.8768 0.8357 0.7965 0.6897 0.5972 0.5171 0.3877 0.2907

I. 'T1'" NUM OBS I1111 COR 17601

•",.t" JULY

lift I HIIR• HR 3 HtR 6 wl 9 IIR 12 HR 1I M r 24 ,.•(VVERAILI 0.9014 0.90118 0.8526 0.6860 0.5600 0.5064 0.5612 0.59B4

YEAR 1 0.9548 0.8972 0.8401 0.6604 0.5714 0.5421 0.5397 0.5406 -o
743 742 741 738 735 732 726 720YEAR 2 0. 94456 O.Bf7006 0. 78906 0 . 54320 0 . 34089 0. 30028 0. 43335E 0. 42512•f-,4 ER617 614 61 1 601 592 5833 5fI5 5:47YEAR :| 0.94.93 0. 87119 0.0014 0.53727 0. 3881 0. 2957 0. 3830 0. 4841I
741I 740 739p 736 733 730 724 718H

YEAR 4 0.9680 0.9215 0. l•!06 0.7222 0.6972 0.5380 0.5982 0.6428716 714 712 706 7CO 694 662 670
FISHZ 0.9554 0.8944 0.8293 0.6351 0.4904 0.4315 0.4950 0.5'313
1. I NEAR REG 0.6733 0. 0453 0.8183 0.7422 0.6732 0.6106 0.5023 0.4132

T"OT 1U111 Oils Il1l( COR 281 7

AUGUST

lift I IIR 2 ill 3 1 1. 6 lit 9 lilt 12 Hwl lI 1IR 24
-OVEHIIA-1. 0.94,5 0. H7111 0. 1106b 0. 6086 0. 45 17 0. 380 ( 0. 468i, 0. 5367

YEAR 1 0.9261 ). B.: 15 2 0.7423 0.4786 0.2755 0.1758 0. 2620 0. 3626
" 68! 6711 676 670 664 658 646 634

YEAH! 2 0. 9254 0.8403 0.742:1 0.4705 0.2204 0.11137 0.3095 0.4139
525 52 1 517 505 494 483 470 464

.YI.ARt 3 0.9199 0.184:10 0.77553 0 5212 0.3625 0.2561 0.2940 0.4623
1.60:! 6 60 6511 652 646 640 6211 616

"YEAR 4 0. 9503 0. 11849 0. - B149 0.6145 0.4475 0.:%H74 0.41159 0.50011
o 743 742 74 I 738 735 732 726 720

F I 15IZ 0.931411 0. 11539 0. 76B1 0.5296 0.3396 0.24911 0. "541 0.4425
1I 1.NLAR REG 0.11437 0. 1077 0.7733 0.671.4 0.595,1 0. 522; 0.4020 0. 3095

* T1O NUll OBS Iilt col1. 26 11 z

G- 27
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUTNCTIONS

YPENBURG TEMPERATURE (DEG C)
SEPTEMBER

H I RR 2 HR 3 HR 6 HR 9 HR 12 11R 18 HR 24
OVERALL 0.9592 0.9042 0.8474 0.6905 0.5617 0,4845 0.4890 0.5206
YEAR 1 0.9433 0.8645 0.7666 0.5244 0.2739 0.1307 0.1864 0.0430

103 102 1101 98 95 ; 86 80
YEAR 2 0.9413 0.a698 0.7978 0.6086 0.4314 0.3351 0.3782 0.4924

675 673 671 665 659 653 641 632
YEAR 3 0.9721 0.9316 0.8878 0.7554 a.6541 0.5806 0.5108 0.4533

660 657 654 645 636 627 609 592
YEAR 4 0.9315 0.8373 0.7449 0.4964 0.3072 0.2048 0.3056 0.454i
FISHZ 0.9508 0.8841 0.8152 0.6238 0.4637 0.3681 0.3890 0.4525

L IN EAR REG 0.0796 0.8426 0.8072 0.7096 0.6238 0.5483 0.4237 0.3275

TOT hUM OBS IHfiR COR 2157

OCTOBER
HR I HiR 2 Hit 3 RR 6 HR 9 Wit 12 H•R i18 HR 24 -"

OVERALL 0.9714 0.9303 0.8858 0.7628 0.6795 0.6357 0.5960 0.6103
YEAR 1 0.9586 0.9057 0.8522 0.7225 6.6554 0.6297 0.5502 0.5674

580 578 576 570 564 558 546 536
YEAR 2 0.9624 0.8939 0.8103 0.5441 0.3573 0.2749 0.3128 0.4375

708 707 706 703 700 697 69! 685
YEAR % 0.9843 0.9633 0.9415 0.8384 0.8477 0.8222 0.7975 0.7878

698 695 693 684 675 666 648 638
YEAR 4 0.9661 0.9211 0.8741 0.7461 0.6561 0.5978 0.5104 0.4806

743 742 741 738 735 732 726 720
FISFI6 0.9701 0.9270 0.8802 0.7509 0.6609 0.6121 0.5666 0.5838LI NEAR -i.EG G.;iri1 6.94 o• W, .o3*0 O. GZ45 G,.7,4'32 6. IG666 6.56 6o• . 50ai ,,

TOT NUN OBS IHR COR 2729

NOVEMBER

1R 1i11 2 HR 3 HR 6 H1 9 HR 12 HR lB 81 24
OVERALL 0.9825 0.9606 0.9368 0.8730 0.8258 0.7955 0.7638 0.7320
YEAR 1 0.9840 0.9662 0.9490 0.9148 0. 8890 0.8655 0.8304 0.7816

719 718 717 714 711 708 702 096
YEAR 2 0.9842 0.9599 0.9329 0.85,1i5 0.7901 0.7544 0.6780 0. 6922

71V 716 715 712 709 706 700 694
YEAR 3 0.9591 0.9101 0.8546 0.7154 0.6162 0.5380 0.5098 0.5204

717 716 715 712 709 706 700 694
YEAIR 4 0.9875 0.9730 0.9566 0.9055 0.0710 0.8559 0.8586 0.8550

696 694 692 6d6 680 674 662 652
FISlrz 0.9810 0.9572 0.9313 0.8629 0.8125 0.7786 0.7452 0.7146
LINEAI REG 0.953a 0.9399 0.9263 0.8865 0.8484 0.8119 0.7437 0.6811

"IVT0•l* NUN oilS 1111 Coll 2049

DECEMBER
111% 1 wi1 2 W11 3 llR 6 W1V 9 lilt 12 I1,11 I6 1111 24•,''

OVERLALl, ').9813 0.9567 0.9302 0.8566 0. 7963 0.746d 0.6809 0.6418YEAR 1 0.9769 0.94615 0.91 13 0.01191 0.7410 0.68i25 0.6109 0.58-50
576 574 572 566 560 554 542 530YEAR 2 0.9844 0.9601 0.9330 0.8539 0.7916 0.7570 0.6851 0.6093

693 692 691 680) 615 682 676 670
YL.AIt 0.9840 0.9632 0.9417 0.88030 0.8245 0.7699 0.7150 0.6942

743 742 741 73LO 735 732 725 720
YEAR 4 0. 96116 0.9328 0.8971 0.f056 0.7447 0.6984 0.5937 0.4810

740 738 737 734 73!I 728l 722 716
FISHYL 0.9794 0.9522 0.9232 0.0444 e.7799 0.73*7 0.6564 0. 5967
LINEAR REG 0.9624 6.9410 0.9201 0. ab00 0.8039 0.7514 0.6565 0.573b

TOT NUN OBS 1IHR CORt 2752

G-28
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SERIAL COlRRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUINCTIONIS
YPENBUBC DEWPOINT (DEC C)

JAN1UARY

1111.1 HR 2 H11 3 1.R 6 ER 9 HR 12 fRR 10 111 24
OVERlALL 0.9545 0. 89:3 0.8350 0.6695 0.5412 0.4422 0.3411 0.3049
YEAR 1 0.9413 0. 8645 0.7795 0.5470 0.3808 0.2584 0.0595 0.0655

703 700 696 607 681 675 666 661
YEAR 2 0.9566 0.9010 0.8.$41 0.6965 0.5601 0.4715 0.3786 0.3MEW

731 730 729 726 723 721 715 709
YEAR 3 0.9539 0.8800 0.8009 0.5012 0.4654 0.3960 0.4111 0.5234

743 742 741 739 735 732 726 720
YEAR 4 0.9591 0.9199 0.8775 0.76.42 0.6443 0.5315 0.3866 0.2712

716 715 714 712 708 705 699 693
FISHZ 0.9532 0.81934 0.0295 0.6564 0.5228 0.4210 0.3188 0.3193
I.1NEAR REG 0.9259 0.8729 0.8229 0.6896 0.5779 0.4843 0.3401 0.2368

TOT NUM OBS IHR COR 2893

FEBRUARY

lilt1 1 2 HHR 3 HR 6 Hit 9 11112 1 Iwi in H24
OVEFRALL 6.9721 0.9308 0. M40 0.7338 0.6092 0.5387 0.5397 0.5637
YEAR 1 0.9644 0.9098 0-.502 0.6362 6.468* 0.4129 0.5565 0.6571

633 629 627 619 613 608 597 587
YEAR 2 0.9567 0. e960 0.8330 0.6797 0.5481 0.4035 0.1930 0.1142

620 626 624 618 6 12 606 594 502
YEAR 3 0.9765 0.93'E8 0.8977 0.7559 0.6169 0.5144 0.4485 0.4235

693 692 691 608 685 682 676 670
YEAR 4 0.9683 0.9233 6.8680 0.7037 0.5136 0.5213 0.4907 0.5065

630 629 620 625 622 619 613 607
FISHZ 0.9675 0.9194 0.8652 0.6982 0.5580 0.4640 0.4319 0.4451
LINEAR BEG 0.9247 0.11860 0.8490 0.7469 0.6571 0.5781 0.4474 0.3463

.'Mi NUM 013s IHR 'COR 2504 MAC

Hit I HR 2 HR 3 iIR 6 f1119 11t 12 HR 8 it HR 24
OVERALL 0.9724 0.9374 0. 8998 0.7930 0.6943 0.6102 0.5109 0.4345
YEAR 1 0.9735 0.9332 0.13966 0.7896 0.6925 0.6134 0.5604 0.5115

681 679 676 672 666 660 648 636
YEAR 2 0.954$ 0.9009 0.8466 0.6857 0.5453 0.4394 0.3031 0.2224

661 657 652 645 640 636 626 614
YEAR A 0.9676 0.9273 0.88IO 0.7458i 0.5970 0.4342 0.1563 0.0039

735 733 731 728 725 722 717 710

YEAR 4 0.9774 0.9505 0.9195 0.0335 0.7633 0.7183 0.6897 0.6282
738 736 735 732 729 726 720 714

F I SIZ 0.9696 0.9312 0.81197 0.7710 0.6605 0.5667 0.4546 0.3666
LlNEAh REG 0.9666 0.9243 0.818313 0.7726 0.6755 0.5905 0.4514 0.3450

TIOTJ NUM OHS 12fill C0l1 2U153

APRIL
fil I flit 2 lift 11 H R 6 H it 9 fill 12 wlt 1I I li lt 2 4

OVERALl. 0.9700 0.9375 0.9059 0.8114 0.7445 0.6799 A.571M 0.5014
YEAR I 0.97111 0.9,329 0.92b0 0.8424 0.7756 0.7-226 0.6359 0.5339565 '163 361 553 549 543 531i 519 •-•

YEAR 2 0.9700 0.9411 0.9!44 0.11410 0.7094 0.7374 0.6347 0.5403
717 716 715 72 709 706 700 694

YEAR 3 0.9575 0 9075 0.4159,, 0.73,13 0.6295 0. 5238 0.3706 0.3617 v
717 726f 715 7!2 709 706 700 694

YI.AIR 4 0.955f, 0.92119 0.13693 0.75114 0.6451 0.5369 0.31101 0.3007
717 716 715 712 709 706 700 694

F' I SIZ 0. 9661 0. 9295 0. 11939 0.7956 0.7108 0.6354 0.5087 0. 4335 .,.
L I NLEAR IIEG 0.9601 0.9250 0.86927 0. 0004 0.7176 0.64J4 0.5172 0.4150

SUBS rlllt COt 2'• 16



SERIAL COR.RELATION COEFFICIENTS AqD EXPONENTIAI DECAY" FUNCTIONS
YPENBURG DEWPOIINT (DEG C)

MAY

HR I 11R 2 RR 3 TIR 6 HR 9 10 12 111 18 HR 24
OVERALL 0.9737 0.9449 0.9 166 0.8443 0.7020 0.7201 0.6789 0.6589
YEAR 1 0.9420 0.88131 0.8318 0.7147 0.6224 0.5472 0.3962 0.2933

656 655 654 651 648 645 639 633
YEAR 2 0.9682 0.9308 0.8908 0.7962 0.7319 0.6720 0.6126 0.5723

625 623 621 615 609 603 591 579YEAR 3 0.9822 0.9643 0.9466 0.8998 0.8565 0.8415 0.7807 0.7858

735 734 733 730 727 724 719 714
YEAR 4 0.9664 0.9254 O.8828 0.7718 0.6671 e. 5368 0. 5656 0.5276

738 736 734 730 727 724 718 712
F ISHZ 0.9681 0.9327 0.8976 0.01104 0.7367 0.6735 0.6103 0.5789
LINEAR REG 0.9398 0.9168 0.6945 0.8306 0.7713 0.7162 0.6176 0.5326

"`OT NUN OBS 18i6 COR 2754

JUNK

HR I HER 2 HR 3 H1 6 Hit 9 Hit 12 HR 18 RR 24
OVEVLRAL L, 9378 0.8863 0.8228 0.6876 0.5024 0.5040 0.3038 0.2764
YEAR 1 0.9488 0.8933 0.8460 0.7321 0.6455 0.6068 0.5506 0.4812

423 420 417 408 399 390 373 355
YEAR 2 0.8947 0.8447 0.7502 0.6105 0.4937 0.37843 0.2607 0.0946

568 557 548 529 5 15 505 489 483
YEAR % 0.4702 0.3058 0.2705 0.0781 0.0929 0.1677 0.0483 0.0270

710 707 706 703 7004 697 693 6837
YEAR 4 0-0000 0.0000 0.0000 0.0000 O.0000 0.0000 0.0000 0.410000 0 0 0 0 0 0 0
FISH2 0.0169 0.7163 0.6327 0.4575 0.3820 0.3563 0.2483 0. 1626L1 1,E Art• a-,FG 0. 71.73 0. 7!"21: e . 6,; ! 0.1293 0. 42'!'E cl I-'3-.'90 0-2171 0 - I qQ(v

TOT NUN OBS 1I1HR COR 1701

JULY

HR I HR 2 11r1.3 Hit 6 HR 9 1lil 12 1111 18 11 24
OVERALl. 0.9639 0.9268 0.8922 0. 8055 0.7437 0.6967 0.6300 0.5664
YEAR 1 0.9555 0.9072 0.8669 6 0.7857 0.7398 0.6957 0.6425 0.5826

743 742 741 738 735 732 726 720
YEAR 2 0.9385 0.8745 0.13119 0.6630 0.5680 0.5098 0.3831 0.2893

617 614 ('11 6041 592 583 565 547
YEAR t 0.9633 0.9263 0.8924 0.7969 0.7336 0.6914 0.6349 0.5321

644 632 621 592 573 565 562 577
YEAR 4 0.9701 0.9423 0-9133 0.1301 0.7573 0.7010 0.6317 0. 510312

716 714 712 706 700 694 682 670
FIS|Z 0.95831 0.9168 0.83773 0.7789 0.7105 0.6600 0. 5fP8 1 0.5i51
LINEAII R.EG 0.9298 0.9041 0.83790 0.8081 0.7428 0.6829 0.5771 0.48377

TOT NUl( OIlS 111R CCio 2720 .

AUGUST

fil I HR 2 HIR 3 MR 6 lil H R 12 fill I n llt 24
OVERALl, 0. 9590 0.9222 0.8857 0.7015 0.7050 0.6608 0. 5807 0.5043
YEAR 1 0.9442 0.80010 0.3347 0.7067 0.6052 0.3410 0.4877 0.3938

674 676 674 6611 662 656 64q4 612
YEAR 2 0.9188 0.8530 0.7949 0.6219 0.4981• 0.4513 0.3942 0.3295

525 52 i 517 505 494 483 470 464
YWAI .1 0.9348 0.a916 0.61431 0.6942 0.63,r.6 0.6320 0.4692 0.3299

443 419 398 349 321 107 319 339
YEAR 4 0.9734 0.9442 0.9 134 0.8189 0.73115 0.6768 0.57fP3 0.4990

74-') 742 741 7:38 735 732 726 720
vIsIV/ 0.9504 0.9047 0.11595 0.7:115 0.63616 0. 51162 0.4975 0.4078
LINE/AR MIG 0.926" 0. 6908 0.8570 0.7631 0.6793 0.6051 0.4797 0.3804

T()T NUMl 015 1111 C011 2390

G-30



SERIAL CORRELATiON COEFFICIENlTS AND EXPONFNTIAL DECAY FUNCTIONS
YPENBUPG DEWPOINT 'DEG C)

SEPT•EMIIBER

HR I U1 2 HR 3 1H 6 HR 9 HR 12 HR Is HR 24
OVERALL e.9746 0.9453 0.9151 0.8368 0.7701 0.7094 0.6015 0.5130
YEAR 1 0.9584 0.8986 0.0429 0.7437 0.6617 0.5795 0.4353 0.1578

103 102 101 98 95 92 86 80
YEAR 2 0.9596 0.9123 0.8641 0.7422 0.6494 0.5736 0.3940 0.2714

675 673 671 665 659 653 641 632
YEAR 3 0.9838 0.9673 0.9489 0.897! 0.8473 0.7966 0.7003 0.5863

643 639 633 623 612 603 585 568
YEAR 4 0.9550 0.9011 0.8459 0.6957 0.5635 0,4480 0.3239 0.2930

700 697 694 688 683 678 672 666
F!SH7. 0.9682 0.9316 0.8932 0.7911 0.7018 0.6207 0.4812 0.3771
LINEAR PREG 0.9701 0.9312 0.8938 0.7905 0.6992 0.6184 0.4837 0,3784

TOT NU11 OBS 11111 COR 2121

OCTOBER

R11 I H 2 H1 3 11 6 1IR 9 HR 12 Hit18 I a 124
OVERALL 0.9785 0.9503 0.9201 0.8327 0.7576 0.6985 0.6407 0.6040
YEAJl 1 0.9612 0.9118 0.0570 0.6960 0.5837 0.5187 0.4771 0.5150

580 578 576 570 564 558 546 536
YEPAR 2 0.966! 0.9153 0.8589 0.7095 0.5684 0.4579 0.3556 0.2763

708 707 706 703 700 697 691 685
YEAR 3 0.9917 0.9815 0.9710 0.9371 0.9033 0.8717 0.8399 0.8265

698 695 693 684 675 666 648 638
YEAR 4 0.9661 0.9254 0.8826 0.7572 0.6613 0.5873 0.5097 0.3933

611 597 586 555 529 513 522 535
FISIEZ 0.9760 0.9447 0.9107 0.B105 0.7229 0 6539 0.5883 0.5478
LINEAR REG 0.9536 0.9273 0.9017 0.8289 0.762! 0.7006 0.5921 0.5005

TOT NUN OBS 1I1R COOR 2597

NOVEMBER

H-i I HR 2 RR 3 11R 6 RR1 9 H11 12 HR 10 HR1 24
OVERIALL 0.9806 0.9558 0.9302 0.8604 0.8067 0.7650 0.7032 0.6541
YEAR 1 0.9733 0.9453 0.9160 0.8505 0.8098 0.7829 0.7!97 0.674b

I-19 718 717 714 71, 708 702 696
YEAR 2 0.9803 0.9530 0.9221 0.8332 0.7667 0.7130 0.6110 0.5400

717 716 715 712 709 706 700 694
YEAR 3 0.9606 0.9174 0.8733 0.7245 0.5816 0.4725 0.3846 0.3556

717 716 715 712 709 706 700 694
YEAR 4 0.9874 0.9696 0.9316 0.9021 0.8628 0.0300 0.7954 0.7512

696 694 692 686 680 674 662 652
"ISIIZ 0.9777 0.9493 0.9199 0.8372 0.7716 0.7205 0.6487 41.5970
LINA1.1 REG 0.9584 0.9367 0.9156 0.0350 0.7984 0.7ý455 0.,500 0.5666

TOT NU1, OBS 11tl COIl 2849

DECEMBER

HR I IuR12 1ilt 3 1IR 6 11H 9 HR 12 IIR 1 1111 24
uVLK.kitLL o.97,P2 0.9641b 0. 9z•_o 0.11i31 I . 7595 0.U033 0.(.212 0.5Y41
YEAR 1 0.9741 0.9401 0.9074 0.8142 0.7356 0.6660 0.5692 0.5250

57C 574 572 566- 560 554 542 530
YEAR 2 0. 41102 0.9523 0.9209 0. 1309 0.7642 0.7113 0.6101 0.5I616,

693 692 69 i 6811 685 6112 676 670
YLAI 1 0.9807 0.9566 0.9301 0.11547 0.74648 0.7235 0.6634 0.6637

743 742 741 7301 735 732 726 720
YEAR 4 0.9726 0.936') 0.8974 0.7894 0.7172 0.6597 0.5227 0.4570

740 730 737 734 731 728 722 7i6
F isl. .0773 0.9474 0.9152 0.9243 0.7524 0.6924 0,5953 0.5524
1.I NEAR IIEG 0.9611 0. 9356 0.9107 0.11399 0.7746 0.7144 0.6077 0.5169

TOT NUll OBS 11111 COIl 2752"
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SERIAL CORRELATION COEFFICIENTS AND EXPONENTIAL DECAY FUNCTIONS
YPENBURG RELATIVE HUhIDITY (1005 - RH'

JANUARY

HR 1 HR 2 HR 3 HR 6 Hft 9 HR 12 HR 18 HR 24
OVERALL 0.9222 0.8382 0.7535 0.5564 0.4336 0.3653 0.2872 0.2202
YEAR 1 0.9280 0.8358 0.7411 0.5133 0.3473 0.2358 0. 1521 0.1025

703 700 696 687 681 675 666' 661
YEAR 2 0.9226 0.8401 0.7557 0.53134 0.3910 0.3193 0.2812 0.2018

731 730 729 726 723 721 715 709
YEAR 3 0.9153 0.8139 e.7117 0.5322 0.4642 0.4202 0.2642 0.1621

743 742 741 738 735 732 726 720
YEAR 4 0.8976 9.8059 0.7164 0.4931 0.3544 0.2802 0.1965 0.1344

716 715 714 71! 708 705 699 693
FISHZ 0.9166 0.8244 0.7316 0.5197 0.3914 0.3198 0.2257 0.1514
LINEAR RE(' 0.8885 0.8122 0.7425 0.5673 0.4335 0.3312 0.1933 0.1129

TOT NUM OBS 111H COR 2893

FEBRUARY

HR I 11 2 fill 3 HR 6 HR 9 1RR 12 HR 18 HR 24
OVERALL 0.9475 0.8771 0.8053 0.6081 0.4436 0.3225 0.1841 0.1878
YEAR 1 0.9484 0.8776 0.8063 0.6365 0.5041 0.4165 0.2933 0.1680

633 629 627 619 613 608 597 587
YEAR 2 0.9625 0.9058 0.8424 0.6724 0.5253 0.3831 0.1433 0.1193

628 626 624 618 612 606 594 582
YEAR 3 0.9404 0.8604 0.7865 0.5741 0.3679 0.2041 6.0077 0.0319

693 692 691 688 685 682 676 670
Yie AR 4 0.9015 0.7859 0.6676 0.3294 0.0673 0.0699 0.0426 0.0599

630 629 628 625 622 619 613 607
FISHZ 0.9410 0.8632 0.7831 0.5651 0.3768 0.2709 0.1194 0.0926
LINEAR REG 0.9597 0.8583 0.7675 0.5490 0.3926 0.2808 0.1437 0.0735

TO'r NNM OHS IHH. CUR 25H4 -. ,' -.u

MARC • •"

HR 1 1I11 2 HR 3 HR 6 RR 9 HR 12 1t11 18 IR 24
OVERALL 0.9219 0.8184 0.7230 0.4763 0.268f. 0.1329 0.1067 0.1724
YEAR 1 0.9304 0.8340 0.7416 0.5621 0.4085 0.2728 4.1576 9.1710

681 679 678 672 666 660 648 636
YEAR 2 0.8953 0.75812 0.6388 0.2887 0.0019 0.1266 0.0156 0,0843

661 657 652 645 640 636 626 614
YEAR 3 0.9179 0.8007 0.7165 0.4632 0.2351 0.0602 0.0398 0.0052

735 H733 73 H 72 R 725 722 7 17 710
YEAR 4 0.9213 0.8207 0.7150 0.4217 0.1913 0.01862 0.1998 0,3216

737 716 735 732 729 726 720 714
FIYA 3Z 0.9174 0.8074 0,7059 0.4406 0.2166 0. 135ý- 0.0974 0.1497
LINEAR 4FG 0.8884 0.7915 0.7052 0.4977 0.3526 0.2494 0.1247 6.0624

TOT N~UM OiIS lIRR COR 2815

APRIL '"

7R I 7 R 2 FIR 13 2 6 HR 9 ITR 12 7R to HR 24
OVERALL 0.9130 0.7054 0.7013 0.4407 0.2529 0. 16!5 0.1719 0.2180 1,YEAR 1 0. 9191b 0.8147 0.7021 0.,463V 0 .2;?56 e. 156ýc 0. 1420 0.2435 --.

565 563 561 555 549 543 531 519 -- ,

YEAR 2-' 0.9054 0.79i3 0.6783 0.4001 0.2283 0.1438 0.0991 0.10027 17 716 715 712 709 706 700 694 ,.

YEAR 3 0.9140 2.8045 0.70236 0.476 0.286B 0.1973 0.1538 0. 1004717 716 715 712 709 70b 700 694 :
YWAR 4 0. 9008 0.7f]36 0. 6756 0. 3977 0. 1322 0.0023 0. 1571! 0. 2987

717 716 715 V12 709 ?of, 700 694
F18117Z 0.9097 0.7979 0.68092 0.4159 0.2105 0.1t236 0. 1389 0. 1634 ...
LIN•EAH BEG 0.8590 0.7770 0.7028 0.5201 0.3049 0.2640 0.11,60 0.04154. _.]
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SERIAL COIL9ELATION COEFFICIENTS AND EXPONENTIAL DECAY FUlNCTIOINS
YPEINBURG RELATIVE HUMIDITY (I00% - RH)

LAY

EOR I HR 2 HP. 3 HR 6 HR 9 HR 12 HR 18 HR 24
OVERALL 0.9120 0.8132 0.7210 6.5079 0.3756 0.3356 0.3392 0.4048
YEAR 1 0.9199 0.8165 0.7320 0.5267 0.3644 0.3471 0.4098 0.4978

656 655 654 651 648 645 639 633
YEAR 2 0.9044 0.7860 0.6678 0.4168 0.2829 0.1956 0.0823 0.0816

625 623 621 6 15 609 603 591 579
YEAR 3 0.8648 0.7303 0.6053 0.3305 0.1980 0.1640 0.1799 0.1682

735 734 733 730 727 724 719 714
YEAR 4 0.9196 0.8231 0.7209 0.4446 0.2161 0.1378 0.2766 0.4628

738 736 734 730 727 724 718 712
FiSHZ 0.9039 0.7911 0.6838 0.4300 0.2630 0.2095 0.2432 0.3187
LINEAR RPG 0.8100 0.7614 0.7157 0.5945 0.4939 0.4102 0.2831 0. 1953

TOT NUM OBS 1111 COR 2754

JUNE

HR 1 HR 2 1R 3 Hit 6 HR 9 W, 12 HR 18 HR 24
OVERALL 0.8901 0.7595 0.6425 0.3659 0.2120 0.1370 0.1632 0.2775
YEAR 1 0.6988 0.7578 0.6097 0.2605 0.0866 0.0173 0.1064 0.2587

713 711 710 707 704 701 6915 689
YEAR 2 0.8053 0.7727 0.6672 0.4476 0.3040 0.1846 0.2812 0.3485

423 420 417 408 399 390 373 355
YEAR 3 0.8611 0. (973 0.5766 0.2699 0.0922 0.0267 0.0358 0.0507

568 557 548 529 515 505 489 483
YEAR 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

0 0 0 0 0 0 0 0.
FISHZ 0.8839 0.7431 0.6143 0.3123 0.1435 0.0622 0.1428 0..2165
LINEAR REG 0.7955 0.7320 0.6735 0.5247 0.4088 0.3184 0.1933 0.1173

"TUTI" NUMl OBS illit C•ll 1704

JULY

1111 I 1R 2 11 3 1R 6 HR 9 HR 12 1111 18 HR 24
OVERALL 0.8880 0.7607 0.6438 0.3865 0.2104 0. 1468 0.2484 0.3358
YEAR 1 0.8727 0.72111 0.5974 0.3019 0.1600 0.1705 0.2544 0.3995

743 742 741 738 735 732 726 720
YEAR 2 0.13805 0.72#13 0.5924 0.3219 0.1112 0.0290 0.1032 0. 1357

617 614 611 601 592 583 565 547
YEAR 3 0.8717 0.7476 0.6260 0.3444 0.1343 0.0270 0.1710 0.2121

644 632 621 592 573 565 562 577
YEAR 4 0.8414 0.7554 0.6321 0.3638 0.1584 0.0685 0.1882 0.3527

716 714 712 706 700 694 682 670
FISIIZ 0.81794 0.7401 0.6124 0.3328 0.1429 0.0798 0.1850 0.2900
LINE LAR REG 0.7742 0.7272 0.6831 0.5661 0.4692 0.38a9 0.2671 0.1835

TOT N•W-1 OBS 11111 COP. 2720

AUGUHT

lilt I 1R 2 H, 3 1111 6 H119 l1t 12 ilt 1 a 1 24
OVEUR] 0.13635 0. 7.9 . 6361 0.3016 0.1575 0.0861 0. !900 0.2032
YEAR 1 0.0.1997 0.7495 0.6353 0. 35 i13 0.0911 0.0013 0.0951 0.1672

f,79 676 674 6611 662 656 644 632
Y;AIR 2 0.6024 0.6522' 0.3421 0.2266 0.04'56 0.1303 0.0280 0.1609

525 52 ! 517 505 494 483 470 464
YEAR 1 0.8187 0.67113 0.5632 0.3243 0.0700 0.0176 0.0630 0.2044

443 419 398 349 321 307 319 339
YEAR 4 0. 073 1 0.7514 0.64 10 0."3392 0.1138 0.0332 0. 1879 0.2143

743 742 741 738 735 7'.2 726 720
1ISI1Z 0. H553 ( 0.7166 0.6061 0.3163 0.08o56 0.0430 0.1075 0.2004
LINEAR REG 0.7761 0.71137 0.6562 0.5102 0.3966 0.3084 0. 1864 0.1127

TOT NUN OHS I1III COR 2390
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SERIAL CORRELATION COEFFICIENTS AND EYPONEN'TIAL DECAY FUNCTIONS
YPENBURG RELATIVE HUM¶IDITY (100l - WH)

SEPTEMBER

HR I HR 1. HR 3 HR 6 HF 9 HR 12 H1 18 Hff 24
OWERALL 0.8791 0.7496 0.6408 0.3855 0 2021 0.1172 0.1633 0.2629
YEAR 1 0.8336 0.6670 0.5171 0.1147 0.2012 0.3539 0.0144 0.0998

103 102 101 98 95 92 86 80
YEFAR 2 0.8773 0.7300 0.6052 0.3164 0.1143 0.e!79 0.0477 0.1799

675 673 671 665 659 653 641 632
YEAR 3 0.8850 0.7769 0.6754 0.3985 0.1843 0.0959 0,2006 0.2652

643 639 633 623 612 603 585 568
YEAR 4 0.8662 0.7225 0.6!54 0.4050 0.2164 0.1897 0.1693 0.2868

700 697 694 688 603 678 672 666
FISlZ 0.8744 0.7401 0.6271 0.3627 0.1907 0.1146 0.1333 0.2389
LINEAR [EG 0.7a56 0.7263 0.6714 0.5305 0.4192 0.3312 0.2068 0.1291

TOT NUlI OBS IIRR CGR 2121

OCTOBER

HR 1 "m2 IfR 3 fR 6 HR 9 H1R 12 HR 18 Ki 24
OVEIIALL 0.8976 0.7796 0.668?7 0.4238 0.3069 0.2685 0.2077 0.2338
YEAR 1 0.8801 0.7311 0.5913 0.2311 0.1513 0.1616 0.1924 0.3285

580 578 576 570 564 558 546 536
YEAR 2 0.9311 0.83O0 0.7257 0.4496 0.2656 0.1792 0.0907 0.1004

708 707 706 70"3 700 697 691 685
YEAR 3 0.9066 0.8166 0.7344 0.5736 0.454,6 0.3683 0.2184 0. 1928

698 695 693 684 675 666 648 638
YEAR 4 0.8285 0.6440 P.4774 0.1418 0.0774 0.1116 0.1257 0.1575

611 597 586 555 529 513 522 535
F I SI7 0.8448 0.7704 0.6522 0.3888 0.2570 0.2152 0. 1562 0.1903
LINEAR REG 0.8280 0.7523 0.6835 0.5127 0.3845 0.2884 0.1622 0.0913

TOT~v N!T 02S bf 101 CO'fI =11

NOVE?{BER

IIR I fIP 2 f11 3 HR 6 fiR 9 HR 12 lP. I1p HR 24
OVEqALL 0.9249 0. 8437 0.7623 0.5683 0.4523 0. 3853 0.3452 0.3371
YEAR 1 0.9081 0.8112 0.7134 0.5085 0.3940 0.3218 0.2324 0.1562

719 718 717 714 711 708 702 696
YEAR 21 0.9251 0.8453 0.7723 0.6099 0.5281 0.4593 0.3382 0.3374

717 716 715 712 709 706 700 f94
YEAR 3 0.9092 0.79119 0.6807 0.3822 0.1836 0.1021 0.1768 0.2247

717 716 715 712 709 70. 700 694
YEAR 4 0.9168 0.8344 0.7486 0.5116 0.3531 0.2728 0.2879 0.2932

696 694 692 686 680 674 662 652
FISII7 0.9150 0.8232 0.7305 0.5074 0.3713 0.2944 0.2594 0.2535
LINEAR BEG 0..0184 0.7979 0.7417 0.5956 0.4783 0.3841 0.2477 0.1598

TOT I•Um OBS 11111 COR 284.9

DECEMIEER

1H I HR 21 R 3 Hit b 11 9 HR1 12 lit I a ft1 24
OVERAII 0.92,2I 0. 8439 0.7670 0.51194 0. 456 1 0.360t 0.2859 0.2653
YEAR 1 0.9(131 0.19646 0.711.77 0.C,75 0.5076 0.4697 0. 493- 0.4739

576 574 572 566 560 554 542 5,30
YEAR 2 0.9277 0.8500 0.7770 0.6173 0.5328 0.4614 0.3370 0.31420

69"1 692 691 ý,313 6615 682 676 670
YEAR 3 0. 9253 0. 834't e.7587 0.6143 0.4794 0.3750 0 . 260B 0.2285

743 742 741 738 735 732 726 720
YEA• 4 0.81990 0.8002 0.7042 0.43135 0.2618 0.1167 0.(316 1 0.02411

740 738 737 734 7.1l 726 722 716
F I sIIZ 0.9214 0. H371 0.7364 0.5708 9.4458 0.3527 0.2696 0.25114
LINEAR RIEG 0.8785 0.80199 0.7653 0.6222 0.5058 0.4112 0.2718 0.1797

TtOT NLII OB.S lilt COIK 2752

G-34



APPENDIX 11

YPENBURG CROSS CORRELATIONS
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YPENBURG EXPONENTIAL DECAY FUNCTIO5S
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APPENDIX J

YPLNBURG STEPWISE COEFFICIENTS OF DETERMINATION
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YPENBIIRG STEPWIJSE COEFFICIENIrS OF DETERMINATION FOR DEPENDENT VARIABLE
EQUIVALENT IR AEROSOL EXTINCTION 3.4-5.0 I IGRONS AT THE . 15 SI GNIFICANCE LEVEL

JAIIUPRY FKEBRUARY

R SQUARED VARIABLE(S) ENTERZD R SQUARED VARIABLE(S) ENTERED

.2940 RH .0719 T

.3091 RE, DP .0042 IOP!. T

.31-i7 T. RU. IP .0a59 ION. T, DP

.3160 2M , T, R.H, I P .0891 ION, T, RIf, DP

MARCH APRIL

R SQUARED VARIABLE(S) ENTERED) R SQUARED VARIABLE(S) ENTERED

.226-1 RH .1798 RI!

.2300 RH. DP .2047 2M, RH

.2536 211. R11. DP .2083 2M. RH. DP
. 2170 211, 1, RIH, DP

R SQUARED VARIABLE(s) ENTERED R SQUARED VARIABLE(S) ENTERED

MN0604 RY .0401 N PI
.0753 "r, RH .0632 IO. DP
.0811 lOlH, T. Ri. riP

JULY AUGUST

, SQUARER VARIABLE(S) ENTEIýrED R SQUARED VARIABLE(S) ENTERED

.1484 RH .1271 Rit
.1605 T, RHa . 1343 211, 11HS.1090 T. RH, DF .1381 211, IM, DP
.1720 ION1 . T. 1II1, DP .1770 2M. T, 1i., DP

SEPTEMBER OCTOBER

R SQUARED VARIABLE(S) ENTERED R SOUARED VARIABLE(S) ENTERED

.25783 Rl . 102a RH

.2611 T, R-i .1075 T1, RIu

.267a T. Rif, DP . i52 T' 1f1, l)P
.1204 IOM1, T. 1i, OIP

NOVEMBER DECEMBER

R SQ.UidRED VAI.IABLE(S) ETI,'iJLD R SQUAIiED VARIABL(E(S) LrT.EIILI

.2412• Rul .091f1 PI d

."504) 101l, 0I! . 1 03"i ful LP

.260 14() IO , fUl, lIP . 1122 1., 1l1, Dr

.2891 Ion, T, PlH.l DP . 1144 2NI, 1, JHl, D11'

5-2

....



YPENBTJRC SIEPWI SE COEFF IC I ENTS OF' DETERI I ?JATI OH FOR DEPErNDENT' VAIR I ABLI;

EQUIVALENT IR AEROSOL EXTINCTION 8 - 12 IICRONS AT THE . 15 SIGNIFICANCE LEVEL

JA.NUARY F EBRUADY

"I SQUARED VARIABLEtS) ENTERED R SQUARED VARIABLE(S) ENTERED

.1399 1RH .0311 DUP

.2042 RII. DP .0475 2Ml. DP

.2107 T. RIn. DP

.21 1i8 2M, T, RI., DP

MAIRCHI APR IL

"R SQUARED VARIABLE(S) ENTERE' R SQUARED VARIABLE(S) ENTERED

.1294 RIu .04--68 Ri

.1555 1011, uIl .0787 Rdl, I)P

. I83-4 IOm. fill, DP .0':20 T, RHi, DP
.1989 IOM, T, RI, DI' .0938 211, T, dl., DP

MAY JUlE

"R SQUAllED VA.RIABLE(S) ENTERED R SQUARtED VARIABLE(S) ELrNERFED

* 0W39 11Il .C342 T-
.0906 R11, DP .0465 2 T1 "_
.1131 -. Jul. DI' .0637 2ti, T, DI-

JULY AUGUST

"R SQUARED VARIABLE(S) ENTERED R SQUAMED VARIABLE(S) ENTERED

.1203 RlH . 1501 1T-

.1627 IH, DP .!693 T', Jb

.1701 T, Ri, DP .2259 T, IUI, DP

.1731 1OM, -, RIf, DP .2289 2.1, T. RH. D11

SETEMBEB OCTOBER

It SQUAIWD VARIABLE(S) ENTEIEED R SQUARED VARIABLE(S) ENTERED

.1544 T .1272 T

.2238 Il, R1 .2029 T, Jul

.2352 'T. Jul, DI' .2211 T. ItI. Il'
.2309 211. T'. l111, D11

NOVEMBE13 DECEMBEVI
B SQUARED VARIABLE(S) ENTERED R SQUARED VARIABLE(S) ENTERED

.1004 WI .0870 T '

.11840 Rjl. Di .1104 T. RH

.12179 ION. Rif. D)1 .1349 10i . T, T RI-

.2267 211, 1, ul. DI' . 1377 IO , T, 1111, DI'

j-.3

• - --
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YPEN'!JIWG STEPWISE COEFFICIENTS OF DETEIA.MINATION FOR DEPENDENT VARIABLE
VISUAL EXTINCTION AT THE .15 SIGNIFICANCE LEVEL

JANUARY FEBRUARY

"R SQUARED VARIABLE(S) ENTERED R SQUARED VARIABLE(S) ENTERED

.4710 RH .3842 RH

.55-)2 21, RH .478110M, RH .4781 IO, RH

.5ý180 2M1. T. RH .4917 ION, RH, DP

.5446 IO, 2M, T, Rif .4934 IO, T, Uli, DP

MARC H APRIL

"R SQUARED VARIABLE(S) ENTERED R SQUARED VARIABLE(S) ENTERED

.2185 RIH .2269 RH

.3056 2M, 1111 .2903 2M, RH
.3069 IO. 2m, RH .3131 2K.T, RH

• .3 •105 EIO , 271, T, RHP

MAY J lINE

Ft SQUARED VARIABLE(S) ENTERED R SQUARED VARIABLE(S) ENTERED

.2637 RBI .2777 opi

.3534 Pi, DP .4062 ION, DP
.iOii, R, !, P -i

.4268 10, Mf.. RH, DP

JULY AUGUST ""

R SQUARED VARIABLE(S) ENTEREP R SQUARED VARIP.BLE(S) ENTERED

.3216 DP .1882 RH

.4463 FJul DP .284a 211 RH

.4700 I0M1, Rl., P .3500 2M. T, RH

.495;3 IOrN, Tr, lDP .3971 10, 21, T, RH

SEPTEMII3ER OCTOBER

Rt SQUARED VARIABLE(S) ENTERED R SQUARED VARIABLE(S) ENTERED

R2695 dl .3803 RIf
.3600 '1, RH .4789 101H, Rif
.4363 IO, T. R|I .4922 ION, T, R)I
.4553 101-1, 2K, T, RiH .4989 101. 21'1, T, flI

NOVEMBER DECEMBER

It SuUA'YI) VAMAiiBLE(S) ENTERED R SQUARlED VAR/IABLE(S) ENTERED

.5005 Rif .3850 IfLl

.5901 ION, R1l .4441 T, Ril

.5923 ION, IUI, MH .4046 IO, T, RlI

.5946 ION, T, lull, DP

J-4

IJ



ABBREVIATIONS, ACRONYMS, AND SYMBOLS

aa aerosol absorption

AFGL Air Force Geophysics Laboratory

AFGWC Air Force Global Weather Central

as aerosol scattering

AWS Air Weather Service

bA monochromatic volume attenuation/extinction coefficient

CDF Cumulative Distribution Function

D path length over which extinction occurs.

DNY The Environmental Simulation Section of USAFETAC.

e vapor pressure

es saturation vapor pressure

E C.3 Expectation operator

END Equivalent Normal Deviate, the standard normal variable.

EO Electro-Optical.

EO/Met Electro-Optical and Meteorological.

EOMETS1 The environmental simulation model of a single EO/Met variable at some
initial time and at N lag times.

EOMETS2 The environmental 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.

GMT Greenwich Mean Time

IR Infrared

Ix intensity of the incident monochromatic radiation

km kilometer

km- per kilometer

L latent heat of vaporization

log common logarithm, base 10

ln natural logarithm, base e

ma molecular absorption

Met Meteorological

ms molecular scattering

mm hr- 1  millimeters per hour

msec- 1  meters per second

MST Mean Solar Time

MULTRI Multivariate Triangular Matrix Simulation model

rmi nautical mile

nK-1Fe



OPA Optical Physics Division of AFGL

OPAQUE Optical Atmospheric Quantities in Europe

P total atmospheric pressure

PDF Probability Density Function

R radius of scattering or absorption particle

R, spectral response of a sensor

nil relative humidity

Rmv specific gas constant for water vapor

T temperature

TD dewpoint temperature

USAFETAC United States Air Force Environmental Technical Applications Center

VISI Single-variable, single station environmental simulation model

V2S1 Two-variable, single station environmental simulation model

WAt radiance of atransmitting source

Xo path length for a given radiance

TA Monochromatic transmittance

A wavelength

8 weighted average extinction

Taer transmittance for aerosols

TH20 transmittance for water vapor

Tmol transmittance for molecular components

Tinmeas measured Barnes transmittance

K-2

PA7787fl
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MEMORANDUM FOR DTIC-OQ

ATTENTION: LARRY DOWNING
8725 JOHN J. KINGMAN ROAD
FORT BELVOIR, VA 22060-6218

FROM: Air Force Weather Technical Library
151 PattonAve, 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. 196 1.

3. ADB099413 - Electro optical/meteorological simulation model, Aug. 1985.

4. ADB130894- Directory of climatic databases available from OL-A, USAFETAC, Jan. 1996.
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All the above documents need to be changed to "Approved for Public Release, Distribution Unlimited" please.

SUSAN A. TARBELL
Librarian, Classified Custodian,
DTIC Point of Contact
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