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PREFACE

This Project Report (PR) describes the Air Weather Service (AWS) Model Output
Statistics (MOS) System developed at the Air Force Global Weather Central
(AFGWC), Offutt AFB, Nebraska. Emphasis is placed on the AWS MOS system's
integration into the AFGWC production scheme, its capabilities, limitations,
and the options available.

The AWS MOS system was tested operationally for 18 months. The verification
results from the test showed very limited skill. Because of this HQ AWS
terminated the production of operational AWS MOS forecasts., Further

development of AWS MOS equations has been postponed until sufficient spectral
model data has been archived.

The authors wish to thank those who were most responsible for the production
of this PR:

Lt Col Frank Globokar for his pioneer work with TDL in developing MOS software
and for his management efforts that established an AWS MOS capability at
AFGWC; SMS John Martin for his tireless and masterful programming of the
original AWS MOS system with all its highly automated features; SSgt Kenneth
Nelmes and SrA Gregory Gaddis for their similarly significant contributions in
the evolving MOS software; Maj Bryan Lilius for pulling this Project Report
together in its late editorial phase; Rhonda Fischer and Mary Ann Kosmicki in
the word processing center, without whose support the publication date would
certainly have been another year away; Col Kenneth German (Chief, Technical
Services Division, AFGWC), Major Kenneth Peterson and Capt Jeanette Baker (TDL
Liaison Officers), Mr Jon Whiteside (USAFETAC/OL-A), and Lt Col Peter Havanac
(USAFETAC/DN) who contributed significant comment to the final publication.
Finally, We give special thanks to Dr Harry Glahn (Director, TDL) whose
original brilliance and insight brought the world Model Output Statistics.
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l. INTRODUCTION

Model Output Statistics (MOS) is a statistical procedure that allows one to
use mathematics and dynamic model outputs to forecast or diagunose some unkuown
quantity. The traditional application of MOS has been to forecast the
sensible weather elements; that is, the weather clements a surface=based
observer would report. MOS as a procedure can gencrate forcecast equations
that yield either scalar or probability responses.

MOS support is currently available from two sources. The National Weather
Service (NWS) produces MOS forecasts at the National Meteorological Center
(NMC) in Suitland, Maryland, and develops and maintains the system at their
Techniques Development Laboratory (TDL) in Silver Spring, Maryland. The Air
Weather Service (AWS) developed, produced, and maintained its system at the
AFGWC, Offutt AFB, Nebraska. The NWS MOS system supports civilian and DOD
locations throughout the contiguous United States (CONUS) and Alaska. The AWS
MOS system supported the DOD in providing forecast guidance for locations in
the Western Pacific/SE Asia, Europe, Middle East, and NE Africa. The
procedure for DOD support using NWS MOS was to first acquire the raw MOS
forecasts twice daily for some 362 CONUS and 39 Alaska locations, and secondly
to apply software within the AFGWC computer systems to format the MOS
bulletins and MOS maps that AWS forecasters use.

s cawmAAL vl

AWS has long had weather support customers who required probability
information on expected mission-limiting weather events. Historically, the
solutions to this support werc manual production with tailored
support-specific mathematical solutions., The burden of increasing demands for
this type of support and the attendant high cost led AWS to investigate
alternative means to systemize the probability forecasting business; hence the
interest in TDL's development of the MOS technique. MOS was a clever means to
solve a large number of probability forecast support problems with one
objective, computer-based system. For economic reasons alone, this was a
desirable methodology to seek for AWS applications. In the best spirit of
joint cooperation, the AWS and NWS now share the TDL MOS development subsystem
to support both military and civilian locations in the CONUS and Alaska.
llowever, only an AWS MOS system could best serve DOD support neceds in terms of
its global support mission and the need to tailor many forecasts to unique
miiitary requirements. The AWS MOS capability was spawned from TDL's
inventiveness and experience, but In many respects has surpassed its
forebearer in capability. The AWS MOS system is more flexible to change and
more expandable., It has a more comprehensive climatology support subsystem,
and has an impressive level of automation in the development of the forecast
equations. For example, a complete set of equations--all elements, all time
periods, primary and backup sets, 00 and 12Z cycles, and all regions

g support-—could be solved, if the computer were not interrupted, in only one
job submission! This configuration gives AWS the low-cost, expansive, easily
maintainable, and responsive probability forecast production system it needed.
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2. HISTORY

2.1 Basic Methodologies. Probability forecasting is not a new idea, nor Is
MOS the first practical solution to come along. There are three basic
methodologies that were evolutionary in time and in accuracy that encompass
nearly all techniques: classical statistics, perfect prog, and MOS.

2.1.1 Classical Statistics. Wide use of means, data stratification, and
simple statistical models were the early ways to solve some forecast
assistance problems. Applications include climatology tables, local studies
based on relationships inferred between observed data (e.g., surface
observations and upper air soundings) and observed weather later in the day,
map typing (e.g., how many times does it snow with such-and-such synoptic
pattern to the west of the station), rules of thumb, and simple regression
models or discriminant functions. See Panofsky and Brier (1965) for more
insight and examples.

2.1.2 Perfect Prog. This method (Klein, 1971) establishes diagnostic
relationships among same-time observed upper air parameters and observed
sensible weather elements, Multivariate regression is used to establish the
degree to which parameters are important in this relationship and in the
assessment of relative weights thereof. Once a satisfactory diagnostic
relationship (normally in the form of a statistical equation) is established,
the equations are overlayed onto the dynamic model forecast fields (or
prognoses) and solved as though these fields were future analyses. This
procedure works well under the assumption that the prognoses are perfect.
Although this technique works very well and is an improvement over more
simplistic classical statistical solutions, the fact remains that the progs
are not perfect, and will grow in error as time advances. Therefore, use of
the diagnostic perfect prog equations will reflect the dynamic model's biases
in predicting associated future weather elements.

2,1.3 M0S. Glahn and Lowry (1972) did the obvious (on hindsight)--if the
dynamic model's biases introduce bias to the predicted weather, why not use
the dynamic model's output as the source of predictability? This approach
would permit the statistics of the situation to account for model biases and
to provide for an unbiased solution. Now, the statistical equations that were
solved through this association were only limited in their ability to
accurately forecast future weather by the limited ability of the dynamic model
to do its part. Improve the dynamics and MOS will improve the terminal
forecast. The obvious limit in dynamic model performance would return us to
the perfect prog solution, but even with an absolutely perfect prog, the
statistical equations cannot perfectly diagnose the weather as seen from the
ground. There are many real reasons for this of course, but improvements can
still be made in (1) closing the accuracy gap by identifying new predictors
that account for the non-linearities in the atmosphere, (2) introducing and
using statistical procedures that will improve the equations themselves, and
(3) modifying centralized MOS forecasts by the local forecaster to account for
local effects that are not always easily captured in a grand centralized sensc.
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2.2 Background. In the early 1970's:AWS became {nterested {n this emerging

MOS technology and establiished its first, one-man, liaison office at DlL.

7
s

I’:l '

L e ¢
e
'

e This first office assisted TDL scientists in the develapmeat of the first MOS
(’ 1 systew=—a goal to overcome a growing, I'rapmentiatlon problem as wore MOS

% ; :
T lorecast elements began to cater production. This office also contributed in
oy

the development of new MOS products (5-category ceiling and visibility and
3-category flying weather) for CONUS civilian locations. 1In the mid 1970's
the second TDL liaison office arranged for over 100 NWS MOS bulletins for DOD
locations to be transmitted to AFGWC where they were decoded for internal
support of the AFGWC forecasters. The current 6-category ceiling and
visibility and 4-category cloud cover MOS forecast equations were developed.
In the late 1970's, AWS got more serious about the MOS issue: three AWS
scientists were sent to the liaison office at TDL and AFGWC was tasked to
develop an AWS MOS system for DOD support. This three-man liaison office
changed the amount and form of MOS data transfer to AFGWC sending 10 times the
original information flow at the same communications costs, expanded the TDL
MOS system to include 54 and 60-hour forecasts, added DOD wind, temperature,
and altimeter forecasts, added a new element to the TDL system——obstructions
to vision, and kicked off the Alaskan MOS effort in cooperation with other TDL
scientists so that both civilians and military users could get Alaskan MOS
support. In the early 1980's the AWS MOS system at AFGWC went on line with
overseas support. The fourth TDL liaison office got the job of maintaining

L.

;. l. ' l. :
7,1

2
.
e

ANES and improving the NWS MOS link to AFGWC. The mid 1980's will witness a

P significant change in the AWS MOS system with the introduction of the spectral
,{jﬁ global dynamic model which will replace the hemispheric-limited dry PE models
r**t, currently in use at AFGWC. The spectral model is demonstrated to be more

accurate and will allow AFGWC to likewise produce more accurate AWS MOS
guidance. Not only will AWS attain a more accurate set of MOS products, but
will also have the ability to expand to a truly global scope—-one that is

L {3
. ~
. LA

53¢ strained by today's dynamic models. Beyond the mid 1980's support of DOD
peEs: missions worldwide through the MOS system could enter a high level of
::¢: sophistication. The automated interfaces of tomorrow's command and control
B - and weather support systems beg for this conceptual capability: to be able to
sit down at a computer terminal and request a terminal forecast for any point

D! in the worlde With a global dynamic model, computer access by the users

o (WWMCCS, AWDS, etc.), talent to operate and maintain the AWS MOS system, and
q}: visionary managers and planners, this is not an unthinkable goal or reality.
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3. MOS EQUATIONS

The MOS equations (Klein and Glahn, 1974) are the heart of the MOS
capability. They are, collectively, the model that converts "known" values
into future expectations. They can yield probability or scalar estimations.
They are typically a linear, least—squares regression model of the form:

Y = ag + a3 X3 +a) Xg + «e0 +ag Xy + e

Here, the X~terms are the "known" values, or the independent variables. The
Y-term is the predicted event, or the dependent variable. The a-terms are
coefficients which are the optimum weights assigned tc each independent
variable (also known as predictors) through a statistical procedure called
least-squares regression analysis. The number of terms (k) is determined
either by the dnalyst's choice or by an error convergence check built into the
computer program that performs the regression analysis. The e-term is the
error left when fitting this model to real data. There arc many least-square:
regression procedures to use, but the procedure used by both the NWS and AWS
110S development subsystems is called forward step-wisc selecction. This
procedure picks the predictor (of the many offered) that has the highest
correlation with the dependent variable (also known as the predictand) as the
first predictor. If we stop at this point, we have a single-predictor
equation:

Y' ‘=tdg + aj X3

Here, the a-terms are minimum variance, unbiased estimators, and Y' is the
modeled estimate of the predictand. This should be recognized as an equation
of a straight line, where a, is the y-intercept and aj is the slope of the
line. The use of this equation to reproduce the predictand events can be
measured through the correlation coefficient (R) between the equation-produced
values (Y') and the observed values (Y). The range of the R-value is between
zero and one, where R=0 means no relationship and R=1 means perfect
relationship (i.e., where ¢=0). Of course, in the real world of MOS equations
development, the R-value falls sumewhere in between. The R~value can be used
as a means to select more predictors, one-by-one. The second predictor is the
one which when put into regression with the established single-predictor
equation will yield the largest updated R-value. This would give a 2-term
linear model:

Y'=a0+aIX1+:12X2

The reader should understand that all of the coefficients change as more
oredictors enter regression. Before being satisfied that this 2-term equation
is preferred over the l-term equation, the R-values of each are examined. 1€,
for example, the increase in R exceads .01, then the 2-term equation is
accepted and a third term is sought. Eventually, a term is found that will
not improve the updated R-value by more than .0le At this point the computer
program halts and prints out the equation that does not include the latest,
unacceptable term; hence the final result:

Y' =ﬂn+c\l X‘l ”'12 X')."' ooo+ﬂk Xk

-

- G S o R = 3t

.. e 4 % o s e ) LR
‘..-_‘- ait afimyt ot Nt o ‘..'. - R K S, Ly

-
ST CRe N e LA

:'.'?I. '-‘\f:'-' .‘i’.‘l'

]



[ g
i ats'a"at

WA

This multivariate (many predictors or dimensions) linear regression model can
be made to create probability or scalar estimates by a simple alteration of
the predictand event. An equation to forecast probabhilities, for example, is
created by defining the predictand as a binary (0 or 1). Using a binary
predictand in the regression computations forces the coefficients to weigh the
predictors in such a way as to best fit a 0 or a 1. Depending on the
mathematical regression model used, forecasts (Y') may at time fall outside
the (0,1) range. To generate a MOS equation that will forecast scalar values,
the predictand data is kept in its scalar (or some scaled) form.
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4. AWS MOS SYSTEM

The AWS MOS software is divided into four subsystems. These are the (1) data
archive subsystem, (2) the development subsystem, (3) the operational
subsystem, and (4) the verification subsystem. This chapter describes the
flow and processing of data through the subsystems.

4.1 Data Archive Subsystem. This subsystem begins with the flow of upper air
i and surface observations, satellite reports, and other miscellaneous reports
into the AFGWC data base (figure 1). This data base provides the
initialization for the AFGWC numerical models. The model outputs used by MOS
come from the AWS Primitive Equation (AWSPE) model, the AFGWC 5-Layer cloud
forecast model (5LYR), and the 3-dimensional cloud nephanalysis uiodel
(3DNEPH). In-house data procedures have been established to capture the AWSPE
and 5LYR models. These data are saved on 6250 bpi 9-track computer tapes.

The 3DNEPH output is archived at USAFETAC/OL-A and must be retrieved along
with the surface observations. Figure 2 shows currently archived areas for
the AWSPE and 5LYR models as well as current 3DNEPH windows that are on hand
at HQ AFGWC. All 3DNEPH data are archived at USAFETAC/0L-A, but requests are

3, for only those areas needed to meet current requirements for equation
development.,

4.1,1 AWSPE Data Collection. Forecast fields from the AWSPE model are
archived over the Northern Hemisphere octagon 47 by 51 whole~mesh grid. Grids
for all AFGWC models are described in great detail by Hoke et.al. (1981).

Forecast filelds saved are given in Table 1. The AWSPE model is described by
Tarbell et.al., (1982).

Table 1. Variables Archived from AWSPE. All variables are
archived at 06, 12, 18, 24, 30, 36, 48, 60, and 72 hour projections.

5 Variable Levels (mb) Units

ﬁQ U and V wind 1000, 850, 700, msec ~1 x 10
components 500, 300, 200

Temperature Surface, 1000, 850, deg K
700, 500, 300, 200

D-value 1000, 850, 700, m x 10
500, 300, 200

Vertical Velocity 1000, 850, 500, 300 mbsec ~1 x 104
Absolute Vorticity 500 sec "1 x 106
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Present Data Archive Areas for the AWS MOS System

Figure 2.
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A,
f;i: 4,1.2 Five Layer Data Collection. Forecast fields from the 5LYR model are
{¢§: archived over the grids shown in Figure 2 (US, European, and Asian half-mesh
e grids). The three grids contain 37x39, 35x41, and 35x41 grids points,
l respectively. The fields that are saved are given in Table 2. Further

N details on the 5LYR model are given by Mitchell (1982),

"‘C\'

:}ﬁ Table 2, Variables Archived from AFGWC 5LYR Cloud Forecast Model

L :

':ig Variable Level (mb) Units Projection

peperd Condensation Pressure Gradient mbx10 6,12

R Spread (CPS) 850,700

N

{:} Total Cloud Cover - Percent 6, 12, 18, 24,
3+ 30, 36, 42, 48
AT Layered Cloud Gradient, 850, 700, Percent 6, 12, 18, 24,
XN 500, 300 30, 36, 42, 48
.'.\
N Temperature Gradient, 850, 700, deg Kx10 6, 12, 18, 24,
oy 500, 300 30, 36, 42, 48
t.: Dew Point Gradient, 850, 700, deg Kx10 6, 12, 18, 24,
o 500, 300 30, 36, 42, 48
P QPF - Inchesx100 12, 24, 48

- 3 hr X-Displacement 850, 700, 500, 300  Grid Units x 10 6, 12, 18, 24,
e 2 30, 36, 42, 48
g\:i\

0 3 hr Y-Displacement 850, 700, 500, 300  Grid Units x 10 6, 12, 18, 24,
Nl : 2 30, 36, 42, 48

| .

ot 3hr Vertical 850, 700, 500, 300 mb x 10 6, 12, 18, 24,
- Displacement 30, 36, 42, 48
;5{: 4,1.2 3DNEPH Data Collection. Cloud analysis fields generated by the 3DNEPH
;l,ﬁ model are produced at AFGWC and shipped to USAFETAC/OL-A for archive. For use
7132 in MOS development, the fields are retrieved for specific areas. Those areas

= fcr which AFGWC/TSMS currently retains data are shown in Figure 2. The 3DNEPH

s model is described in detail by Fye (1978). Table 3 lists variables archived
fon s from the 3DNEPH,
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Table 3., Variables Archived from the 3DNEPH Cloud Analysis Model.
Data is saved for every 3-hourly cycle (00-21).

Variable Unit Layers
Cloud Type 1-15 Low, Mid, High

. Present Weather 0-9 (WMO COBE 4677) -
e

e Maximum Tops 0-99 (WMO Code 1677) -

) Minimum bases 0-99 (WMO Code 1677) =

o

.\?n Total Cloud Cover Percent =

-ﬁ:b: Layered Cloud Cover Percent 1-15

o “-‘.

8 4.1.4 Surface Observations Data Save. When a requirement exists to produce
@(“ MOS forecasts in an area, AFGWC/TSMS requests surface observations for the
;if: area from USAFETAC/OL-A. OL-A screens surface observation records from the
785 area 1ldentifying those stations which have the best data. This station list
Lo is then furnished to TSMS to be used in data interpolation and to USAFETAC/DN
. 24p for use in developing modeled climatology. Surface observation data for the
R required season are then processed into the MOS format at OL-A. Table 4 lists
}}}J those surface weather elements that are archived for MOS.

Wi

Ayl Table 4. Archived Surface Weather Elements
( Element Unit

-.‘_-:"

o Sea level pressure mb x 10
! lu:'::'
Pl i-s Obstruction to Visibility Coded
s 0 = None of the following

; 1 = Smoke (K)

e 2 = Haze (H) and smoke and haze (HK)
S 3 = Blowing obstruction (BD, BN, BS, BY)
NS 4 = Fog (F)

e 5 = Ice Fog (IF)

s 6 = Ground Fog (GF)
oo Ceiling ££/100 (Unlimited = 888)
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Visibility

Present Weather

Dew Point

Wind Direction

Wind Speed

U - Component (Wind)

A i o Sl it i SRR REaR i A

A Table 4.
S' Total Sky Cover

Archived Surface Weather Elements (Continued)

Code
0:

ONOWMELND -
W w w unn

d

clear

partial obscuration
thin scattered

thin broken

thin overcast

scattered
broken
overcast
obscured
meters
Coded
0 = None of the following
1=1-, L—
k=50
Q=2
4 = R-,R--
5S=R
6 = R+
7 = RW~-, RW—-
8 = RW
9 = RW+
10 = zL-, Z2I--
11 = ZL
12 = ZL+
13 = ZR-,ZR~--
14 = ZR
15 = ZR+
16 = any combination of frozen
precipitation
17 = 1p-, IP-—-, IPW-, IPW--
18 = 1P, IPW
19 = 1P+, IPW+
20 = S-, $—, SP~-, SpP——,
21 =3, SP, G
22 = S+, SP+, SG+
23 = SW-, SW~-
24 = SW
25 = SW+
Degrees Kelvin
Degrees of the compass (reported to
nearest ten degrees)
Knots
Knots

11




— e I Pl A AR o T T TN TN TS TS TS SR T TR R YR T NS e e
TR TR AT A ALY A TR T T T TR A S o s e s e il A e i b a gt AT O e ) g el R b o ot S il
3

ﬁu;u Table 4. Archived Surface Weather Elements (Continued)

.,-\.‘.::: V - Component (Wind) Knots
SRR
: =y Temperature Degrees Kelvin
‘::? 6 -~ Hour Precipitation Amount Millimeters
S5
',jﬁ','..:l Maximum and Minimum Degrees Kelvin
et Temperature
) B Severe Weather Coded
»:;::.:Z 0 = None of the following
i 1 = Squall (Q)
e 2 = Thunderstorm (T)
N\ 3 = Severe Thunderstorm (TS)
4 = Hail (A)
§ 5 = Tornado
Y-
N Snow Depth Coded
?S‘ 0 = None
Frier 1 = Trace
N 2 = 1 inches
s 3 = 2 inches
'~"$‘-: 4 = 3 inches
XN 5= 4 inches
e 6 = 5 inches
}E}}' 7 = 6~10 inches
DA 8 = 11-20 inches
{ 9 = over 20 inches
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4,1,5 Climatology. Modeled climatology for the MOS system is prepared by
USAFETAC/DNO. As of this date climatology for ceiling, visibility and surface
wind (u,v components and speed) have been made available to AFGWC for all
areas for which equations have been developed. The system provides
climatology at synoptic hours for every month of the year. Since the
climatology is modeled, the probability distributions can be derived for any
categorical breakpoints desired. For ceiling and visibility these categories
correspond to the forecast categories. An attempt is made to obtain
climatology for each station on the development station list identified by
USAFETAC/OL~A. Since this is not always possible the data is “"spread"
(interpolated) to those stations without adequate climatology by an objective
analysis technique developed by Barnes (1964). When data density is
insufficient for this, the only option left is manual entry of best~guess
climatology values. Only MOS prediction equations for ceiling and visibility
were developed using modeled climatology. To obtain better accuracy and
speed, climatology for ceiling, visibility, surface wind and surface
temperature was later regenerated in a “binned" (discrete) format; none of
this was ever used in equation development due to the HQ AWS decision to

terminate the MOS effort until the Global Spectral Model (GSM) data base is
available.

4,2 Development Subsystem. The MOS development subsystem is designed to use
the archived grid-point data from the AWSPE, 5LYR, and 3DNEPH models, surface
observations, climatology, and constants to select those elements that can
best predict surface weather. This subsystem solves the multiple, forward
screening regression necessary to build the MOS prediction equation. Table 5
gives the surface weather elements for which equations are routinely

developed, Figure 1 describes the basic flow of data through the development
subsystem.
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Table 5. MOS Surface Weather Elements

Code Element Type Categories

WND 991 Wind Scalar Speed,U-component,
V-component

SLP 834 Sea Level Pressure - Scalar
TMP 294 Temperature Scalar

COoV 804 Sky Cover Probability Clear, Scattered,
Broken, Overcast

FOG 854 Obstructions to Probability None, Haze and
Visibility Smoke, Blowing
Phenomena, Fog

TRW 364 Thunderstorms Probability Yes/No
POP 604 Precipitation Probability Yes/No

LFZ 404 Precipitation Type Probability Liquid, Freezing,
Frozen

Al LPT 304 Liquid Precipitation Probability Drizzle, Rain,
. Type Showers

C1G 104 Ceiling Probability 0 C1 200 (ft AGL)
200 ¢2 500
500 €3 1000
1000 ¢4 3000
3000 ¢5 10000
10000 C6

VIS 154 Visibility Probability Europe/SWANEA:
0Vl 700 (meters)
700 v2 1800
1800 v3 3700
3700 v4 6000
6000 V5 8000
8000 V6

Asia/Pacific:
0 V1 800 (meters)
800 V2 1600
1600 V3 3200
3200 V4 4800
4800 V5 8000
8000 V6
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4.,2,1 Data Flow. To begin development of forecast equations the gridded
AWSPE and 5LYR data must be interpolated to the individual stations on the
station list obtained from USAFETAC/OL-A. The G300 program performs a
bi-quadratic interpolation where possible, bi-linear in the outside grid
interval, and linear extrapolation outside the grid. The progpram can process
more than one gridded field at a time and can calculate predictor fields that
were not available directly from the model as well as combine predictors
derived from more than one model. Backward trajectory fields are computed
from the AWSPE archived data by the G360 program. The output from G300 and
G360 are merged onto a single tape or disk file called XTAPE which contains
most of the model output predictors used in equation development. The G300
program is used to interpolate the 3DNEPH gridded data to station locations.
These data are merged with the surface observations onto a single tape or disk
file called YTAPE. The climatology data are written onto a third file., The
primary statistical program used to produce regression equations is G600.
This software performs a forward stepwise linear regression to develop an
equation for each surface weather event or category offered. Although the
capability exists for equations of up to 20 terms, only ten terms are used in
the present AWS MOS set of equations. Predictors are taken from the XTAPE,
YTAPE, climatology file, and constants file. G600 has the capability of
producing single~station or pooled-stations (regional) equations. When a
particular set of equations are complete they are packed, tested, and loaded
into a file for operational use.

4.2.2 Regional Equation Development. Due to the short period of archived
data available, it is difficult to capture a sufficient sample of some events
which we need to predict. To overcome this deficiency, the AWS MOS system
employs the regional equation councept. The data are grouped according to
climatological factors and a set of equations is developed that,
theoretically, applies equally throughout the region. This allows forecast
equations to be developed in relatively data sparse regions and gives the
advantage of being able to develop equations with a relatively small (2 to 3
years) data set. The regional concept makes it possible, also, to produce a
forecast for any point in the region whether or not an observation had ever
been taken at that point., The windows for which the AWS MOS system currently
develops equations are shown in Figures 3 through 6. Each window is divided
into a number of regions. The development station list for each region is
listed in appendix B. The criteria for defining each window are given in
Table 6. Even with the regional concept of equation development a complete
equation set includes approximately 39,600 forecast equations requiring over
600 hours of development time on a UNIVAC 1100-series computer, The regional
development concept becomes an obvious necessity.
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Table 6. MOS Windows and Regions

Window Description Number of Regions
EUR Europe 18
ASN Asia (Korea 11
and Japan)
SCs South China Sea 5

(Tawian and Phillippines)

OILPS Near East area which falls within 7
the usable portion of the
European 5LYR archive window

OILPT Near East area outside the 6
5LYER window but within
| the AWSPE octagon

AFRNO African area for which the 3DVNEPH 1
is the only available model

p AFRPT African area outside the 5LYR 2
el window but within the AWSPE octagon

4.3 Operational Subsystem. Once the equation set is developed the equations
can be integrated into the operational subsystem. Figure 7 shows the flow of
data through the operational subsystem. The file CONSTANTS contains constants
that were used in the equation development as predictors. The file FCSTEQN
contains the equations after they have been packed along with the list of
operational stations. The CLIMATOLOGY file contains station climatology for
the operational stations., The operational program produces a file of
forecasts for 0000 or 1200 GMT. Explanations of program execution times and
products are given in in Section 5. Figure 8 gives a detailed diagram of all
executable modules in the G900 runstream and all mass storage files accessed.
An arrow from a file to a particular module indicates that data is being read
from the file. An arrow from the module to the file indicates data is being
written to the file. The following modules make up the operational runstream.
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-fﬂf G980 - determines the cycle of the run (either 0000 GMT or 1200 GMT)
Ao and passes this information to the run condition word.
G910 - builds files MOSEQNSOO and MOSEQNS12 which contain all
e equations and options required for a particular run.
i::: G970 - checks the status of AFGWC data base for the required model
o fields, RHGWCF (5LYR), RTGWCF (AWSPE), RNGRDA(3DNEPH), and
fxi- RTSFC(surface observations). G970 aborts the run if a required
=] model is missing.
ﬁ;i G960 - builds the file TRAJECTORIES. G960 can compute a trajectory
Is- - forecast for any point within the AFGWC Northern Hemisphere
T whole-mesh grid.
AN
J
. G920 - calculates and writes all the predictor fields required for the
e run to the file PREDICTORS.
b
::f G900 - computes forecasts for stations specified on the operational
e station list. G900 writes the forecasts to MOSMATOO and
e MOSMAT12.
e, The execution of G900 terminates the operational runstream, The files
2o MOSMATOO and MOSMAT12 constitute the MOS data base for the 0000 GMT and 1200
}:E GMT cycles. At this point any display program can access the files. The
O following programs make up the MOSXMT runstream which transmits the forecasts
- over the Automated Weather Network (AWN).
‘o DISPAF - reads the MOS forecasts from either MOSMATOO or MOSMAT12 file,
) formats them as bulletins, and writes them to the file FILE.
L MOSSND - transmits the MOS bulletins via the AWN.
SR
e The following programs function off-line as part of the operational subsystem:
g
e G905 - packs equations produced by the development subsystem into the file
i FCSTEQN associating the operational stations with the appropriate
?ﬁi equations.
< G940 - builds directories for files MOSMATOO, MOSMAT12, and CONSTANTS.
b G945 - builds the directory for the file CLIMATOLOGY.
e
N G950 - builds the file CONSTANTS.
k5 ) . .
AR
o G955 - builds the file CLIMATOLOGY.
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