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ModelfOutplt StatiStics
Wwiles)

MOS relates observations of the weather. element to be
predicted (PREDICTANDS) to appropriate variables
(PREDICTORS) via a statistical method

Predictors can Iinclude:

> NWP model output interpolated to observing site
»> Prior observations

»> Geoclimatic data — terrain, normals, lat/lon, etc.

Current statistical method: Multiple Linear Regression
(forward selection)



MIOS Properties

» Mathematically simple, yet powerful technigue

* Produces probability forecasts from a single
run of the underlying NWP model

« Can use other mathematical approaches such
as logistic regression or neural networks

 Can develop guidance for. elements not
directly forecast by models; e.g. thunderstorms

i



MOS Guidance Production

1. Model runs on NCEP IBM mainframe

2. Predictors are collected from model fields,
“constants” files, etc.

3. Equations are evaluated
4, Guidance IS post-processed

— Checks are made for meteorological and statistical consistency:
— Categorical forecasts are generated

5. Final products disseminated to the world

i



MQOS Guidance

* GES (MAV) 4 times daily (00,06,12,182)
* GES Ext. (MEX) once daily (00Z)

* Eta/NAM (MET) 2 times daily (00,12Z2)
 NGM (FWC) 2 times daily (00,12Z2)

» \Variety of formats: text bulletins, GRIB and
BUFR messages, graphics ...
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GES/INANMFMOSV:NGNMEMOS

s MORE STATIONS: now at ~1700 forecast sites

* MORE FORECASTS: available at projections
of 6 - 84 hours, GES at 06Z and 18Z cycles

* BETTER RESOLUTION:

» GES predictors on 95.25 km grid; Etaon 32 km
e Predictor fields available at 3-h timesteps

» Predictors available beyond 48-h projection

« *** N0 extrapolative forecasts

- BUT: DEPENDENT SAMPLE NOT “IDEAL”:

» Fewer seasons; non-static underlying NWP.-model



MIOS Development Strategy/

* CAREFULLY define your. predictand

o Stratify data as appropriate

* Pool data If needed (Single Station / Regional)
» Select predictors for equations

* AVOID OVERFEITTING!



RPrecictand Strategies

Predictands always come from meteorological
data and a variety of Sources:

* Point observations (ASOS, AWOS, Co-0p
Sites)

« Satellite data (e.g., SCP data)
 Lightning data (NLDN)
 Radar data (WSR-88D)

It IS very important to quality control
predictands before performing a regression
analysis...

i



Suitable Observations?

DEZ Radar Image from Hational Weather Service: KLWX' 13:46 UTC 07/21/2005

;g ’l/"‘ .,

iz

Radar Image from Hational Weather Service: KLWX 13:46 UTC 07/21/2003

Real ?

Photos Courtesy W. Shaffer



RPrecictand Strategies

(Quasi-)Continuous Predictands: best for
variables with a relatively smooth distribution

— Temperature, dew point, wind (u and v components, wind speed)

— Quasi-continuous because temperature available usually only to
the nearest degree C, wind direction to the nearest 10 degrees,
wind speed to the nearest m/s.

Categorical Predictands: observations are
reported as categories

_ Sky Cover (CLR, FEW, SCT, BKN, OVC)



RPrecictand Strategies

“Transformed” Predictands: predictand values
have been changed from their original values

— Categorize (gquasi-)continuous observations such as ceiling height
— Binary predictands such as PoP (precip amount > 0.01%)

— Non-numeric observations can also be categorized or “binned”,
like obstruction to vision (FOG, HAZE, MIST, Blowing, none)

— Operational requirements (e.g., average sky cover/P-type over a
time period, or getting 24-h precip amounts from 6-h precip obs)

Conditional Predictands: predictand Is
conditional upon another event occurring

— PQPF: Conditional on PoP
— PTYPE: Conditional on precipitation occurring



MOS Predictands

Temperature

— Spot temperature (every 3 h)

— Spot dew point (every 3 h)

— Daytime maximum temperature [0700 — 1900 LST] (every 24 h)
— Nighttime minimum temperature [1900 — 0800 LST] (every 24 h)

Wind
— U- and V- wind components (every 3 h)
— Wind speed (every 3 h)

Sky Cover

— Clear, few, scattered, broken, overcast [binary/MECE] (every 3 h)

i



MOS Predictands

PoP/QPF

— PoP: accumulation of 0.01” of liquid-equivalent precipitation in a
{6/12/24} h period [binary]

— QPF: accumulation of {0.107/0.257/0.507/1.007/2.00”*}
CONDITIONAL on accumulation of 0.01” [binary/conditional]

— 6 h and 12 h guidance every 6 h; 24 h guidance every 12 h
— 2.00” category not available for 6 h guidance

Thunderstorms
— 1+ lightning strike in gridbox [binary]
Severe

— 1+ severe weather report in gridbox [binary]



MOS Predictands

Celling Height

— CH < 200 ft, 200-400 ft, 500-900 ft, 2000-1900 ft, 2000-3000 ft,
3100-6500 ft, 6600-12000 ft, > 12000 ft [binary/MECE]

Visibility
— Visibility < Y2 mile, < 1 mile, < 2 miles, < 3 miles, < 5 miles, < 6
miles [binary]

Obstruction to Vision

— Observed fog (fog w/ vis < 5/8 mi), mist (fog w/ vis > 5/8 mi), haze
(Includes smoke and dust), blowing phenomena, or none [binary]




MOS Predictands

Precipitation Type

— Pure snow (S); freezing rain/drizzle, ice pellets, or anything mixed
with these (Z); pure rain/drizzle or rain mixed with snow (R)

— Conditional on precipitation occurring
Precipitation Characteristics (PoPC)

— Observed drizzle, steady precip, or showery precip
— Conditional on precipitation occurring

Precipitation Occurrence (PoPO)

— Observed precipitation on the hour — does NOT have to
accumulate




Stratification

Goal: To achieve maximum homogeneity in our
developmental datasets, while keeping their
Size large enough for. a stable regression

MOS equations are developed for two seasonal
stratifications:

« COOL SEASON: October 1 — March 31
« WARM SEASON: April'l — September. 30

*EXCEPT Thunderstorms (Oct. 16 — Mar. 15,
Mar. 16 — Jun. 30, July 1 — Oct. 15)



RPooling Data

* Generally, this means REGIONALIZATION:
collecting nearby stations with similar
climatologies

» Particularly important for. forecasting RARE
EVENTS:

» QPF Probablility of 2+ in 12 hours
» Ceiling Height < 200 ft; Visibility < % mile

* Regionalization allows for guidance to be
produced at sites with poor, unreliable, or non-
existent observation systems

> All'MOS equations are regional except temperature
and wind



EXample ol RegIoONS

GEFS MOS
PoP/QPF
Region Map,
Cool Season

* Note that
each element
has Its own
regions,
which usually
differ by
season




MIOS Development Strategy/

MOS equations are multivariate of the form:
C’s are constants, X’s are predictors

N IS the number of predictors in the equation
and Is specified when the equations are
developed.

Setting N too high Is an easy way to OVERFIT
your regression to your. developmental dataset.

i



MIOS Development Strategy/

Forward Selection ensures that the “best” or
most STATISTICALLY IMPORTANT predictors
are chosen first.

* First predictor. selected accounts for greatest
reduction of variance (RV)

* SUubseguent predictors chosen give greatest
RV In conjunction with predictors already
selected

« STOP selection when max # of terms reached,
or when no remaining predictor will reduce
variance by a pre-determined amount

i




MOS Equations

GES 00Z Warm Season, 12-h PoP, F48, Gulf Coast Reqgion

003220508 0 48 254001230

003041508 8500500 42 700002230

004100008 500 36 230

003210508 0 42 127001230

003220508 0 48 254000230

0.2516278E+00

0.5221328E+00

0.3407131E-01

0.1199076E+00

g:jﬁg;;;:ﬁfﬁg A useful format for the equation
evaluator program, but certainly

9.23152095-+00 NOT for human eyes!

0.1204374E+00




Sample LLinear REGrESSIoN
KATL, June 2005
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Sample LLinear REGrESSIoN
KATL, June 2005
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Sample LLinear REGrESSIoN
KATL, June 2005
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MIOS PrediCtor Strategy

* Important to offer predictors which describe
the physical processes associated with event:

— PoP: model precip, vertical velocity, moisture divergence, RH
» Avold irrelevant predictors:
— PoP: 1000-500 mb thickness, tropopause height

* High-resolution geophysical data (terrain),
Site-specific relative frequencies help with local
forcing effects

* Non-linear transformations of predictors are
useful, particularly when the predictand Is non-
linear (e.g., binary predictand)



T'ranstorm
RPoint Binary Predictor

FCST: F24 MEAN RH PREDICTOR CUTOFF = 70%
INTERPOLATE; STATION RH 270% , SET BINARY =1;
BINARY =0, OTHERWISE

71%) KBHM
60 69
64 54 63

RH 270% ; BINARY AT KBHM = 1




Jiranstorm
Grid Binary Predictor

FCST: F24 MEAN RH PREDICTOR CUTOFF = 70%
WHERE RH 2 70% , SET GRIDPOINT VALUE =1, OTHERWISE =0
INTERPOLATE TO STATIONS

(0.21)e oM
0 0
0 0 0

0 <VALUE AT KBHM <1



diranstorm — [Logit FIt

KPIA (Peoria, IL) 0000 UTC; 18-h projection
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Binary Predictancs

If your predictand is BINARY, MOS eqguations
yield estimates of event PROBABILITIES...

MOS Probabilities are:

* Unbiased — the average of the probabilities over a
period of time eqguals the long-term relative
frequency of the event

* Reliable — conditionally (“piece-wise”) unbiased over
the range of probabilities

« Reflective of predictability of the event — range of
probabilities narrows and approaches relative
freqguency of event as predictability decreases, for
example, with increasing projections or with rare
events



ROST=Processing MOS
Guidance

» Meteorological consistencies — SOME checks
e T>Td; min T < T < max T; dir. = 0 if wind speed = 0

« BUT no checks between PTYPE and T, between PoP.
and sky cover

o Statistical consistencies — again, SOME checks

» Conditional probabilities made unconditional

* Truncation (no probabilities <0, > 1)

* Normalization (for MECE elements like sky cover)
* Monotonicity enforced (for. elements like QPF)

« BUT temporal coherence is only partially checked

* Generation of “best categories”



Unconditional’ Probabilities
from Conditional

If event B Is conditioned upon A
OCCcurring:

Prob(B|A)=Prob(B)/Prob(A)
Prob(B) = Prob(A) X Prob(B|A)

Example:

Let A =event of >.01in., and B
= event of > .25 1n., then If:

Prob (A) = .70, and
Prob (BJA) = .35, then
Prob (B) = .70 X .35 = .245




dirtincating Propadilities

0<Prob (A)<1.0

Applied to PoP’s and
thunderstorm probabilities

If'Prob(A) < 0, Prob 4 (A)=0
IfFProb(A) > 1, Prob 4 (A)=1.




Normalizing MECE
Probabilities

Sum of probabilities for
exclusive and exhaustive
categories must equal 1.0

If Prob (A) < 0, then sum of
Prob (B) and Prob (C) = D,
and is > 1.0.

Set: Prob,; (A) =0,
Prob 4 (B) = Prob (B) / D,
Prob 4 (C) = Prob (C) /D




Monotonic Categorical
Probabilities

If event B IS a subset of event A,
then:

Prob (B) should be < Prob (A).

Example: Bis >0.251n; A Is
>0.101n

Then, if Prob (B) > Prob (A)
set Prob,y; (B) = Prob (A).

Now, If'event C IS a subset of
event B, e.g., Cis > 0.50in, and
I Prob (C) > Prob (B),

set Prob,4; (C) = Prob (B)




fiemporal Conerence of
Probabilities

Event A is > 0.01 in. occurring
from 12Z-18Z

Event B is > 0.01 in. occurring
from 18Z-00Z

A UB IS > 0.01 In. occurring
from 12Z-00Z

Then P(AUB) = P(A) + P(B) —
P(AnB)

Thus, P(AUB) should be:
< P(A) + P(B) and
> maximum of P(A), P(B)




iemporal Conerence-
RPartially Enforced

Thus, P(AuB) should be:
< P(A) + P(B) —coherence not checked
> maximum of P(A), P(B) — coherence checked

SAN DIEGO
KMYF GFS MOS GUIDANCE 12/28/2004 1200 UTC
DT /DEC 28/DEC 29 /DEC 30 /DEC 31

HR 18 21 00 03 06 09 12 15 18 21 00 03 06 09 12 15 18 21 00 06 12

P06 79 71 100 68 5 6 14 ) 16 21 28

P12 100 68 19 25 32
Q06 4 3 5 2 0 0 0 0 0 0 1
Q12 5 2 0 0 0
TO6 9/ 0 30/ 2 22/ 4 9/ 0 0O/ 0 O/ 0 O/O0 OO0 1/ 0 0/ O
T12 47/ 3 29/ 4 0/ 0 0/ 0 3/ 0



©S Best Category, Selection

An example with QPF...

80 =
=0 YES 3 4 5 6
E 40 —
: NO™ No
O 20 NO
& m. "«
' m

0.01" 0.10" 0.25" 0.50" 1.00" 2.00"
PRECIPITATION AMOUNT EQUAL TO OR EXCEEDING




Other: Possible Post-
Processing

« Computing the Expected Value
— used for estimating precipitation amount
 Fitting probabilities with a distribution

— Welbull distribution used to estimate median or other percentiles
of precipitation amount

* Reconciling meteorological Inconsistencies

— Not always straightforward or easy to do

— |nconsistencies are minimized somewhat by use of NWP model
In development and application of forecast eguations




MOS Weaknesses / Issues

« MOS can have trouble with some local effects
(e.g., cold air damming along Appalachians,
and some other terrain-induced phenomena)

 MOS can have trouble if conditions are highly
unusual, and thus not sampled adeguately in

the training sample
»>But, MOS can and has predicted record highs & lows

* MOS typically does not pick up on mesoscale-
forced features




MOS Weaknesses / Issues

| 1ke the models, MOS has problems with QPE
In the warm season (particularly convection
along sea breeze fronts along the Gulf and
Atlantic coasts)

* Model changes can impact MOS sKill

* MOS tends toward climate at extended
projections — due to degraded model accuracy.

« CHECK THE MODEL...MOS will correct many
systematic biases, but will not “fix” a bad
forecast. GIGO (garbage in, garbage out).



MOS Weaknesses / Issues

» \We rely on our. customers and end-users to
help us identify vagaries and oddities which
occasionally pop up in the guidance.

o [f you ever. see anything in the MOS guidance

which seems WRONG, and you see nothing in
the model output to help explain it, PLEASE
PLEASE PLEASE let us know!




Future Work

* New 12Z GES Extended MOS (MEX) package
e« Coming September 2005

* New stations in MAV/MET/MEX

« Approximately 80 new sites, majority Iin Texas
 Eta/NAM MOS

* New Visibility & Obstruction to Vision Guidance
(soon)

* NAM'is changing from Eta to WRE — Need to evaluate
Impacts of model change on NAM MOS guidance

 Gridded MOS...



Yy dorwe need Gridcded MIOS?

111

Because forecasters
have to &5
produce products

like this for the

NDFD...

High Temperaturel( F 1} Ending Tue Jul 26 200 2FM EDT
@ CWed Jul 27 Zoos .--..--.z 1 _REATR,
u Mational Dlglta 1 Forecast Database *’f’

Graphic created 07, OS5 9:aS5AM EOT W



Draditional' MOS Guidance

KSFO GFSX MOS GUIDANCE 7/26/2005 0000 UTC

FHR 24| 36 48| 60 72| 84 96|108 120|132 144|156 168|180 192

TUE 26| WED 27| THU 28| FRI 29| SAT 30| SUN 31| MON 01| TUE 02 CLIMO
X/N 75| 56 74| 58 73| 58 74| 58 74| 57 74| 56 75| 57 74 54 72
TMP 69| 57 69| 59 69| 59 70| 59 69| 58 69| 56 69| 57 69

DPT 54| 53 55| 54 53| 54 54| 53 54| 54 54| 52 53| 53 54

CLD PC| CL PC| PC PC| PC PC| PC PC| PC PC| PC PC| PC PC

WND 16| 16 13| 15 13| 14 16| 18 18| 18 18| 19 18| 18 17

P12 1] O 1] 3 2] 3 3] 1 2| 1 2] 3 2] 1 1 o0 2

P24 | 1] 7] 3] 2| 4| 3] y) 2
Q12 0] O 0 O 0] O O] O o0 O 0] O |

Q24 I 0] 0] 0] 0] 0] I

Ti12 7] O 3] 4 1] 3 0] 1 o0 O O] O 0] O O

T24 | 7 | 4 | 3 | 1 | 1 | O N

But the guidance available doesn’t even come close to the
resolution of the NDED.



TrachtionaltMOS Grapmcs

40 50 b0 T0 80 90 100 110 120

Y g0/ %’f‘
., : TEHPERAT U :
This Is Ml N\ " o )

better, but
still lacks
most of
the detall
In the
\Western
U.S.

FORECAST VALID 0600 UTC (050727/0600v030)



ODJECTIVES

* Produce MOS guidance on high-resolution
grid (2.5to 5 km spacing)

» Generate guidance with sufficient detail for
forecast initialization at WFOs

e Generate guidance with a level of accuracy
comparable to that of the station-oriented
guidance




ApPpProach

* High-resolution geoclimatic variables

» Diverse observational networks
* Appropriate MOS equation development
* Analysis on high-resolution grid




WWestern CONUS

Legend
®  fest_Tile
¢  Clipped NDFD Grid
NDFD Grid
states

Gridded MOS Operational Tiles

Total Points of Clipped YWest Tile - 106,899
Total Points of Clipped CONUS Tile - 373,057
Total Points of NDFD Grid - 739,297




MOS Stauons"tﬁ
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® NGM Stations
® GFS Stations
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NGM Stations

GFS Stations
RFC Stations
Mesowest Stations
Coop Stations
Marine Stations




BCDHG Analy/siS

» Method of SUCCESSIVE corrections
 _and/water gridpoints treated differently
 Elevation (“lapse rate”) adjustment




MOS IViax Temperature
FOrecast

GF5-MOS High TempiF) Ending Sun Jul 10 2005 8PM EDT
@ CHon Jul 11 2005 Q02 T___#'-" 'T"-*._,
V Mational Digital Guidance Database a;m

Experimental graphic created 07/06/20058 5:43AM EOT y "



NDREDIVIax iemperature
Forecast

T prf =
bl 3y

High Temperature(F) Ending Sun Jul 10 200!

@ CHMon Jul 11 2005 Q02

V National Digital Forecast Database
Graphic created 07/06/2005 10:186M EOT % .




Future of: Gridded MOS

» Evaluation (objective & subjective)
 EXpansion (area & elements)

* Improvement

» Use of remote-sensing observations
* Dissemination (Fall 2005, June 2006)




Any QUESHIoNS?

Web site: htip://weather.gov/madl/synop/

E-mail: Joseph.Maloney@noaa.goy.

or MDL _MOS.Webmaster@noaa.goyv



http://weather.gov/mdl/synop/
mailto:Joseph.Maloney@noaa.gov

