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1. ABSTRACT

Forecasters throughout the United States (US) are routinely preparing public and special
weather forecasts extending up to 7 days into the future and alluding to even longer time
periods. They are basing these foresta on numerical productgrincipally the 500 mb

forecasts, emanating from a variety of sourcesrecasters may make their decision on which
model or models to use because of recent successes of a model, remembered successes of a
model with a certain eather pattern,a consensus of two or more favored models, or a models
consistently forecasting the same pattern on successive foreCasthe other hand they may
eliminate a model because of a possible error in initialization, a seemingly inconaistieinard

to follow progression of features, a recent poor forecast, or divergent patterns by all the models.
The forecaster may choose to not use any of the models but to revert to generalities, persistence
or climatology . No comprehensive verificati@mystem has been generated to evaluate the
usefulness of the forecasts to forecasters for the extended time pé&mvdsasters have

described some erroneous forecast patterns on various models but these are based on
experience, are subjective and concére first three forecast days (Funk, Ted 2001). There

have been objective verifications of derived parameters such as temperatures, relative humidity
and precipitation, but again mostly for shorter range forecaStherwise, the weather centers
producing the numerical products verify some parameters mainly on a global basis, using
statistics such as bias and standard deviation (NCEP 2001)(Environment Canada 0@t1¢
appears to be a lack of a system objectively verifying the medium range numeriled$ using
parameters used by forecasterslhis paper continues the development of a verification system
to evaluate the 500 mb forecasts for the US area, and which could be adapted to verify other
Numerical Weather Products (NWP) (La Rue 2000)edata in this paper was gathered by
manpower, but the system could be modified for automated computerization providing up to date
statistics regarding the credibility of the modelgerification results for four models comprising

100 forecast days are prasted.
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2. PROCEDURE

Forecasts in the US are prepared during four time peribds.two principal forecast

preparation times are from 2 to 5 am local time (LT) and from 2 to 5 pnTh&.forecasts in

mid morning and in the evening are mainly a reviéhe earlier forecasts and are updated as
necessaryThe late afternoon forecast from 2 to 5 pm LT requires moving the first day of the
extended to the second day of the regular forecast and adding a new day for the last day of the
extended periodTo clarify forecast days as used in this paper, forecast Day 1 is the first day in
the regular forecast, Day 2 is the second day, Day 3 is the first day of the extended portion, Day
4 is the second day of the extended and soltse. afternoon forecaster hasidance products

from a number of numerical models, some based on the preceding 1200 UTC data and some
from 0000 UTC data that is nearly 24 hours old by the time of use by the forecastisrstudy
grades the 500 mb numerical charts that are mody liadoe used by the forecaster.
Consideration of numerical models for inclusion in the study was that they were based on the
most recent data ,1200 UTC, and were available as guidance for the afternoon folduzssts.
models using 1200 UTC data were tdS National Weather Service's (NWS) Aviation Extended
Model (AVN), US Navy's Operational Global Atmospheric Prediction System ( NOGAP or
NOGAPS) and the European Center For Medium Range Weather Forecasts (ECMWF but
referred to as EURO)The EURO may ndbe available until about 0130 UTC which is well past
the afternoon forecast LT dead lin€he inclusion of the US NWS's Medium Range Forecast
(MRF), usingthe 0000 UTC data base, was due to it's wide usage and the availability of
forecasts verifying ahe same time, 1200 UTC, as the other modelsdels not included were:

1.) the United Kingdom Model (UK) while based on 1200 UTC data is only available to 72
hours on the Internet. (The UK Forecast Center and the National Centers for Environmental
Predction (NCEP) denied knowledge of the availability of the longer range charts for the U.S.
area.) And 2.) the Environmental Canada's Global Environmental Midgéile Model which is
based on 0000 UTC data and forecast verification times were not compatibtee times of

the study.

A grid was created over the US which included an area off each coast and was near the Northern
and Southern bordersntersections 0f30, 40 and 50 degrees North Latitudes at 70, 85, 100,

115 and 130 West Longitude providedather course grid of 15 pointdppendix 2shows an

initial analysis from grid point data compared with a numerical initial anal¥sash day, 500

mb heights in decameters (darioyecast by each model for the 4 forecast days, were collected

for the 15 points. The forecasts were obtained from the Internet and preferred charts were those
that had map details including Latitude and Longitude liddg preferred Internet address fo

the MRF was the US National Oceanic and Atmospheric Administration's (NOAA) Air Research
Laboratory (ARL)http://www.arl.noaa.gov/ready/mrfanim.htmith the back up being the US
Navy'shttp://152.80.49.210/PUBLIC/WXMAP/GLOBAL/The preferred addresses for the

AVN were Edwards Air Force Baselgtp://www.edwards.af.mil/weath@vnmodel.htnfor

Day 3 and Day Sorecastshttp://www.emc.ncep.noaa.gov/foreca$tsécasts for the Day 4

land grid points andttp://sgi62.wwb.noaa.gov:8080/STATS/MAPS .hfioll the Day 4 points

over the ocean and all Day 6 grid points. This latter address presents global maps which were
enlarged 250 times to help interpolate ddtalso has archived charts for several monthgwv

were used as a backup to the NCEP addréisshould be noted that this was the only source for
the 6 Day AVN forecast, and it also has a Day 7 AVN forecaise preferred source for the
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NOGAP model wasittp://152.80.49.210/PUBLIC/WXMAP/GLOBAL/It also has links to

forecasts for a few prior days which could be used as back up at times.
http://weather.unisys.com/ecmwéfawf 500p_4panel.htnwas the preferred address for the

EURO model.Once in a while, other addresses were used and an excellent listing of sources for
numerical internet products Iigtp://atmos.urd.edu/~wxchair/models.htmlA goal was set of

100 forecasts for each of the models for each of the 4 diagdorecast was missing for any day

by one model, then forecasts for that day by the other models were deleted and an additional
forecast day wasubstituted.During the compilation of the data, it was discovered that one Day

6 forecast was erroneous and unrecoverable so that forecast day was deleted for all models and
there are only 99 forecasts for DayBhae verifying chart was the AVN Initi@nd the preferred
source was the Edwards AFB address or if unavailable, the US Navy address, both given above.

The 500 mb heights to the nearest dam were interpolated from the charts and entered on a
prepared form.This form allowed rechecking of datacsld an inconsistency appedt.was

then entered in a spreadsheet which performed all of the computalioaslifference in

forecast heights between adjacent East to Wegt)Roints and North to South {N) points
produces the 500 mb height gradiei@s$ between pointsThe EW gradients are a measure of
the N'S wind component and the-8lgradients are a measure of tRé/Bvind. The difference
computations proceeded from East to West and from North to Sohitmeant positive values
between BW points indicated a southerly wind component and negative values indicated a
northerly wind component, while positive values betwees pbints represented westerly winds
and negative values indicated an easterly wind compoiiémt.datais presented in ta

sections, one for the-®/ gradients, and the other for theS\gradients.The sum of the absolute
values of the BV height differences between points and of th8 Neight differences was
computed for each forecast giving the forecast gradients desm®{aths)Gf. The observed 500

mb heights as provided by the initial analysis of the AVN model allowed the same differencing
computations so as to arrive at the observed gradients, Go, and the summation of the absolute
values, (abs)GoThe gradients betvem eaclpair of forecast points and each matching pair of
observed points were compared for value and sidre forecast gradient that was correct, Gc, is
the absolute value in which Gf matched Go in sign and was the smaller of Gf or Go, including
zero ifeither were zerolf Gf and Go were not of the same sign, then Gc was also Garty
definition is either zero or a positive numbér term called the Forecast Correct,d-®as

obtained by dividing the sum of Gc by the sum of (abs)Smce FGis not affected by the

total forecast gradient, it might be increased by over forecasting with no pedhaécond
Forecast Correct ScoreC+, was developed by dividing the sum of Gc by the sum of (abs)Gf.

If multiplied by 100, the Scores produce tlerqentage of Go that was, on average, correctly
forecast in the first case, and the percentage of Gf that would verify as correct in the second
case.Since the forecaster is studying forecasts, the second sceres p@bably the more

useful and is thene that predominates in the following tables and chtgthematical

derivations of the formula are Appendix 1

3. EAST-WEST GRADIENT DATA

Figure 1 is a table summarizing tresults derived from the Ea®lest gradientsThe FG
Scores were sorted into ranges for each model for eachAlayorded description was added to
each range to indicate the probable value of the forecast range to the foréldastenmbers in
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eachrange are also the percent of the cases in that range as there were 100 cases for each
forecast (99 cases for Day 8Vhen FG is as small as .50, only half of the observed gradient
was correctly forecast and it is reasonable to assume the foredasb igadue to the forecaster.
Using this and a perfect 1.00 as pegs to grade Scores, those in the 90s would be nearly perfect,
those in the 80s excellent, etcThe FG Scores for each model for each period are below the
ranges, and the best score ghhighted in yellow.The FC is also given and is located below

the totals of Gf and Go and below the results of dividing the Gf byTaes latter computation

gives the ratio of under or over forecasting and shows that, except for the NOGAPS model and
the AVN model for Day 5, all models consistently under forecast the gradients by a small
amount. As a result, those FCScores were a bit better than thes[SCores. The final row gives

an FG Score for the MRF which was interpolated thmise to obtairprobable scores for the

same forecast times as the other modklshould be noted with no surprise that the interpolated
MRF FG Score and the AVN RCScores are very similar.

EAST-WEST GRADEENT DATA AND FORECAST CORRECT SCORES
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(click image to enlarge)

Figure 2 is a chart of the FScores.The Figure 1 data &s interpolated to add a seventh

forecast day since some extended forecgstshat far in advancerigure 2 is important as it

also provides a timéne for forecastingfrom Day 3 through Day 7The forecasts in this study

all verified at 1200 UTC ofeach of the forecast days. 1200 UTC ranges from 0400 to 0800 LT
in the Continental US which in all cases is in the morning hours. The daytime forecast period
extends, approximately, from the center of each column to the line separating the columns and
thenighttime forecast from those lines to the center of the next column. For example, the AVN
FC: Score of .744 on DAY 3 morning, has decreased to .700 by that evé@yrtge evening of

DAY 6, all models except the EURO havetBcores of .500 or less. TR€: Score of .500 on

the chart is in bold red denoting the score at which the forecasts become valh&essly

does the EURO appear to have value at the morning of DAY 7, further interpolation indicates an

FCo Score of about .518 that evening.
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There is no question but that the EURO Model performed the best in tRé/Esisyracents for
both FC Scores.Unfortunately it is not available in time for the afternoon forecast cyidhe
AVN model is slightly better than the NOGAPS and the older MBy.Day-6, all forecasts
available for the afternoon extended forecast package ater near the .50ne. This strongly
suggests the Dafy forecast prepared during the afternoon cycle lean towards climatology as
should any day or daypast Day6. When the EURO model becomes available in the evening,
Day-6 could be amended benédilty, and even Day 7 might be improved on average.

An examination of individual model scores as they proceeded from day 3 to day 6 showed only a
little correlation from one day to the neXDAY -3 could be quite low but scores might improve
markedly for he rest of the forecast day®r a score could be quite high for DAY3 and quickly
deteriorate by the fourth or fifth day.here was some similarity between models scoring well or
poorly for the same forecast seridsappeared that some forecast sitwat were more difficult

for all of the models, but perhaps only for one or two of the forecast days. It may well be that the
variability in scores was due to the 15 degree interval betweewesssgrid points and a shorter

grid length would not only deease the variability in the scores but allow a better comparison of
the different model's ability to deal with different weather systems. The reader is urged to refer to
Appendix 2which critically examines the grid system.

4. NORTH-SOUTH GRADIENT DATA

The grid used in the study was along 50 North, 40 North and 30 North Latifhda\S
gradient is predominately negative meaning the wind flow is usually from West toTase
were a few closed upper lows South of 50N during the study as well as upper ridges that
extended North of the more positively or negatively tilted upper trouighthe case of the-B/


http://www.nwas.org/ej/larue2/index.html#Appendix2

gradients one would expect them to be about equal or the total spdiihwenvould about equal

the total northerly flow.This allowed logical assumptions to be made about the FC Scores for
the EW gradients.These assumptions can not be made concerning-8&® ScoresThis is

not to say the Scores are invalid, onlytttiee Scores are meaningless except for allowing a
comparison between model$o measure the usefulness of the Scores to forecasters, it was
decided to establish a base score ushgaverage gradient which will be denoted as the
"Climate FC" Score inhte study.The average gradient between 50 and 40 North was 17.3 dam
and between 40 and 30 North was 18.3 ddimese values were inserted into the spreadsheet as
forecasts and Climate FC Scores were obtained for each forecast pesioolld be notechat

Go and Gf are the same so that the Climatedt&Scores are the sam@&. comparison of the

Go and Gf scores in Figure 3, show that all of the models under forecas&tlgeadient on alll

four Days. The NOGAPmodel forecast the 1$ gradient to increase on each successive day
reaching about 97 % of Go on Day 6. The other models generally decreased Gf each day
reaching about 95% of Go by Day Bhe FC Scores of the models that are equal to or are less
that thisClimate FC Score are considered to have no sR§iDay 6 the FGscores of the MRF
and the AVN are less than the Climate FC Score. Since the Forecasters are studying forecasts,
the percentage improvement of the forecast model's\e the Climate FCcores are included

in Figure 3 and are plotted against time in figure 4.

SUMMARY OF NORTH-S0UTH GRADIENT DATA AWD FORECAST CORRECT 2CORES
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FIGURE 3. Gc is the gradient correctly forecast, Go is the obsagvadient and Gf is the total
forecast gradientFGois Gce divided by Gand FGis Gc divided by Gf..CLIMATE is the FC
Score using the averagegradient during this studyoIMPs is the improvement of the FC
scores of the models over the CLIMATE BCore
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FIGURE 4. The percent improveménf the model's FCover the CLIMATE FC is plotted
against

time with day 7 values estimated using the persistence decline from day 5 to day 6.
The 0.0% FC: improvementindicates no improvement over CLIMATE.

It is obvious that the EURO Model's foretsawere the best in every category for th&N
gradients.The average CLIMATE gradient was 35.6 dam from 50 degrees to 30 degrees North
Latitude along each of the Longitude lines used in the study. A 20 percent improvement amounts
to 7.12 dam, 15 percerst5.34 dam, 10 percent is 3.56 dam and 5 percent is only 1.78Tdwm.

5 percent improvement is the probable point at which forecasts are no longer Tikafyboint

is reached on Day 6 by all models but the EURO, which reaches it on Day 7.

5. CONCLUSIONS

The EURO Numerical Model was revised in November of 2000 (ECMWF 2004hows a
significant improvement in the comparative FC Scores it received over those in the previous
paper by La Rue (2000)’he EURO was significantly superior to the otheydels for both BV
and NS gradients and for all time periodshe Extended AVN is a new Model but it is
essentially the MRF based on 1200 UTC ddtanight be expected that the MRF would be
superior to the AVN since it collects and digests data ol@rger time. It was thought, with
reason at the time, more data becomes available world wide, given more time for collection.
This delay in data ctff time was initiated, like maybe in 1960, but with the vast improvement
in communications and data soes, it may be past time to review that polidfhe AVN is a

little better than the MRF for the verifying times used in the stittywever, if the MRF is
interpolated so that times-verification are the same, then the two are about equal, which
presets a strong argument against the longer dataffutme for the MRE The NOGAPS

lagged a bit in the scores and especially when compared to forecast gradients as it tended to over
forecast gradients.

So, the time has come to appraise what this infoonatiight mean to a forecast€irst, the
afternoon cycle forecaster must shift the existing Day 3 forecast into the new regular two day
forecast as Day 2This problem is not addressed in the stu8gcondly, a last day, which might



