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MAP TYPES AS AID IN USING MOS PoPs IN WESTERN U.S.

ABSTRACT

The purpose of this study was 1o investigate the correlation between individual
map types and the performance characteristics of Model Output Statistics (MOS)
probability forecasts. The data sample used was June - August 1975 (summer
season) and December - February 1976 (winter season). Brier Scores and improve-
ment ratios were computed for map type and MOS probability forecasts for various
western United States stations for four |2-hour periods, With two exceptions,
it was found that map types do not distinguish when more (or less) weight

should be given to MOS PoP forecasts. A by-product result of this study

showed that map types did provide excellent guidance material for forecasters

to use in preparation of extended forecasts and/or outlooks.

. [NTRODUCT!ON

The map-fype program, as developed by MacDonald and Rasch [1], has been in
operation since early 1975. The three map fypes correlating highesT with the
P.E. 50—-kPa analysis and associated 12-, 24-, 36~, 48- and 72-hour prognoses,
are determined by NOAA computers and transmitted over feletype Circuit C
(Figure 1). During the past year, the Scientific Services Division (SSD) of
Western Region Headquarters has been |) correlating these map types with veri-
fication of MOS probabilities; and 2) verifying and comparing map-type proba-
bilities for summer and winter seasons for various western United States
stations with corresponding MOS probabitities, While MOS and map-type PoPs
were compared, this was done mostily for intellectual curiosity, as map-type
PoPs were not intended as competition to MOS., For example, MacDonald and
Rasch showed that for an independent sample of nearly 14,000 cases, the type

probabilities improved over climatology by only 4,6%, while MOS |mprovemenT
over climatology was around 20%.

In addition to the main purpose of this study, namely, to establish MOS per-
formance characteristics within individual map types, it was hoped that one
spinoff result would show map-Ttype PoPs 10 be useful as guidance material in
preparation of extended forecasts and/or outlooks, Such expectations appeared
reasonable in light of the MacDonald and Rasch study. Their project involved
a sufficiently large-scale grid (182 points), which allowed large-scale charac-
teristics of the flow pattern to govern map-type selection. This, coupled
with The generally accepted idea that longer range computer prognoses (48-96
hours) handle forecasts of the large-scale flow pattern rather well, was the
basis for expecting map-type PoPs to be a good extension of PoP guidance
beyond that covered by MOS.




4. METHODOLOGY

The data sample used for this study involved only 0000 GMT forecasts for the
summer season (June |, 1975 - August 31, 1975), and both 0000 GMT and 200 GMT
forecasts for the winfer season (December I, 1975 - February 29, 1976). Strat-
ification of the data was based on individual map-types and deviation of map~
Type probability from climatology for each station. Climatology for the
|2-hour periods were obtained from WRTM #2 [2]. For each station, climatolog-
ical probabilities of both |2-hour periods in each of the three months of

The season involved were averaged. . The results were then averaged together

to get one climatological probability per seesen. The climatological proba- .
bilities were determined in this manner (i.e., averaged over the complete
season) in order to paraliel The map-type probabilities, which were also
determined for the combined Three-monfh period of the respective season.

Map Type | constituted most of the cases in the summer sample, leaving onlyv
small sampies of other individual types, Although a statistical test of
significance was not performed on these smaller samples, it was felt from a
subjective standpoint that all types other than type | should be combined
as one data sampie. Data for [8 Western Region stations were used. These
Two sets of map-type data were then compared with the performance of MOS
PoPs. Results were determined for four periods corresponding to the first
four periods of the MOS forecasts (12, 24, 36 and 48 hours).

The summer study was initiated as a test of the feasibility of the project
by the former assistant chief of SSD, Woodrow Dickey, and completed after
his retirement. TesT results confirmed the feasibility of the study. Con-
sequently, study of the winter season was enlarged by increasing the number
of Western.Region stations from 18 to 42, Also, the averaging ptocess for
map Type | was performed C1]. This process involves averaging map Type |
probabilities with the probabilities of the next highest correlated map-type,
and considering these averages as the most useful map-type probabilities.

I'tl. RESULTS

A. Summer

Any conclusions from study of the summer data must be tentative, as the
available data sample was small, Aside from an abnormal amount of missing
data, only 0000 GMT forecasts for I8 verification stations were used. The
total data sample involved less than 800 cases per period, and therefore
precluded any worthwhile stratification of data by individual map-types.
This prevented our being able fo relate MOS-PoP weighting to Individual
types. However, some usefuyl information did come cut of studying the summer
data.

First, the summer data (Figure 2) was stratified by the deviation of type
PoPs from climatological probabilities. When the fype PoP exceeded the
climatoclogical probability so that the difference (Type PoP - climafclogical
PoP) was less than minus |0 percent (i.e., -Il, =12, etc.), the data was
accumulated by periods and summarized in the row labeled 'LT -0 PCT'.
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For differences within minus to plus |0 percent, the row labeled "WI - TO +10
PCT' was used. Finally, if the difference was positive and greater than plus

|0 percent (i.e., plus |l and greater), the data was tabulated for use in the
row labeled 'GT +10 PCT', Results yielded by combining all the data by periods
are given in the 'TOTAL' row. For each appropriate period of the above cate-
gories, the Brier Scores for the type PoPs ('TYPE') and MOS PoPs ('MOS'), the
improvement of the fTypes over MOS ('IM/MOS'), and the number of cases ('N') were
computed.

Figure 2 shows the summer results, When the type PoPs were compared with the
MOS PoPs, the 'TYPES' verified surprisingly well., From the 'TOTAL' row, we
see that the combined improvement of the 'TYPES' over MOS by periods oscil-
lates generally within plus or minus 5 percent, with MOS doing best in the
first period. When fThe various deviations from climatological categories
were examined, it was found that the bulk of the summer cases were when fype
probabilities were within plus or minus |0 percent of climatological proba-
bilities. Since the combined MOS Brier Scores differed very little from the
type Brier Scores, and also since most of the types used involved near-c!ima-
tological probabilifies, it would appear that MOS handles the overall summer
ciimatological regime quite well, The very small number of cases involved in
The climatological deviation categories of 'LT -0 PCT' and 'GT +10 PCT',
makes any conclusion from these results tentative.

Due to the small data sample within each type, Type | was considered alone,

and the remaining types were combined. Type | is basically a 'near-climatology'
type. Yet, Type | improvements over MOS show a steady increase with time, and
are positive for the last three periods (i.e,, 12-48 hours). This is signif-
icant, as iT shows That when Type | is indicated, The quality of MOS PoPs
decreases more sharply with ftime than does map-fype PoPs, Certainly, this
result indicates that forecasters should include consideration of map-type
probabilities when preparing PoPs or ouflooks for beyond 24 hours.

B. Winter

The winter season data sample was considered farge enough to permit more solid
conclusions, and also to show the performance of MOS PoPs by individual map-
types. The resul+ts are shown in Figure 3. The labeliling conventions and
stratification used are the same as for the summer season.

The 'TOTAL' results of the combined data improvements of the map-types PoPs
over MOS PoPs by periods never reached positive values, although the trend was
towards less negative values with time. This, perhaps, is an indication that
the MOS skill decreases with Time more rapidly than type PoPs for the winter
season, and that considerable weight can be placed on map-type PoPs when pre-
paring extended period forecasts.

Despite large differences in the number of cases, the improvement over MOS

for the last three periods in the 'LT -10 PCT' and 'GT +10 PCT' deviation from
climatological categories are similar and very poor. MOS apparently handles
these categories quite well, The improvements of the types over MOS for the
same periods are better for the "Wl -10 to +10 PCT' category and also show a
steady Trend towards lesser negative values with time. Again, the indication
here is that the type PoPs for this latter near-climatological category provide
fairly reliable guidance for the forecaster for the extended periods.
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The trend mentioned above for the 'Wi -10 to +I10 PCT' category, as would be
expected, is also present when Type | is considered separately. Type I,

with by far the largest number of cases, is also a near-climatological pattern.
As with the Type | summer pattern, MOS data show a steady loss of skill

with time. However, the improvements of the type PoPs over MOS for the

winter never reach positive values within the four periods; yet, the trend

is definite enough to continue to support the hypothesis that type PoPs

can be used successfully as extended guidance for winter map Type I.

Individual examination of winter map types showed that Types 2 and 6 (both
very dry) were associated with the lowest (i,e., best) MOS Brier Scores

for just about every period. This suggests that MOS PoPs should be given
considerable weight when 50-kPa Types 2 and 6 are forecast. However, the
dry regimes associated with these two map-types contribute significantly

to low Brier Scores (Glahn and Jorgensen [3]). An opposite effect exists
with map Types 7 and 10. These are rather wet patterns, and as a result,
the MOS Brier Scores, where applicable, were the largest (i.e., poorest) of
This sample In every period, despite the small number of cases. As a

: rr)u'f of the above d|scu5510n, it would be inaccurate to use The magnitude
of the MOS Brier Score as a measure of how well MOS does within a particular
type. A much better indicator would be the improvement of the lnd|v1duai
map-type PoPs over MOS PoPs.

A closer analysis of the individual map-types showed Types 4 and 7 as

being associated with the besT performance of MOS. Map Type 4 is a moder-
ately wet pattern for the western United States. Yet, the MOS Brier Scores
in all four periods were almost as low as those yielded by the dry patterns!
These low MOS Brier Scores, as well as the considerable improvements of MOS
over the type PoPs are considered significant. This indicates that fore-
casters should weight MOS very heavily when Type 4 is indicated, and if
deviations from MOS are made, they should be small.

The resulis from Type 7 (wet regime) unfortunately are tainted by a relatively
small data sample. Nevertheless, the Improvement column for the last three
periods on Figure 3 is considered sufficiently significant to mention. It
appears that MOS PoPs in the last three periods are equal or worse than the
type PoPs. Since the type PoPs are conditional climatologies, a possible
conclusion of this unexpected result is that under the regime of Type 7,

MOS doesn't give any significant refinement of the type probabilities beyond
the first period.

The remaining types (i.e., |, 2, 3, 6, 10) do not reveal any conclusive
performance characteristics of MOS, nor do they display any unique trends
that would indicate relating MOS péerformance to these types as being useful
guidance for short or extended forecasting.

‘The results obtained when map-Type | is averaged with the second highest
correlated map~-type are given in Figure 4. As would be expected, this
modification subtracted cases from the 'WlI - TO +10 PCT' category and re-
distributed them in the other two remaining categories, Significant alter-
ations in the improvements over MOS resulted in nearly every period of

every category. The beneficial changes, however, were in the 'WI - TO +10 PCT'
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and 'GT +10 PCT' categories, Both these categories now show a rather encour-
aging trend fowards less negative and more posifive values with time (Figure 5).
The winter improvements over MOS for all three averaged categories combined

by periods (Figure 6), do not reflect this improvement, as the deterioration

of the 'LT =10 PCT' category results contributed unfavorably. Of interest also
is the fact that the individual winter Type | improvements over MOS deterior-
ated when averaging was performed (Figure 7), Apparently, this averaging
produced a large number of additional cases where the new Type | probability
was less than climatology by more than 10 percent. These resultfs indicate

that in most cases, when Type | is indicated, the averaging process gives
inferior guidance.

Stations where the averaging of map-Type | produces climatological deviations

of less than minus 10 percent will tend to be grouped together. In these
areas, it would be advantageous to modify the probabilities back in The direc-
tion of the pure map-Type |. Figure 8 gives an example, In this case, map-Type |

was indicated for the 48-hour forecast (Figure 8a); map-Type 9 was the second
highest correlator (Figure 8b). The major difference between the two patterns
is The much stronger ridging into the Pacific northwest for map-Type 9. As

a result, the averaging process dramatically reduced the probabilities in this
region from the values Indicated for map-Type |. The averages are plofted in
Figure 9. The shaded area depicts the region where the average type proba-
bility minus the climatological probability was less than -10 percent, with
the unshaded area being within 10 percent of climatology. The shaded area,
therefore, will likely experience a precipitation pattern more characteristic
of Type | in 48 hours, rather than an average of Types | and 9. For the un-
shaded areas, the averaged probabilities should be considered.

[V. CONCLUS IONS

. MOS does exceptionally well in all four periods when winter Type 4
is indicated.

2. MOS does relatively poorly in the second through fourth periods when
winter Type 7 is indicated.

3. MOS handles the fypical summer patterns quite well.

4. Use of 48-hour and 72-hour map-type forecasts as guidance for preparation
of extended forecasts and outiooks is warranted.

5. The map-Type | probability averaging procedure should not be used during
winter when the type PoP for a given station (or area) is lower than
climatology by more than 10%.

V. RECOMMENDAT IONS

. Continue this study until at least two years of each of the four seasons
are tabulated.

2. For purposes of simplifying the data collection procedures, verify for each
upcoming season the same |8 stations that are used in the Western Region
MOS vs. MAN program.

3. Alert Western Region Forecast Offices to the fine MOS performance within
winter map-Type 4.

4. Append the 96-hour map-type forecast +o the 0000 GMT message currently
being transmitfed twice daily on Circuit C.
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TYPE VS MOS SCIENTIFIC SERVICES WINTER 1975 ' DATE D5/14/76 PAGE 19
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