U.S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION
NATIONAL WEATHER SERVICE
SYSTEMS DEVELOPMENT QOFFICE
TECHNIQUES DEVELOPMENT LABORATORY

TDL Office Note 80-9

VERIFICATION OF MOS, PE, AND LFM QUANTITATIVE
PRECIPITATION FORECASTS FOR THE 1979-80 COOL SEASON

Edward A. Zurndorfer

December 1980



VERIFICATION OF MOS, PE, AND LFM QUANTITATIVE
PRECIPITATION FORECASTS FOR THE 1979-80 COOL SEASON

Edward A. Zurndorfer

1. INTRODUCTION

An objective system based on Model Output Statistics (MOS) (Glahn and Lowry,
1972) to forecast the probability of precipitation amount (PoPA) and
categorical amounts has been operational since February 1975. Forecasts of
the probability of > .25, >50, >1.00, and > 2.00 inches together with a
categorical amount are made twice daily for various projections from the 0000
and 1200 GMT runs of the Limited-area Fine Mesh (LFM) model (Gerrity, 1977).
Development of the PoPA system is described in detail by Bermowitz and
Zurndorfer (1979) and National Weather Service (1980).

As described by Zurndorfer (1980a), a verification program comparing MOS,
LFM, and Primitive Equation (PE) (Shuman and Hovermale, 1968) quantitative
precipitation forecasts (QPF) has existed since 1976. Zurndorfer (1980a)
compared the verification statistics for the 3 models for the period 1975-T9
for both the warm (April-September) and cool (October-March) seasons.
Generally speaking, the PoPA categorical forecasts were superior to the LFM
and PE QPF for the period 1975-79.

In this paper, verification of the MOS, PE, and LFM QPF is presented for the
1979-80 cool season. The scores for the 1978-T9 cool season are also shown
for comparative purposes.

2. VERIFICATION PROCEDURE

Threat scores! and biases? were computed for the three models at
approximately 230 cities scattered throughout the conterminous U.S. for the
categories > .25, > .50, > 1.00, and > 2.00 inches for the projections 12-24,

24-36, and 36-48 h after 0000 GMT.

The LFM and PE QPF were obtained from TDL's collection of grid point fields
of these models by interpolating to stations with use of a special algorithm
which preserves the integrity of the rain/no rain line (Glahn et al., 1975).
PoPA categorical forecasts were retrieved from the operational computer runs.
Verifying observations for the 230 cities were obtained from the National
Climatic Center in Asheville, North Carolina.

TThreat score = H/(F+0-H), where H is the number of correct forecasts of a
category and F and 0 are the number of forecasts and observations of that
category, respectively.

2Bias is the number of forecasts of a category divided by the number of
observations of that category. A categorical bias equal to 1 means unbiased
forecasts of that category.



3. VERIFICATION RESULTS

Before presenting the results, we mention some of the changes which occurred
to the PoPA, PE, and LFM models between the 1978-79 and 1979-80 cool seasons.
For the PoPA system, two significant changes were made for the 1979-80
season. First, the derivation of PoPA equations for the projections 24-36 and
36-48 h from 0000 GMT was made with LFM model output as predictors.
Previously, due to an inadequate developmental sample of LFM fields beyond
hour 24 from model run time, we simply substituted LFM fields for PE fields in
PE-based PoPA equations for these projections. We also used the PE threshold
probabilities to convert the probability forecasts to categorical forecasts
for these projections. Second, an objective technique described by Bermowitz
and Best (1979) was used to determine threshold probabilities that maximize
the threat score. This objective technique replaced the subjective, iterative
method used for the 1978-79 cool season development which is described by
Bermowitz and Zurndorfer (1979). Zurndorfer (1980b) compared the two methods
and found that the objective one is superior for determining threshold
probabilities for PoPA.

One of the more important changes which was made to the LFM-II model between
the 1978-79 and 1979-80 cool seasons was implemented with the 1200 GMT run on
June 7, 1979. This change consisted of alterations to the convective
parameterization scheme which is used in making the model QPF. Details are
described in National Weather Service (1979). In short, the old scheme of
convective parameterization in the LFM-II resulted in the over-prediction of
precipitation during relatively dry circumstances. NMC showed that after this
change the LFM-II threat scores increased somewhat and the biases approached
unity over the U.S. on five precipitation cases. Thus, it was expected that
over-prediction of heavier precipitation amounts would be reduced with this
new convective parameterization scheme in the LFM-II.

Results for the projections 12-24 h (first period) 24-36 h (second period)
and 36-48 h (third period) are shown in Tables 1-3. The results for the
1978-79 cool season are shown in parentheses for comparative purposes.

From Table 1, it is clear that for the first period there are signs of PoPA
deterioration in 1979-80 when compared to the results of 1978-79. It is
interesting to note how the PoPA biases have fallen below 1.00 and the threat
scores have decreased for each of the four categories. On the other hand,
both the LFM and PE have shown some improvement for the 2 .25 and > .50 inch
categories with larger threat scores and biases closer to unity. However, for
the categories > 1.00 and 2 2.00 inches, both models® biases have dropped
considerably below unity and the threat scores have also decreased.

The results for the second period shown in Table 2 are similar to those of
the first period. With the exception of the > .25 inch category, the PoPA
threat scores have decreased while the biases have dropped below unity. For
the LFM, threat scores have increased and the biases are closer to unity for
the 2.25 and > .50 inch categories, while for the > 1.00 and > 2.00 inch
categories, there has been a deterioration in both the bias and threat score.
The PE showed some improvement in 1979-80 for the > .25 inch and 2> 1.00 inch
categories in terms of threat score although the > 1.00 inch bias is
considerably below unity.



Finally, from the third period results shown in Table 3, we see improvement
for PoPA for the >.25 and > .50 inch categories as the threat scores
inereased while the biases approached unity. However, there is evidence of a’
great deal of underforecasting for PoPA for the categories >1.00 and > 2.00
inches. Also, while there does not appear to be any signifisént imprd?ément
of the LFM threat scores for the categories 2 .25 and > .50 inches, the LFM
biases are closer to unity. Also, there appears to be deterioration of the PE
QPF for the >.25, >.50, and > 1.00 inch categories with slight improvement
for the > 2.00 inch category.

4, SUMMARY AND CONCLUSIONS

Verification of PoPA, PE, and LFM QPF for the cool season 1979-80 has been
presented. The results indicate some deterioration in PoPA forecasts when
compared to those of the 1978-79 cool season. On the other hand, there has
been some improvement in the LFM and PE models for forecasting > .25 and > .50
inches. The LFM forecasts of > 1.00 and > 2.00 inches have deteriorated with
much underforecasting of these events.

Since the PoPA forecasts are based on LFM model output and the LFM
precipitation amount is the most important predictor in our PoPA regression
equations (National Weather Service, 1980), we were interested in the effect,
if any, of the LFM model change in the convective parameterization on the PoPA
forecasts. Tables U-6 present the total number of forecasts made by the LFM
for various precipitation amounts. Note that the total number of forecasts
for each interval are given for both the 1978-79 and 1979-80 cool seasons.

From Tables 4-6, it is apparent that the LFM did indeed make fewer forecasts
of the heavier precipitation amounts in the 1979-80 cool season than in the
1978-79 cool season. This was true for all three periods for which we did the
comparative verification. Since the LFM tended to forecast lower
precipitation amounts on the average in 1979-80 than in 1978-79, we are not
surprised that the PoPA forecasts were also lower on the average for each of
the four categories (results not shown). Therefore, PoPA forecasts tended not
to exceed the threshold probabilities as much resulting in fewer forecasts of
all categories and lower biases.

Other guidance products in which the LFM precipitation amount is an
important predictor, such as the probability of precipitation (PoP) and the
probability of heavy snow (POSH), may have also had low biases in the 1979-80
cool season. In future PoPA development, we will use cool season 1979-80 and
subsequent years as part of the developmental sample; we hope this will result
in biases being closer to unity.
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Table 4, Number of quantitative precipitation forecasts made by the
LFM model for various amounts for the projection 12-24 h from 0000
GMT. Statistics are for 233 cities throughout the conterminous
u.s.

Category Number of Forecasts
(inches) 1978-79 1979-80
2 25 2929 2190
2 .50 1317 974
>21.00 ' 275 130
22.00 5 2

Table 5. Same as Table 4 except for the 24-36 h projection.

Category Number of Forecasts
(inches) 1978-T79 1979-80
2 .25 3202 2523
> .50 1521 1156
>1.00 396 224
>2.00 11 3




