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THE DEPTH OF THE MARINE LAYER AT SAN DIEGO AS RELATED TO
SUBSEQUENT COOL SEASON PRECIPITATION EPISODES IN ARIZONA

Ira S. Brenner
Weather Service Forecast Office
Phoenix*, Arizona

ABSTRACT. The relationship between the depth of the
marine layer at San Diego, California, and potential
precipitation episodes in Arizona during the cool
season is studied. It is shown that a marine layer
from the surface to at least the 700-mb level is
generally necessary for consideration of a subse-
quent widespread precipitation episode in Arizona.
The relationship of the height of this marine inver-
sion to-the current vertical motion field is also
discussed.

I. INTRODUCTION

It has long been subjectively recognized by Arizona forecasters that a
correlation exists during the cool season (October-April) between the
depth of the marine layer at San Diego (MYF) and potential precipitation
episodes in Arizona. This is logical since MYF would be directly upstream
from Arizona in the southwesterly flow preceding an advancing upper level
trough.

It is felt that the height of the top of the marine layer is proportion-
ate to the intensity of the vertical-motion field being superimposed on the
area as an upper trough approaches. All too frequently, a vertical-motion
field sufficiently strong to produce precipitation west of the coastal
mountains is insufficient for widespread precipitation in Arizona. The
theory being tested is that the vertical motion field west of the coastal
range must be strong enough to raise the top of the marine layer to at
least the 700-mb level in order to consider a widespread precipitation
episode in Arizona. Numerous articles have been written on the subject
of the quantitative effects of Positive Vorticity Advection (PVA) and
subsequent vertical-motion fields. Two of the more pertinent articles
for Arizona include Bremner (1979) and Rosendal (1976). However, it must
be realized that the magnitude of the PVA/vertical-motion field necessary
to deepen the MYF marine inversion through at least the 700-mb level during
a given time interval will vary since, among other things, it will be a
function of the gvailable initial moisture values. . The objective of this
study was to demonstrate that the depth of the marine layer at MYF can be
used on a real-time basis as a means for indirectly, but nevertheless
reliably, measuring the relative magnitude of the current vertical-motion
field ahead of an approaching upper trough.

During 1977 and 1978, an investigation was conducted to try and determine
a more precise relationship between the observed vertical moisture profile
at MYF and subsequent precipitation (as well as nonprecipitation) episodes
in Arizoma. Plotted data from balloon releases (RAOBS) dating from March
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1971 through December 1975, were graciously loaned by the San Diego Weather
Service Office for use as the developmental data base. The period of study
involved data for the months of October through April only. Therefore, a
total of thirty-three months of RAOBS comprised the developmental sample.
With RAOBS for both 0000 and 1200 GMT available for nearly every day,
approximately two thousand cases completed the.developmental data base.

II. DEVELOPMENTAL DATA BASE STRATIFICATION

Moisture distributions were sampled in terms of the summation of the
temperature-dew point spread inventoried every 50 mb through a predeter-
mined column:

(D A= (T-Td) + (T-Td), g5 + .00 + (T-T)

where (T-Td) is the temperature-dew point spread at a given
level, x = 1000 mb, yv = 850 mb.

(2) B = (T—Td)X + (T-Td) .+ (T—Td)z

%—50 + ..

where (T-Td) is the temperature-dew point spread at a given
level, x = 1000 mb, z = 700 mb,

The initial column stratifications (referred to as Types in the text) were
selected as follows:

Type 1 equal AS10°C and BS25°C.

Type 2 equal AS10°C and B>25°C.

Type 3 equal 11°CSAS30°C and 11°CSBS60°.
Type &4 equal 11°CSAS30°C and B>60°C.
Type 5 All remaining cases.

Types 1 and 2 sampled all the available cases where a nearly saturated
column of air existed in at least the lower 5000 feet. This was most
frequently associated with a deep marine layer. Type 1 was designed to
examine cases where the vertical-motion field was sufficiently strong to
bring this layer through at least the 700-mb level, while Type 2 assumed
the marine layer top short of 700 mb, but above 850 mb.

The theory being tested by Types 1 and 2, as mentioned earlier, was
that the vertical-motion field west of the coastal range must be strong
enough to deepen the marine layer through at least the 700-mb level in
order to consider a widespread precipitation episode in Arizona. This
same basic theory was tested by Types 3 and 4 also, but the required
amounts of available moisture at MYF were scaled down. All remaining
cases were included in Type 5.



III. ' DEVELOPMENTAL DATA SAMPLE ANALYSTS

All the available MYF RAOBS from March 1971 through December 1975
(October through April only) were examined and separated into the various
Types described earlier. Data from 0000 GMT RAOBS were analyzed apart from
that of 1200 GMT. Data sheets for each Type were prepared and the dates
of the respective RAOBS corresponding to each Type were recorded. Then
four consecutive 12-hour periods (Figure 1) were individually examined for
each date to determine if precipitation occurred at Phoenix (PHX, elevation
1100 ft) or Flagstaff (FLG, elevation 7000 ft). Throughout the remainder
of this article, these four periods will simply be referred to as "Period
1, Period 2, etc.'. However, when reference is made to the periods used by
the National Weather Service for forecasts and comparison with Model Output
Statistic (MOS) probabilities, the terms "FP Period 1, FP Period 2, etc."
will be used. After tabulation, the number of measurable cases of precipi-
tation only, and then the number of measurable and trace cases were totaled
for each Type. Percent occurrences (in effect, conditional climatological
probabilities for Periods 1-4 of this sample) were then computed for each.
The results are shown in Figures 2a-e. Enough curiousity was raised to
try and determine the percent of total measurable, as well as total measura-
ble and trace cases that were caught by the combined Types 1-4. It was
hoped that the percentage would be high enough to consider any adverse
effects from rapidly changing conditions at balloon release times to be
only an occasional compromising factor to the overall study. Figure 3
shows the results for Periods 1-4.

An analysis of Figure 3a reveals that in general, Types 1-4 for the 1200
GMT RAOBS caught on the order of 80-90% of the total measurable cases in
the study for Pericd 1, 70-807% of the cases for Period 2, 60-70% for Period
3, and 50-607 for Period 4. The 0000 GMI RAOBS did not perform as well,
indicating basically 70-80% for Period 1, 60-70% for Period 2, 50-607 for
Period 3, and 40-507 for Period 4. An overall decrease in reliability
occurred, as observed in Figure 3b, when the measurable and trace cases
were considered. This was expected, since trace cases can frequently '
occur with middle and/or high-level moisture only. Perhaps another reason
would be due to troughs approaching from a more northerly trajectory.
Nevertheless, considering the overall rarity of precipitation events in
Arizona and the fact that only one parameter (moisture at a fixed location)
was being tested, it was felt that Types 1-4 locked in on those measurable
events that did occur quite well. This was particularly true in Periods
1 and 2. One should be reminded at this point that this is only a climato-
logical study, and although it would appear that this study has considerable
prognostic value, it should be primarily viewed from a diagnostic standpoint
when used operationally.

As mentioned earlier, 1200 GMT RAOBS outperformed the 0000 GMT RAOB data
in the analysis of Figure 3. This diurnal conflict is intriguing. The
0000 GMT RAOBS had nearly 100 less cases per period in the total sample
size for the combined Types 1-4 than the 1200 GMT RAOBS. Considerably
more precipitation events occurred in Type 5 using 0000 GMT RAOBS as
opposed to 1200 GMT data. One could speculate here that the problem is
likely related to afternoon heating and mixing resulting in larger tempera-
ture—dew point spreads in the 1000- to 850-mb layer. Therefore, even
though on a given day the vertical-motion field might still be strong enough
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to give widespread precipitation in Arizona, the 0000 GMT RAOB may occasion-
ally fail to satisfy the criteria for any of Types 1-4.

A graphical representation of. the data presented in Figures 2a-e is shown
in Figures 4a,b. Note that of the five Types for both PHX and FLG at 0000
GMT as well as 1200 GMT, the two Types involving high moisture values con-
centrated in at least the 1000~mb ~ 700-mb layer yielded the highest proba-
bilities (Types 1 and 3). Types 2 and 4, which have high moisture only up
to 850 mb, yielded lower probabilities (significantly lower for PHX) than
those obtained by Types 1 and 3. This strongly suggests that high mois-
ture values below 850 mbs, complimented by moisture in the 850-mb - 700-mb
layer, is necessary for consideration of widespread precipitation in
Arizona. This point is additionally supported by a comparison of Types 3
and 4. Type 4 involved the scaled-down moisture criteria in the 1000-mb ~
850-mb layer and "dry" conditions between 850 mb and 700 mb. This, in
itself, resulted in relatively low probabilities. The addition of moisture
to the 850-mb - 700-mb layer to this, as shown in Type 4, with no change
below 850 mb, sharply increased the probabilities (see the graphs of Type
3 for FLG and PHX).

Interest was then aroused as to the potential additional effects of high
moisture above the 700-mb level. Therefore, Types 1 and 2 were tested for
the effects of varying moisture supply above 700 mb. The criteria used was
as follows:

(3) ¢Cc= (T—Td)Z + (T--"I‘d)z_50 + ...+ (T—Td)v

where (T-Td) is the temperature-dew point spread at a given
level, z = 700 mb, v = 400 mb.

These were segregated such that: .

and CS60°C.
and C>60°C,
and CS60°C.
Sub-Type 2b equal Type 2 and C>60°C.

Sub-Type la equal Type 1
1
2
2
Sub-Type 3a equal Type 3 and CS60°C.
3
4
4

Sub-Type 1b equal Type
Sub-Type 2a equal Type

and C>60°C.
and CS60°C.
and C>60°C.

Sub-Type 3b equal Type
Sub-Type 4a equal Type
Sub-Type 4b equal Type

Climatological probabilities for these Sub-Types (hereafter called
"breakdown pops') were then derived and are displayed in Figure 5a-d with
the original combined (or non-substratified) probabilities from Figure 2
a-e for comparison. The Sub-Typing resulted in data samples generally too
small to be considered representative. Despite this, in most instances, the
presence of high moisture values above 700 mb increased the probabilities
from that of the original combined values, while the absence of this mois-
ture had the opposite effect.



IV. INDEPENDENT TEST DATA

The months of October 1977 through April 1978 were utilized as test data.
This provided a total sample size of 414 cases. Brier scores were totaled
using the original combined pops for measurable precipitation (POPA) from
Figures 2a-e as well as the breakdown pops (POPB). Comparisons were then
made to the corresponding Final Model Output Statistics (MOS) Brier score
in each of the three National Weather Service's FP periods. - The results
are listed in Figure 6a-d. Brier scores are rounded off and the decimal
points displaced for convenience. As can be seen, the usage of the break-
down pops (POPB) generally degraded the results (increased the Brier
scores) from those obtained by POPA. This was quite likely due to the
problem of small sample size alluded to earlier. The breakdown pops did
have a positive influence in a few cases. In general, the number of
cases used to derive the breakdown probability for the presence of upper
level moisture was too small to seriously consider the results reliable.

The comparison of POPA to MOS Brier scores displayed a few significant
areas where the MOS forecasts could possibly be improved upon on an
operational basis. Those listed below include periods where POPA Brier
scores were less than or equal to the MOS Brier score in any period, or
where POPA was less than 30 units above the MOS score in Periods 1 or 2
(indicating MOS was only slightly better than conditional climatology in
the short term).

- MOS WEAKRNESS LIST #1
RAOB TIME STATION TYPE FP PERIOD SAMPLE SIZE

PER PERIOD
1.  0000GMT PHX 2 1,2,3 11
2. 0000GMT FLG 2 2,3 11
3. 0000GMT PHX 1 2,3 12
4. 0000GMT FLG 1 1,2,3 12
5. 1200GMT PHX 1 1,2 20
6.  1200GMT FLG 1 1,2 20
7. 0000GMT PHX 4 1 26
8.  1200GMT PHX 4 1,2,3 27
9.  1200GMT PHX 3 1,2 11

10.  1200GMT FLG 3 1 ' 11

0f special interest here is that for Type 1, the wettest and most impor-
tant of the Types in terms of precipitation events, MOS commonly was only
slightly better or actually worse than the conditional climatological pops
from the study (POPA). This was true at both RAOB times and for both PHX
and FLG. A review of the appropriate data indicated that MOS had a defi-
nite tendency for forecasting rather low probabilities (0-30%)--many on
which precipitation occurred.




A more detailed examination of the possible weaknesses in the MOS fore-
casts for the above MOS WEARNESS LIST #l1 is found in Appendix A and labeled
WEAKNESS LIST #1. The numbers of the 1-10 in WEAKNESS LIST #1 correspond
to the same numbers in the above MOS WEAKNESS LIST #1.

A return to Figure 3 brings forth another interesting point. The best
results for measurable as well as measurable plus trace cases were in
Periods 1 and 2. Perhaps the operational forecaster could also be served
by this study in terms of an updating tool. The analysis of Brier scores
just examined from Figure 6 involved a comparison of data from a given
RAOB to the MOS run from the same time as the RAOB. However, the RAOB is
nearly 10 hours old by the time the first FP period begins. In actuality,
a given RAOB is received almost at the beginning time of the first FP
period MOS probabilities from the previous run. For example, the 1200GMT
RAOB is received and plotted by the time the first FP period MOS pop from
the previous 0000GMT run is only about 2 hours old. The utility of this
study, examined from the standpoint of an updating aid, is tabulated in
Figure 7a-d. '

The comparison of POPA to MOS Brier scores for purposes of updating also
indicated areas where MOS forecasts from the previous runs were potentially
weak. - Opportunities for improvement upon MOS forecasts existed in the
following categories:

MOS WEAKNESS LIST i#2

_ SAMPLE SIZE

RAOB TIME _ STATION  TYPE  FP PERIOD __ PER PERIOD
1. 0000GMT PHX 2 1,2,3 11
2. 0000GMT FLG 2 1,2,3 11
3. 0000GMT PHX 1 1,2,3 12
4. 00OOGMT FLG 1 1,2,3 12
5. 1200GMT PHX 1 1,2 20
6. 1200GMT FLG 1 1,2,3 20
7. 0000GMT PHX 4 2,3 26
8. 0000GMT FLG 4 1, 3 26
9. 1200GMT PHX 4 1,2,3 27
10. 1200GMT FLG 4 1 27
11. 1200GMT PHX 3 2,3 11
12. 1200GMT FLG 3 3 11

Note here also that Type 1 showed up again at both RAOB times and for
both PHX and FLG. As with MOS WEAKNESS LIST #1, an investigation of the
data revealed that the MOS tendency to forecast rather low probabilities,
on which precipitation occurred, persisted. Appendix B uses a format
similar to Appendix A for further describing the possible MOS weaknesses
corresponding to MOS WEAKNESS LIST #2.
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V. CONCLUSIONS

This conditional climatological study was considered to be a beneficial.
diagnostic forecast aid for PHX WSFO. Even if used strictly from an objec-
tive standpoint, the study yielded excellent results. The added usage of
a limited amount of subjective reasoning and modification will improve the
operational results even further. The utility of the study extended beyond
the capacity of making three-period probability forecasts. It was found
that the study also served the forecaster successfully as an updating tool.

The developmental data sample did not stratify precipitation episodes at
PHX or FLG by storm origin or trajectory. Despite this, results, particu-
larly using 1200GMT MYF RAOBS, still displayed a definite relationship
between the depth of the marine layer at MYF and subsequent widespread
precipitation episodes in Arizona. It is felt that on an operational basis,
subjective evaluation can be made to the study probabilities for cases
where storms approach from a more northerly direction or when an unusually
strong influx of tropical moisture is involved.

This investigation gave strong supportive evidence that high moisture
content (i.e., a high marine inversion) at MYF from the surface to at
least 700 mb is generally necessary for widespread precipitation episodes
in Arizona. It is the opinion of the author that when the top of the
marine layer at MYF is lifted to at least the 700-mb level ahead of an
upper-level trough, the vertical-motion field will generally remain strong
enough to produce widespread precipitation upon reaching Arizona.

Although not conclusive from this study, it would appear subjectively
that additional high moisture values in the 700-mb - 400-mb layer enhance
the probabilities of precipitation even further.

A fringe benefit of this study was the identification of potentially weak
areas in the MOS probability forecasts. With reasonable discretion, fore-
casters can successfully use the results listed in the INDEPENDENT TEST
DATA section to identify and hopefully improve upon available corresponding
MOS forecasts.
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APPENDIX A

WEAKNESS LIST #1

An analysis of the data from MOS WEAKNESS LIST #1 revealed the following
information (Numbers 1-10 refer to the corresponding numbers in MOS
WEAKNESS LIST #1):

1. MOS frequently forecast pops of 30% or greater with no cases of
measurable precipitation occurring.

2. Measurable precipitation fell on more than half the cases when
MOS forecast pops betwéen and including 5% and 20%. Also, no
measurable precipitation fell on MOS pops of 70% or greater,

3. No measurable precipitation fell on MOS pops of 70% or greater.
Also measurable precipitation féll on half the cases where MOS
pops were 20% or less.

4, A large amount of measurable precipitation events occurred on
MOS pops of 30% or less.

5. Measurable precipitation fell on one half of the cases where
MOS forecast pops of 5% -~ 207Z.

6. Measurable precipitation fell on most of the cases where MOS
forecast pops of 57 - 30%.

7. No measurable precipitation fell on MOS pops of 30% or greater.
8. No measurable precipitation fell on MOS pops of 20% - 60%.
9. Measurable precipitation fell on a 0% in FP Period 1. No

measurable precipitation fell on MOS pops of 50% or greater
in FP Period 2.

10. Several incidents where measurable precipitation fell were on
MOS pops of 20% or less.



APPENDIX B

An analysis of this data from MOS WEAKNESS LIST #2 revealed
the following:

1. MOS frequently forecast pops of 30% or greater, and,
excepting one case of .08 in. on a 60% pop, no other
measurable precipitation occurred. For FP Period 1,
MOS got precipitation on half of the 07 and 5%s.

2. Measurable precipitation fell on more than half the cases
when MOS forecast pops from 57 and 20%. Also, no measura-
ble precipitation fell on MOS pops 70% or greater in FP
Period 3.

3. No measurable precipitation fell 2 out of 3 times omn MOS
pops of 707 or greater. Measurable precipitation fell on
half of the pops of 207% or less.

4, A large amount of measurable precipitaiton events occurred
on MOS pops of 307 or less.

5. Measurable precipitation fell on half the cases where MOS
forecast pops of 5% to 207Z.

6. Measurable precipitation fell on most cases where MOS
forecast pops of 5% to 307.

7. No measurable precipitation fell on MOS pops of 40% or
greater.

8. No measurable precipitation fell on MOS pops 50% or
greater. Measurable precipitation fell on half the cases
of MOS pops of 2%.

9. No measurable precipitation fell, excepting one case of
.01 inch on a 20% MOS pop, on MOS pops in the 20-60% bracket.

10. No measurable precipitation fell, excepting omne case, on MOS
pops 507 or greater.

11. Measurable precipitation fell on a 0% in FP Period 2. No
measurable precipitation fell on MOS pops of 50% or greater
in FP Period 3.

12. No measurable precipitation fell on MOS pops of 507 or greater.




0000 GMT RAOB

PERIOD NUMBER TIME CORRESPONDING
USED IN STUDY | INTERVAL (GMT) FP_PERIOD

1 0000 - 1200

2 1200 - 0000 1

3 0000 - 1200

4 1200 - 0000 3

1200 GMT RAOB

PERIOD NUMBER TIME CORRESPONDING
USED IN STUDY | INTERVAL (GMT) FP_PERIOD

1 1200 - 0000

2 0000 - 1200 1

3 1200 - 0000

4 0000 - 1200 3

Figure 1.

Time Interval of

-10~

Periods Utilized in this Study.
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Figures 2a-e:

Probability of Precipitation Events at PHX and FLG by

Periods for Types 1-5 from 0000 GMT and 1200 GMT RAOBS.
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RELTABILITY
MEASURABLE PRECIPITATION

FIGURE 3A
1200 GMT TOTAL 0000 GMT TOTAL
PERTOD 1 2 3 4  SAMPLE PERIOD 1 2 3 4 SAMPLE
SIZE PER PD SIZE PER PD
TOTAL NUMBER OF PHX 52 45 39 34 PHX 51 41 36 26
EVENTS CAUGHT BY 318 221
TYPES 1-4 FLG 146 122 109 96 FLG 110 109 90 77
TOTAL NUMBER OF PHX 59 60 63 59 PHX 65 61 63 64
EVENTS IN STUDY 1002 A 1002
FLG 174 160 172 159 FLG 160 172 163 167
PERCENT OF TOTAL PHX  88% 75% 62% 58% PHX  78% 67% 57% 41%
EVENTS WHICH
OCCURRED IN TYPES 1-4 FLG  84% 76% 63% 60% FLG  69% 63% 55% 46%
RELIABILITY
MEASURABLE AND TRACE
FIGURE 3B |
1200 GMT TOTAL 0000 GMT = TOTAL
PERIOD 1 2 3 4 SAMPLE PERIOD 1 2 3 4 SAMPLE
SIZE PER PD SIZE PER PD
TOTAL NUMBER OF PHX 87 86 70 58 PHX 79 68 63 43
EVENTS CAUGHT BY 318 221
TYPES 1-4 FLG 182 168 138 129 FLG 141 134 114 92
TOTAL NUMBER OF PHX 110 115 114 109 PHX 120 110 115 109
EVENTS IN STUDY 1002 1002
FLG 232 241 230 235 FLG 234 232 239 225
PERCENT OF TOTAL PHX  79% 75% 61% 53% PHX 66% 62% 55% 39%
EVENTS WHICH
OCCURRED IN TYPES 1-4 FLG  78% 70% 60% 55% FLG  60% 58% 48% 41%

FIGURES 3A and 3B:

from 0000 GMT and 1200 GMT RAOBS.

Probability of Precipitation Events at PHX and FLG by Periods for Types 1-5
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Graphical Representation of the Probability of Precipitation
Events by Perlods at PHX and FLG for Types 1-5. RAOBS at
0000 GMT and 1200 GMT.

Figure 4a-b:
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PROBABILITY OF MEASURABLE PRECIPITATION

PROBABILITY OF MEASURABLE PRECIPITATION

ABOVE 700 MB BY PERIODS AT PHX AND FLG FOR TYPES 1-4.

RAOBS AT 0000 GMT AND 1200 GMT.

— TYPE 2
X PHX
0000 GMT 1200_GMT e 0000 GML___ e 1200 GMT
T2 1 o551 ool ST oo oor) N_] PDL | PD2 | PD3 | PD4 W _| PDL_] PDZ | FD3 | ED4
WITH UPPER WITH UPPER WLTH UPPER WITH UPPER
wevenvorstoee | 4] % | 1 %® | 2 | thvenworsmre |} %2 M| B |V LEVEL MOTSTURE 43 |7 | % 1% | ipven vorsmme |20 20 } 40 | % 0
COMBINED 251 44 36 36 16 COMBINED 41| 46 39 15 15 COMBINED 37 11 24 14 14 COMBINED - 112{- 12 15 15 13
WITHOUT UPPER WITHOUT UPPER WITHOUT UPPER 30 20 | 13 WITHOUT UPPER 195} 19 13 15 15
| LEver worsTyre_ f 2L 36 | 18 | 36 ® | 1pver worstope | 28} 3% | 32 | 1 | 14 LEVEL_MOISTURE 3 0 7 1 1rveL MorsTURE L
LG FLG
0000_GMT 1200 _GMT 0000_gT 1200 gMT §
N PD1 PD2 PD3 PD4 ) N PD1 PD2 PD3 PD4 | N PDY PD2 PD3 PD4 N PD1 PD2 PD3 PD4
WITH UPPER WITH UPPER WITH UPPER 7| 86 86 7L 57 WITH UPPER 1| 60 60 60 40
ipvep worstore | M) 79 | 70 | 64 | 50§ ypvern worsmume 23| 92 | 69 | 54 | 38 LEVEL MOISTURE LEVEL MOTSTURE
COMBINED 25| 72 | 76 | e8 | 48 [ comsIned 41 85 | 66 | 4 | 37 COMBINED 374 59. | so | 54 | 32 § commve 2| 49| s ] a2 | 36
WITHOUT UPPER WITHOUT UPPER WITHOUT UPPER WITHOUT UPPER
|iEver mozsTure | 1L} 64 | 73 | 73 | 45 B hver moysyome | 28| 82 | 64 | 43 | 36 |iever worsrore (0 | 33 | 33 | 0 | 27} ipver wopsvume |02} M8 ¥ | 0] B
PROBABILITY OF MEASURABLE PRECTPITATION PROBABILITY OF MEASURABLE PRECIPITATION
TYPE 3 TYPE 4
PHX © PHX
0000_GMT 1200_cMT 0000_GMT. 1200 GMT
W ] Pbi | Pbz | PD3. T PDh W | FOL | PpZ | D3 ] P04 W | Fbi | rp2 | FD3 | ¥DL W | EDL.] FPDZ | PD3 | PD
WITH UPPER 0| 40 | 20 | 20 | 10 | WitH UPeER WETH UPPER WITH UPPER :
LEVEL MOISTURE LEver vorstore | | ¥ i “ 27 LEVEL MOISTURE 3 38 56 33§ 11} ypver mozsTure | 3 33 331 3 0
COMBINED so| 40 | 22 | 16 | 16 | compmNED a2f s1f 19| 2| a7 COMBINED 100{ 15 mw{ 13 8 | comBINED. 1230 6 3| s 5
WITHOUT UPPER w0 | 40 | 23 | 15 | 18 | WITHOUT UPPER WITHOUT UPPER ; WITHOUT UPFER
LEVEL MOISTURE, LEVEL MozsTuRe | 2 B3| 1S Tpn LEVEL MorsTure |10 13 ’ 1L 8 { 1EveL morsture [120] 5 3 5 5
LG FIG
0000 GMT 1200_GMT 0000 GMT 1200 GMT _
N | Pbi ] Pp2 | PD3 | PD4 W ] Pbi | ®p2 | ¥p3 | PD4 N_| 7ol | _Ppz | P03 | D4 N | i) Pp2 | PD3 | POk
WITH UFPER WITH UPPER WITH UPPER : WITH UPPER ;
]| 9| s
LEVEL MOISTURE 301 31 1eves worsrure | Y5 7 B 471 41 |igvEL morsTuRE 9| 6| 671 44| 44N rever worsmomg | 3] 33 ) 67 | 67 | &7
COMBINED 50 70 60 40 44 8 COMBINED 42 79 62 33 26 COMBINED 109 32 34 30 28 COMBINED 1231 19 19 24 24
WITHOUT UPPER WITHOUT UPPER WITHOUT UPPER ¥ WiTHOUT UPPER
LEVEL MOISTURE | *° 65 55 43 48 § LrveL Morsture | 27] 74 56 26 19 LEvEL Morsturs {00 30 i 2} 27§ rever morstmre | V20 18 18 23 23
FIGURE 5A-D: BREAKDOWN PROBABILITIES OF MEASURABLE PRECIPTTATION EVENTS FOR THE PRESENCE OR LACK OF MOTSTURE
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COMPARISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS
(POPA) AND BREAKDOWN POPS (POPB) TO CURRENT MOS POPS

CURRENT 0000 GMT RAOB
CURRENT 0000 GMT MOS

TYPE 1 - N=12

COMPARTISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS
(POPA) AND BREAKDOWN POPS (POPB) TO CURRENT MOS POPS

CURRENT 000C GMT RAOB
CURRENT. 0000 GMT MOS

TYPE 3 - N=25

PHX - FL.G PHX FLG
PDL(FP) PD2(FP) PD3(FP) PD1(FP) PD2(FP) PD3(FE) PD1(FP) PD2(FP) pD3(FP) | " PD1(FP) PD2(FP) PD3(FP)
POPA POPA POPA POPA POPA. POPA POPA POPA POPA POPA POPA POPA
372 | M0s | 332 | MOS | 288 | MOS 168 | mMOS | 228 | MOS | 300 |MOS 520 | MOs| 520 [ MOs{ 400 | Mos 600 | MOS| 600 | MOS | 540 § MOS
poPB | 209 | PoPB{ 345 | PoPB | 324 | POPB {217 | POPB| 299 | POPB | 388 POPB { 294 | POPB | 346 POPB | 231 POPB | 356 | POPB { 301 | POPB | 230
495 332 313 193 237 300 580 520 433 672 617 681
CURRENT 0000 GMT RAOB CURRENT 0000 GMT RAGB
CURRENT 0000 GMT MOS CURRENT 0000 GMT MOS _
TYPE 2 - N=11 TYPE 4 - N=26
PHX FLC PHX FLG
PD1(FP) PD2(FP) PD3 (FP) PD1(FP) PD2(FP) PD3(FP) PD1(FP) PD2(¥P) PD3(FP) PDL(FP) PD2(FP) PD3(FP)
POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA
104 [MoS | 91 [MOS [ 91 |MOS § 276 {MOS { 275 {MOS | 259 |MOS 106 | MOS| 266 | MOS| 266 { MOS 354 | MOS | 394 | MoS | 474 | MoS
popB | 100 | pops | 125 | PopB | 182 | PopB | 238 | popB | 396 | POPB|.30L PoPB | 121 | poPB | 176 POPB | 124 POPB | 185 POPB | 227 | POPR | 223
104 91 91 276 275 259 58 242 266 354 388 468
COMPARISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS
(POPA) AND BREAKDOWN POPS (POPB) TO CURRENT MOS POPS COMPARISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS
CURRENT 1200 GMT RAOB (POPA) AND BREAKDOWN POPS (POPB) TO CURRENT MOS POPS
CURRENT 1200 GMT MOS CURRENT 1200 GMT RAOB
CURRENT 1200 GMT MOS
TYPE 1 - N=20 TYPE 3 - N=11
PHX FLG J— e,
PD1(FP) PD2(¥P) PD3(FP) PD1(FP) PD2(FP) PD3(FP) PD1(FP) PD2(FP) PD3(FP) PD1(FP) PD2(FP) PD3(FP)
POPA POPA POPA POPA POPA POPA . POPA POPA POPA POPA TOPA POPA
520 |Mos { 500 |mMos| 380 | Mos 340 |mos | 500 [mos | 500 | mos 164 jmos | 166 [mos | 224 |wos 316 |wos | 179 Jmos | 299 |wos
POPB | 567 | POPB | 483} POPB | 366 POPB | 434 | POPB | 476 | POPB | 352 POPB [147 jroPs }172 |eopB |191 POPB | 291 | POPB | 138 | PoPB | 241
500 510 450 350 530 500 169 207 219 229 15 316
CURRENT 1200 GMT RAOB CURRENT 1200 GMT RAOB
CURRENT 1200 GMT MOS CURRENT 1200 GMT MOS
TYPE 2 - N=17 TYPE & - N=27
PHX FLG PHX FLG
PD1(FP) PD2(FP) PD3(FP) PD1(FP) PD2(FP) PD3(¥P) PD1(FP) PD2(FP) PD3(FP) PDL(FP) PD2(FP) PD3(FP)
POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA
368 |Mos | 428 |mos| 257 |mos 412 |Mos | 392 [fmos | 392 | mMos 97 |MoOS 97 )Mo 27 | Mos 408 jMOS | 408 |MOS | 288 |MoS
pop | 251 | popB | 175 popB |} 236 poeB | 179 | popB | 147 | poeB | 226 PoPB | 127 {PopB |137 |popB | 2199 POPB {352 {PoPB |257 |PoPB | 279
372 428 284 A2 372 372 9 7 57 408 408 288

FIGURE 6a-d.

COMPARISONS OF TEST DATA BRIER SCORES DERIVED FROM ORIGINAL (POPA) AND
BREAKDOWN (POPB) PROBABILITIES OF MEASURABLE PRECIPITATION TO THOSE FROM FINAL MOS
PROBABILITIES OF THE COMPUTER RUN CONCURRENT WITH RAOB TIME,
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COMPARTISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS
{POPA) AND BREAKDOWN POPS (POPB) TO PREVIOUS MOS POPS

CURRENT 0000 GMT RAOB
CURRENT 0000 GMT MOS

COMPARISON OF TOTAL BRIER SCORES FOR BOTH -ORIGINAL POPS
(POPA) AND BREAKDOWN POPS (POPB) TO PREVIOUS MOS POPS

CURRENT 0000 GMT RAOB
PREVIOUS 1200 GMT MOS

TYPE 1 - Ne12 TYPE 3 - N=25
PHX FLG PHX FLG
PD1 PD2(FP PD1) | PD3(FP PD2) | PDL PD2(FP PD1) | FD3(FP PD2) PDL PD2(FP PD1) | PD3(FP ED2) | PD1 PD2(FP PD1) | PD3(FP PD2)
POPA POPA POPA POPA POPA POPA POPA POPA POPA’ BOPA POPA POPA
372 jmMos | 372 {Mos | 332 [Mos 148 [Mos| 168 [mMos | 228 |MOS 520 ,MOS | 520 { MOS | 520 | MOS 785 [ Mos | 600 [Mos | 600 | Mos
POPB [ 590 |POPB | 374 |POPB | 332 POPB | 509 | PoPB | 301 | POPB | 289 FOPB 436 | POPB | 411 | POPB | 446 POPB | 376 | POPB | 447 [ POPB [ 431
335 495 332 128 193 237 520 580 520 913 672 617
CURRENT 0000 GMT RAOB CURRENT 0000 GMI RAOB
CURRENT 1200 GMT MOS PREVIOUS. 1200 GMT MOS
TYPE 2 - Nell TYPE 4 - N=26
PHX FLG PHX FLG
PDL PD2(FP PD1) | PD3(FP PD2) PD1 PD2(FP PD1) | PD3(FP PD2) PDL PD2(FP PD1) | PD3(FP PD2) PDL PD2(FP PDL) | PD3(FP PD2)|
POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA
251 [mos | 104 |Mos 91 |Mos 236 |Mos| 276 [mos-| 275 |mos 284 .Mos | 106 |Mos | 266 |mos 336 | M0S | 354 [MOS | 394 | MOS
POPB {222 {POPB | 142 ! POPB | 158 POPB | 518 | POPB | 318 |POPB | 324 POPB 131 | PoPB | 159 | POPB | 282 POPB | 414 | POPB | 262 | POPB | 394
288 104 a1 275 276 275 282 38 242 348 334 388
COMPARISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS COMPARISON OF TOTAL BRIER SCORES FOR BOTH ORIGINAL POPS
(POPA) AND BREAKDOWN POPS (POEB) TO PREVIOUS MOS POPS (POPA) AND BREAKDOWN POPS (POPB) TO PREVIOUS MOS POPS
CURRENT 1200 GMT RAOB CURRENT 1200 GHT RAOB
PREVIOUS 0000 GMT MOS PREVIOUS 0000 GMT MOS
TYPE 1 - N=20 TYPE 3. - N=l1
PHX FLG PHX ' FLG
PDL PD2(FP PD1) § PD3(FP PD2) PD1 PD2(FP PD1) } PD3(FP PD2) Ppl PD2(FP-PD1) | PD3(FP PD2) PD1 PD2(FP PD1) | PD3(FP PD2).
POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA
500 Jmos | 520 [Mos | 500 [Mos 260 [MOS | 340 [Mos | 500 |[mos 219 | Mos | 164 | Mos | 164 ImMos 284 IMOS | 316 {MOS | 179 |mMos
POPB | 481 | POPB | 581 |POPB {180 POPB {329 | PopB | 207 |POPB |130 POPB &5 POPB | 146 |PoPB | 231 POPB | 163 PE 223 pg 181
320 372 428 416 412 372 219 169 207 201 329 195
CURRENT 1200 GMT RAOB CURRENT 1200 GMT RAOB
PREVIOUS 0000 GMT MOS PREVIOUS 0000 GMT MOS
TYPE 2 - N=17 TYPE 4 ~ N=17
PHX FLG PHX FLG
PDL PD2(FP PD1) { PD3(FP PD2) | PD1 PD2(FP PD1) | PD3(FP PD2) PD1 PD2(FP PD1) | PD3(FP PED2) PDL PD2(FP PD1) [PD3(FP PD2)
POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA POPA
337 {wmos | 368 |Mos | 428 [mos 425 |wos | 412 |mMos | 392 ]Mos _7 {Mos 97 | MOS8 97 |mos 228 |Mos | 408 [MOS | 408 |MoOS
POPB | 180 | PoPB | 259 |POPB | 180 POPB | 329 [ POPB | 207 |[roPB |130 POPB | 43 | POPB | 117 {POPB {145 POPB | 310 p& 365 PE 252
320 372 428 416 412 372 Z 27 97 228 408 408
FIGURE 7a-d. COMPARISONS OF TEST DATA BRIER SCORES DERIVED FROM ORIGINAL (POPA)} AND

BREAKDOWN (POPB) PROBABILITIES OF MEASURABLE PRECIPITATION TO THOSE FROM FINAL MOS
PROBABILITIES OF THE COMPUTER RUN 12 HOURS PREVIOUS TO RAOB TIME.



v

7 NowA Teenles) Momeronga NISHRS: (Gentlied).

. eR Simle m@wag@maw‘f 1% e Wil lemeie Yeilays Erl K
83 Ap Ops ienzs - Svalugrien ef 590> W i

Botos: Moy 1970y (EONETASIIRTIS)
i Alesrdor B Yeetensle

T liaeTAS)

B 1% 119y 8% Vis enc=al? 131 e Feg & Fresns, Galifern o B Themas,
“ gc g: Prebanl 1416 feF e | asverm Reg 1Cv‘uw- Glon B Rassh- s Rlczeader B MeeBenilds ?@b Ry ] W@‘v?m

© Suiser Loy ©F Al 5 0@% Witlizm 4. Alder 279 &3 v““c?gc R Wuﬂf'@m dbwﬁ@ ﬂﬁ@ @aa=2@@ﬁlﬂ/&8>
w o Pree zeiplvvion B Thowern URived Shedes: - Im Se Dmmmo;"-% &m IEIASY.

9 TR 8 dey I Fliesd QJ@@QA’“ 16 i%y==A Bas Bn Seunhienn AFlaeRt. - Coreid Wil liamsy A @g@m u»’iJn Ls@ 75=11366/28)

162 £ & Get of Rulcs for Lr@m%@w' TEHPUrBTUIRSS m i&b@w 2rdfiSorome] @amu% E"@s oy Lo Tult, Osteber 1975, (FReRe=002/A8)
103 A@ﬁi o of vhe Nevlemal We@dhw Gcr‘wu@ Flegh=rleae Dm Wv o Yostorm fi@gmw @Pﬂ@ W51 leme, dentery Qw

CERVCH I
f\m er: "‘!?@@b‘?v, 3; ﬂum oo Lam;-)@mvﬂ{mr @ L«QR@« Newes uu; Dwmo an@ s&mmw wa%m @Fu%ﬁfﬂof Hﬂﬂﬂr

(F2=2572-005/A3) : :
g $ie lons Windh Gharigs P mscﬂa; dFs 7. aCJTwc wfiﬁclaﬂﬁc?:@“ L e P
Fexe Jehn G Plankiahen; . nﬂ[’r’w ‘”@F@}" 97103 {78 ‘Z—'@“ fﬂ\-zr e

?:%Wp:g Rogush 1996; - (FESARE~ERS
e S i alley ond Adjsintos r@rfcc%c aisientier f;c Bontons; Septs 197
@%27;:01/7/%\5 )

118 EO:%L "‘ﬁ”@ﬁg; & Heake wening nmm an) Eﬁm@m Pa@ﬁ e Tropieal Byel :1“0@0 wﬁ m JJc O@ Wg G{F fJCv@

"‘.J-Q GEE/A ‘ : G
112 The WAN/YES Pregram. RMesender B xb@lmﬂd» t?dav@aﬁy 0T, (FBREE-0LI/A8) , S
113 = Winver: SJVB;C“ Mwmwm mg;mﬂm?@m]a iow Lc:u‘@w ﬂdg @autwomum d’fmg mﬂ’?lptc R@g@@wc@v Mighaal e @@F@Q SR

: Fobrugry

B ,msvvﬂmeaﬁ Wjoa Jeies Re Folrs, Fc:mf*y 39'73 @@E@ﬂ@:@v@/ﬁk@b s T R : . ‘

e A Shudy.of \Uu@” @U.w . Meagk M@]ﬂf\y Celmam, zf(!)r(f" 1977, (FerReeeEaT) L o
A ; @mﬂmmﬁ» Sleyss a7 vhe Nevads Test ?:Wom 2 i?wc»«vm Ov Wﬁ 1oH @~ Eiu Q@rrmgu 5

147 .zxmﬂ&b @
o Rprhd ;
§ Welsiure Distribution Wﬁvﬂ@r@@mwm“@[’ﬁ %‘#&ﬁ&; elen, - (re 85 Bk FEACE; &[JE;'” HQW EI}:’A’fMaOJ NG
159 Peletive Prequency of Gesurrenee of Yarw @@a@@ﬁ Ac?ww 858 L? et fon oy §?@DWGW Indiess @’ﬁﬁ}@v@d frem We
- vmcea Flat; Novada, Fewinsenda. @a«wﬂ -&mc**cm ~’7@w@ 1977 (RE<Z) =2 ) .
120 ] m}gﬂ@@ @ﬁg?*dudég%gv Guinwl cwmm; @m@c ﬁrm %ao Vieinley of The Wmﬂg@ Flz M@@‘P‘mf g«’?as’m@mc : m (Fowﬂmin@; :
-:@']C 7/71 BR 717]\_7/ . S
o 422 A ethed JeF: Transtornling 1nfur»0 DJ@‘WDWO@ e Nemnl e Vorris Sc Yigaly; IFsp Jung 1997, - @3@:747/[]»7@71/&9) )
(2% Stetistienl e@w -ty Prodlerien Ov Tstern Nord: %vL{?L@ ?ﬁ@@ﬁ@aﬂ @v@ﬁom Mﬂm 2 ,Daw ch @ﬁmr Ow R'Jo &fksm;m
Bnd Presten We Letmich, Avgush 1977, . (Fe-272=6611 - ERE
Sizvisiien! Euldenss on $he Pﬁ@dﬁ@‘ffv@ EoEierR m@%
a -8me Ghsrles ¥ Newrenn, Auguer 1977, (RR=R7s=12B/AS)
127 Bavolesnent of @ Frobebilidy. E:];@@v}a@p o W?@#OM‘VDQ PF@:
= Bie e, Febiruary. 1678, @ﬁ‘:‘:aﬂﬁaaa” VA
193 Hepd @au@wﬂc‘m\r :’ GIFER: 79 v Pares] ﬁjomaﬂ mﬁCm
128 Fico Mol DovieD, coimsy oy 1975, (iibeas S

9=

\ro)
;;\.

3 S HBJF Mbﬂﬁ@ﬂca : “\
'Dan @y@@oﬂ ApPUd agwsb @F&%@m@%i 8.

FlasheFlesd m:-wm Ralph ﬁb@m em Le)om § Wil c:m toy 1978 @FC;U’%J} s
Autemied Elre-ieather. FOF-D- v& ﬂwgﬁeam mmgv @U?ﬁfva D w?’ 188 x‘@ﬁ@o’@‘@ﬂ\@? NEEE i
J:sv:J SRCiiie) wﬁO@ﬁ?S ) ‘femim CﬂuMm o MM s Wﬂ% m fi@c’ﬁf, Qc Py o W Loos and

B FIRkE,. Geveber, 1878s - (PEe208s767/A83 3 :

‘§@- i 5 qt”@@ i OsEn e "@m@amm@c' T s JoARUEE]s BERERCF. ﬂ@voc. B8]
Solar = dehin By, Jorinuails Novenber 1978s. - (Fe=20l=(8 _j )

Pppl ﬂ@av ien of a @“@@iww g s -1n. Forceasting focean @W@H Jo 'r[?u @ﬂhcm“a @Qa

s Aierel e, danwery Y"’7/O B 18748

| Besfe Hydrelegie @fﬁmuaao” mamas Ls Bictrich, Johubry ﬂ@”’)a @ﬁ)ﬂg&%wm

: . ‘L@[MJ G{%é&#bgr chdufsﬁ“ﬁow ef E—a&mm P%‘ﬂ{?h@ @vrﬂcr@ [?\CLﬁDTO@ [w swouw wf&o Er g@m Ro z.nm«:@mm 20 @*am
¢ : 5 ‘uﬁ BRLERY

138 A @mﬂ Aralysisl
S e@mggv 1878

e

@@ ﬁr"m Mrmm? _F-; I@%ckﬂ@m@ﬁa@o ﬁr@sv Dmﬁm mm Ra@maa?ug A@F ngo S
Elevdin @MEOﬁ it @ﬂ,@fﬁf}vb SHiln) %@, ~s‘tr@)?@ W%ﬂw@%@m !? fire Wca%@r Dﬂrwﬂ@ﬁ?a M“@r &Jcﬂnmio ‘

ﬂj‘f o

i olr mm o4 1PN Presipleation Suldones fer Novads Buvieg @@'%8 rﬁ%& fpPil 19
egpierie § abil

=goi) @am wm wmm‘b@ﬁm?@“ w-ﬂm &.@@k@w Cf@?‘]o?s J@ *ﬁ?@m?mﬁm &m Hum J@L@?ﬁhﬁ e @F@%\’g" e




NOAA SCIHENTIFIC AR

('F\\
NI

NOAA, the Neslorg) (f)cwam(v’ um/ /lrwor ;ﬂ“)&r
it o Comimerse @ Pm @@mme 3, 1
o ihe soildl Berl

in, and o DEE

Lo

The sy Majer Line Comps pﬂ?f_‘m ®ff 1&1@/‘% Tegilarly pre: AFOYS (ypes of ‘Cuwuuﬂw(c wiid) (eehmical
informaiion in e fellowiyg knds of pablieatioms:

BRIOEESSION 1/\JL PAPIERS == linpes
resenrelh fesulis, @ ’\j](_)r cuchmﬂ(‘lt_@?,, Dﬁd ISHEE
\v/(ewgm O,

I} st i
mf’[rf@ﬁlﬂ(@?ll]&\ WF(*@mmncaH AN
[,)J\F[l,;x G ﬁlnmomﬂ@uﬂ@_ i

'H]DC r'wnl @ I.T\{ 7’@5’1 e ﬁ)ﬂ_ﬂﬁfﬂ]@ﬂ @@ﬁ,’m(fj (‘;ﬁﬁﬁj -
igmelive det snl s, maihemwiieal developments, or data
ety

TECHNICAL MEMORANDUMS — Reports  of
iB‘*?’C]nr“nﬂamfyn m,tﬂﬁnu7 @ ln'(,B(" i e eseareh oF (e
nology resullis, nierim fnsiructions, and dhe K
CONT JM\C T AND GRANT REPORTS—Repons
prepaned Iy conirasions oF groniees wnder NOAA !o'lp e e
%lm@ml%}u@hﬂm tr@wﬁ)\}o)]m(c“, (c‘(f’)‘mlﬂ,lu.’)%ﬂ e

k.

) RIESEN s,
ﬂ’é /*\

N@ﬂ

lftormation en cvalicibily of NOAA pubfestions com be cbieined (bom:

ENVIRONMENTATESGIENGERINEORMATIONNCENTER!
N ERVIRONMEN VAL BATE STVIE:
INATIONANROCEANICIAND DMINISTRATION!

AW B SN

UYSDERARTME Mr o mfm[:zcu

3300 hifehavenistre e MNANA
WeshingironabDrcs PCB@ES |




