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1. INTRODUCTION

In October 1993, the National Weather
Service went from forecast zones that were
groupings of several counties to the current
one coung/one zone concept. Leffler and
McGovern (1995), from here on referred to as
L&M, noted that temperature predictions
were a kg element whemrouping the new
smaller zones. Therefore, theleveloped
couny-level, climate-based temperature
adustments that can bgenerated at each
office to assist the forecasters.

Only an overview of how L&M produced the
temperature gdstment will be discussed
here. For a more in-depth understagdaf
their methodolgy, the reader is directed to
the L&M publication. L&M produced a
monthly avergie maximum and minimum
temperature for each coynby using only
cooperative observer data. heid not use
ary National Weather Service (NWS) or
Federal Aviation Administration (FAA)
observation locations, to avoid the urban
warm bias exhibited at some of these
locations. L&M used sites from within the
couny alorg with stations in surroundgn
counties. This increased the sample size,
which reduced the effect of each station's
unigue microclimate. Next, the most
representative MOS (Model Output Statistics)
control station was chosen (Table 1). The
couny averayes were then subtracted from the
monthly averages for that particular MOS site.

This difference is then added or subtracted
from the MOS forecast to provide a “first
guess’guidance estimate for each coynt

An evaluation of the MOS Interpolation
Program couny level-guidance, Youg and
Rezek (unpublished and undistributed), from
here on referred to as MIP, will also be
presented. Instead of produgia couny
averge temperature qdstment like L&M,
MIP will produce an adistment factor for an
site @enerall cooperative observer sites) that
have montht climatolagical normals. An
adustment factor is also calculated for the
probability of precipitation (POP). Each site
is paired with one or more MOS control
station(s). If more than one MOS station is
selected, an office can either allow each MOS
station to provide equal influence to the
adustment, or thegcan allow one of the MOS
stations to cayr more “weght’. This
weighting factor mght be used if one of the
MOS stations is closer to thguidance site
geagraphicaly or if the none of the MOS
stations are in the same climatgikal region,

but one MOS station is more similar than the
other. After the sites and their MOS stations
(and any weighting factors) are selected, MIP
calculates the adstment similar to L&M.

2. METHODOLOGY
To test each technique in yarg climatic

regimes, eleven cooperative observer
locations were chosen thrghout West



Virginia and Southwest Mgnia (Fig. 1).
One site was selected in each of the old
climatic forecast zones for which the NWS
office in Charlestormprepared zone forecasts.
Charlestons' forecast area at the time of the
study rarged from the lowlands of West
Virginia (zones 2-6), characterizey tolling
hills, to the West Viginia mountains (zones
7-9) with elevations more than 4000 feet. The
topography in Southwest Viginia (Virginia
zones 15 and 16) is a series of mountains
seoarated l§ elevated vallgs.

Each of the coumttenperature apistment
programs were run real time twice ayda
between Mg and Awust of 1993. A
statistical anafsis was then done for each
site's forecast teperature dparture. The
primary verification measures were Mean
Absolute Error (MAE), . 1, and the
arithmetic mean X), Eq. 2, and standard
deviation (%), Eq. 3.

MAE=(X|T,-T,|)/n (1)
x=Y(T,-T,)/n )
Xsn = V(X2 - (Xx)?n)) / n) 3)

Where n is the number of forecastsjslthe
adjusted temperature (ifF), T, is the
observed temperature’Fj, and x is the
difference between the adjusted and the
observed temperatures; €1T,).

MAE is an indicator of the true departure of
the forecast from the observed maximum or
minimum temperature. Its draw back,
however, is that one does not know whether
the forecasts are consistently above or below
the observed temperature. The arithmetic
mean, provides forecast bias. However, for
the arithmetic mean, a departure of €EO
can cancel a departure of -1B to give a

mean of zero. Therefore, the standard
deviation must also be used to examine the
spread of the data. A value greater than zero
shows a forecast warmer than the observed
temperature, while a negative mean suggests
a forecast cooler than observed. A percent
improvement over MOS was also calculated
by comparing the MAE of MOS and the
particular technique from Eq. 4.

IMP MOS = (( MAE, - MAE, )/MAE,, ) * 100
(4)

Where IMP MOS is the percent improvement
over MOS, MAE, is the MAE for MOS and
MAE, is the MAE for the particular
supplemental guidance.

The data were analyzed in two different ways.
First, an analysis was produced for each 12-
hour forecast period out through 60 hours.
The first period is the period between 12 and
24 hours from the beginning of the model run,
with the second period running from 24 to 36
hours, etc. This analysis was conducted to
test if the skill of the technique differed with
time. Secondly, for the first period only, both
forecast techniqgues were analyzed for
differing amounts of cloud cover.

3. RESULTS
a. General Performance

0000 UTC Cycle

Since both of the supplemental guidance
programs were tested in varying climatic
regimes, it was decided that verification
would be calculated on both overall
performance and how the guidance did
throughout the test region. For the 0000 UTC
cycle, L&M county guidance produced
guidance 8.8% better than MOS (FIMAE



to 3.4°F). Although L&M produced the same
MAE for both maximum and minimum
temperatures (from here on referred to as
maxs and mins), greater inprovement over
MOS was obtained on the maxs, 11.4% to
8.8%. The MAE for the MOS maxs mgad
from 2.1°F to 5.8°F, while L&M’s guidance
had MAE’s raging from 2.1°F to 6.7°F
(Table 2). At gyht of the 11 test locations,
L&M maximum tenperature guidance did
better than MOS, at two locations MOS was
better, leavig one location where the
performance was the same. Th@iovement
over MOS for L&M ramed from a ngative
148.1% at Burkes Garden to positive
165.7% at Pineville.

Both Burkes Garden and Pineville arequd
and thereforprovided different tests. Burkes
Garden is in an elevated vallen Tazewell
Couny Virginia, which is surrounded yb
mountains on all sides. Under certain
conditions its terperatures vargreatly from
other locations in the count Therefore
L&M’s guidance, which was for Tazewell
County as a whole, did not forecast this
microclimate vey well. As a corparison
MIP, which forecasted for Burkes Garden
only, improved over the MOS forecasty b
37%.

Pineville (elevation 1,280 ft.), which is in the
Southwest Coal Field of West inia, is
located in a different climatic geme than
Beckley (elevation 2,504 ft.) the MOS control
site. Becklg, which is located in the
Southern Mountains and is more than 1,000
feet hgher, routingf has much colder
maximum terperatures than Pineville, but has
similar minimum terperatures. Therefore the
Beckley MOS routiney underpredicted the
maximum terperaturesgiving the Wyoming
Couny guidance an unreasongblhigh
improvement over MOS. Forecasters in

Charleston would not use the BegkMOS to
forecast a tgh tenperature in the Coal Fields.
If these two urgue locations are removed,
L&M's guidance inproves to around 12%.

L&M 0000 UTC minimum terperature
guidance had gher Mean Absolute Errors
than the maximum teperatureguidance. At
only five of the 11 locations did L&M mins
produce lower MAE than MOS (at four
locations MOS had a lower MAE and at two
locations the MAE was the same). Altlgbu
the rage of the MAE was smaller for L&M
(2.7 °F to 3.8°F versus 1.7F to 5.3°F for
MOS), L&M was as much as 64% less
accurate than MOS.

The L&M guidance was similar in both the
West Vimginia mountains and lowlands
(Figure 2). The MAE in both areas was 2.5
°F for maxs and 3.%F for mins. In Southwest
Virginia, the MAE for maxs were 2% and
3.3°F for mins. Corpare these numbers to
the MOSguidance whiclproduced a MAE of
4.0°F for maxs in the lowlands and 3®in
the mountains. Thus, L&M showed a 37.5%
improvement in the lowlands cquared with
16.6% in the mountains. The saipettern
occurred for the minimum teperature
guidance, as MO$roduced a MAE of 3.2

in the lowlands and 2.& in the mountains,
therefore theercent inprovement for L&M
was 3.1% in the lowlands, but -10.7% in the
mountains.

L&M tried to desgn theirguidance to remove
the urban heat island affeget at seven of the
10 locations, the mean wapasitive 0.5°F or
greater, with two locations hawgra mean of
less than zero. Maximum t@eratures were
warmer than mins, with an arithmetic mean of
+1.2 °F versus +0.9F . This shows that
L&M'’s guidanceroduced a forecast that was
routinely too warm.



MIP meanwhilgoroduced a MAE of 2.Z for
maxs (37.1% improvement over MOS), but
ballooned to 3.5°F for mins, resultig in
guidance that did 2.9% worse than MOS.
MIP provided better guidance in the
mountains versus the lowlands for both maxs
and mins, with an avega MAE of 2.1°F
versus 2.6°F and 3.2°F versus 3.6°F
regpectively. In the two southwest \Wmia
locations, the MAE for maxs was PH (50%
improvement over MOS) and 3°6 for mins
(28% inmprovement).

While MIP was better at 10 of the 11 test
locations for the maximum tgmarature
guidance, it on} provided betteguidance for
mins at four sites (MOS was better at six
sites). MIP's mean was yetlose to zero for
the mountains and Southwest yiiria
locations for both the maxs and mins, with
only Oak Hill havig a mean (for its’
maximum)greater than one. In the lowlands,
however, MIFproduced a strapwarm bias in

both maxs and mins, since all locations had a

mean of +0.7°F with a hgh of +3.3°F at
Spencer.

Both guidance techigues were angted for
the four different forecagteriods (Table 4).
The MOSguidance was similar with a MAE
of 3.5°F for the first thregoeriods, and then
3.4°F for the fourth. L&M was most efficient
in the firstperiod with a MAE of 2.9F. For
the other threperiods theguidanceproduced
about the same results with a MAE of &1
3.2 °F and 3.1°F regpectivey. MIP
meanwhile showed no additional skill in the
early periods versus the lat@eriods, as the
averge MAE was 2.4F in the firstperiod
and 2.3°F in the third (max teperature
guidance) and 3.4F in both the second and
fourth (min tenperatures).

1200 UTC Gcle

Overall, results of the 1200 UT@de (Table

3) were vey similar to 0000 UTC with the
L&M guidanceproducirg a MAE of 3.1°F.
Improvement over MOS increased to 12.5%
(15.1% if Pineville and Burkes Garden data
are used), as both the maximum and minimum
tenperatureguidanceposted a tgher skill
compared with 0000 UTC. L&Mguidance
produced a MAE for max teperatures of 3.1
°F and 3.2F for mins. With MOSroducirg

a MAE of 3.6°F for maxs and 3.7F for
mins, L&M showed a 14.3% and 10.8%
improvement regectively (if Pineville and
Burkes Garden are removed, the MAE for
maximumguidance from L&M fell to 3.0F
while minimum tenperatures were the same).

Across the rgion, the MAE or maximum
tenmperatureguidance raged from 2.3°F to
6.9°F for L&M while for MOS it varied from
2.4 °F to 5.5°%. Althowgh the percent
improvement increased, L&Muidance was
not as dominant, oploutperforming MOS at
six of the nine remaingnlocations. The MAE
for minimum tenperatureguidance for MOS
rarged from 2.7°F to 5.4°F while L&M
showed a smaller rge of 2.6°F to 4.2°F.
L&M outperformed MOS seven of the 11
locations for both max and mins, but MOS
manaed to do better at four locations for

maximum terperatures and three for
minimum.
Although the MAE for maximum

temperatures was 2.°F (2.8°F in Southwest
Virginia) in both the lowlands and mountains,
once @ain a lager percent inprovement
occurred in the lowlands (34.1% vs. 3.6%)
because MOS was more accurate in the
mountains. Theercent inprovement for the
one remainig Southwest Viginia location
was 37.8%. Theattern r@eated gain with



the 1200 UTC mins as a L&M had a MAE of
3.1 °F all rggimes, but with improvement
higher in the lowlands (11.4% in the lowlands
conpared to zero iprovement in the
mountains and 39.2% in Southwestgima).
L&M guidance for 1200 UTCproduced a
warm bias, as the arithmetic mean for
maximum terperatures was 0.9, but was
0.3°F for minimums.

Although the 1200 UTC MIPguidance
produced the same overall MAE of 2E for
maxs it rose to 3.F and for mins it
decreased to 2°F. When corpared to MOS,
MIP performed well, showig a 16.6%
improvement on max teperatures and 27.0%
for mins. MIP produced better maximum
tenmperatureguidance at gt of eleven sites
and better minimum teperatureguidance at
ten of the eleven sites.

The 1200 UTCguidance did noproduce a
substantial} lower MAE in ary one period
(Table 5). While L&M had the same MAE
through the first threeperiods, MIP had
similar a MAE for maxs and mins,
independent of time.

b. First Period Performance

An additional analsis was done usinfirst
period data to see howgdementalguidance
performed under vging cloud cover. Due to
the small number of forecasts with a
forecasted cloud cover, this aysik combined
both the 0000 UTC and 1200 UTC data. The
forecast cloud cover was broken down into
four catgories: clear (0-1 tenths coves);
scattered (2-5 tenths); broken (6-8 tenths) and
overcast (9-10 tenths).

The statistical data base for clear skies was
very small, between five and 10 occurrences,
so ary anaysis of that data must be takenyer

cautiousy.  Overall, MOS showed the
anticipatedpattern, with a MAE of 4.6F for
clear skies, dnmping to 3.2 °F MAE for
overcast skies (Table 6). Southwestgifira
also showed increaginskill as the cloud
cover increased, dpping from 6.9 °F for
clear skies to 3.2 for clouds skies. In the
West Viginia lowlands a similapattern was
followed, as the MAE starts at £5for clear
skies then falls to 3.2 degrees for broken
skies, until it reponds a little to 3.8F under
overcast conditions. In the mountains
however, the MAE for scattered skies (£
was similar to overcast skies (2F), while
broken skies (3.2F) showed onl better
verification than clear skies (3°F).

L&M and the MIP guidanceproduced the
same pattern both overall, and in each
geaographical break down. Verification under
scattered skies was similar if not better than
under broken or overcast skies, while for clear
skies it lagged well behind. For exgpte, the
MAE under scattered conditions was 2k
degrees, while for broken and overcast skies
the MAE was 3.TF for both. A MAE of 3.7

°F degrees was calculated for the few clear
skies cases. Overall verification for MIP had
a MAE of 2.4°F under scattered skies, 2
for broken skies and 2.9 under cloug
skies. The MAE for MIP under clear skies
was 3.7°F.

4. SUMMARY

Overall both L&M and MIP provided
valuable information for the forecasters to use
whenpreparing forecasts for the countevel
zones. Imrovement over the nearest MOS
location averged between five and 10%, with
some locations showgnmore inprovement,
while for a cople of locations, MOS out
performed the coumtlevel guidance. The
verification scores for the L&Mguidance



were similar in differiig geagraphic regions,
while MIP performed better in the mountains
of West Vimginia and Southwest \ignia than

in the lowlands.

Although L&M county guidance did better in
the firstperiod of the forecast, with increagin
MAE in the third and fourtlperiods on the
0000 UTC gcle, thispattern did not reeat
when the 1200 UTC data was ayrdd. The
MIP had a similar MAE for both maxs and
mins, as the first and thirgeriods were
similar, while the scores for the second and
fourth were corparable. Neitheguidance
showed a pattern of proficiency under
differing cloud covers. Both techiies were
the similar under scattered, broken and
overcast skies. GenenaMAE's under clear
skies were Igher, but the statistical data base
was not hgh enogh toprovide confidence in
the results.

Great care must be taken when chogsire
control MOS station for either teclyuie, or
even the coperative observer stations used in
calculatirgthe couny averges. Althogh the

control station does not have to be in the same

climatic reggime as the coumgt an
inappropriate control station can endpu
providing poor guidance to the forecaster.
The same effect can occur if a peoative
observer station is added (or omitted) from a
surroundig county. The averge
tenperatures for the affected coyntill be in
error, and therefore so will be the forecast.

A survey of the forecasters at Charleston West
Virginia, revealed that the ppemental
temperature aplistment information was used
occasionalf, with the usge lit between
grouping counties into a forecast zone and
producirg an actual forecast tgparature. Itis
the author's ginion that both techques
would be the most hglul to newer

forecasters who are notq@inted with the
old climatolagjical zones, as tlyeprovide
guidance forgrouping of the coung zones.
Although the climatolgical zones are a useful
reference, these teclgpies alsoprovide a
startirg point for the forecast. The more
experienced forecasters will also find the
sypplemental guidance hedful in the fine
tuning of the tenperature forecasts.
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Table 1.MOS control and cquerative observer sites and their elevations for locations used in
this stug.

MQOS Control Stations

Station Abbreviation Elevation (ft.)
Beckley, WV WSO AP BKW 2,504
Bluefield, WV FAA AP BLF 2,870
Bristol, TN WSO AP TRI 1,525
Charleston, WV WSFO AP CRW 1,015
Elkins, WV WSO AP EKN 1,992
Huntington, WV WSO AP HTS 827
Morgantown, WV FAA AP MGW 1,240
Parkersbuy, WV FAA AP PKB 831
Roanoke, VA WSO AP ROA 1,140

Cooperative Observer Stations

L&M MIP

Control Control
Station Count Abbreviation Elevation (ft.) Station Station(s)
Burkes Garden Tazewell, VA BURV2 3,300 BLF 50% BKW/50% TRI
Creston Wirt, VA CREW2 650 PKB 67% PKB/33% CRW
Lewisbug FAA AP  Greenbrier, WV LWB 2,287 BLF 50% BKW/50% ROA
Oak Hill Fayette, WV OAKW2 2,330 BKW BKW
Parsons 1 SE Tucker, WV PSNW?2 1,680 EKN EKN
Pineville Wyoming, WV PINW2 1,280 BKW 67% BKW/33% CRW
Pulaski 2 E Pulaski, VA PSKV2 1,850 ROA ROA
Ripley 4 NNE Jackson, WV RIPW2 610 PKB 50% CRW/50% PKB
Spencer 1 SE Roane, WV SPEW2 740 CRW 50% CRW/50% PKB
Webster $rings 1 E  Webster, WV WEBW?2 1,540 EKN EKN
Weston Lewis, WV WTNW?2 925 MGW 67% MGW)/33% PKB



Table 2. Overall verification of both Leffler and McGovern (L&M) and Yauand Rezek
(MIP) techngues for the 0000 UTCycle, based on arithmetic meax),(Mean Absolute Error
(MAE) and Percent Iprovement over MOS (IMP MOS). Values ferand MAE are irfF,
while IMP MOS is inpercent.

MOS
n
Creston maximum 141
minimum 136
all 277
Ripley maximum 119
minimum 129
all 248
Spencer maximum 72
minimum 78
all 150
Weston maximum 124
minimum 124
all 248

Pineville maximum 127

minimum 128
all 255
Oak Hill maximum 123
minimum 125
all 248

Lewisbug  maximum 116

minimum 114
all 230
Parsons maximum 94
minimum 96
all 190
Webster maximum 84
Springs minimum 85
all 169
Pulaski maximum 127
minimum 128
all 255
Burkes maximum 116
Garden minimum 113
all 229
Overall maximum 1243
minimum 1256
all 2499

x  MAE
36 3.8
-3.2 4.0
0.2 39
09 21
-03 24
0.2 23
23 29
24 34
-0.2 32
39 46
-0.7 3.0
16 3.8
56 5.8
-1.4 3.0
35 44
24 29
-0.7 17
09 23
29 36
-19 34
0.5 3.5
09 23
21 34
15 28
15 31
1.1 27
13 29
-3.4 40
41 47
-3.7 4.3
20 27
-45 53
-3.2 4.0
-1.7 35
1.3 34
-0.2 34

1277
1291
2568

L&M

n X

132 24 3.0 211
132 09 34 15.0
264 1.7 32 17.9%

124 -10 21 0.%

127 1.6
251 0.3
76 25
85 1.0

161 1.7 29 9.3

125 28 39 152
127 20 33 -10.09
252 24 36 5.3

130 0.8 2.3 165.7
131 1.9
261 0.7 27 384

122 14 23 20.7§
126 1.7
248 15

122 1.5 27 25.09
120 -28 3.8 -11.89
242 06 33 5.1

101 09 22 4.39
29  14.7%
11 26 7.1

102 1.4

203

93 14 29 6.4%
91 1.1
13 28 3.4

184

132 0.1 2.4 40.09
132 13 34 27.79
264 07 29 324

120 -6.5 6.7 -148.1
118 -0.1 3.2 39.69
238 -3.3 -5.0 -25.

-05 31 114
-09 31 8.89
-0.7 31 8.89

IMP
MAE MOS

29 -20.8%
25 -8.69

31  -6.9%
28 17.6%

3.0 0.%

2.8 -64.79
2.6 -13.09

2.7 0.%

o o

MIP

49
49
98

45
44
89

37
37
74

53
51
104

54

54
108

524

530
1054

IMP
MAE MOS

25 27 28.9%
1.2 37 7.5%
18 32 17.9%

-08 19 95%

3.3 3.7 -542%
1.2 28 -21.7%

33 34 -147%
19 36 -59%
25 35 -94%

22 3.0 348%
3.0 41 -26.8%
26 35 7.9%

0.7 2.0 655%
0.7 3.0 0.%
0.7 25 432%

-5 21 27.6%
0.7 3.0 -76.5%

-04 26 -13.0%

01 22 38.9%
-0.3 35 -2.9%
02 29 17.1%

01 15 348%

-03 28 17.6%

01 21 25.0%

-0.3 23 25.8%

04 31 -14.8%
00 27 6.9%

-1.3 1.8 55.0%
05 37 21.3%
-04 2.7 37.2%

0.1 17 37.0%
03 35 34.0%
01 26 350%

-04 22 37.1%
-1.0 35 -2.9%
-0.7 28 17.6%



Table 3. Same as Table 2, exatdfor the 1200 UTC ycle.

Creston

Ripley

Spencer

Weston

Pineville

Oak Hill

Lewisbug

Parsons

Webster

Springs

Pulaski

Burkes
Garden

Overall

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

maximum
minimum
all

MOS

n

124
121
245

126
130
256

108
108
216

144
143
287

146
147
293

128
128
256

142
141
283

104
100
204

103
98
202

136
137
273

136
131
267

1397
1384
2781

x  MAE
34 42
3.7 43
-0.1 43
03 24
-0.9 28
-0.3 26
14 32
-3.4 39
-1.0 3.6
31 47
-09 3.6
16 38
49 55
1.8 32
3.3 44
21 29
-0.6 27
08 28
-23 33
-1.8 3.8
0.3 3.5
.0 28
21 3.2
15 3.0
11 21
15 3.0
1.3 25
41 45
-4.3 49
-4.2 47
-24 33
44 54
-3.4 4.3
-1.2 3.6
14 37
01 37

L&M
IMP
n x  MAE MOS
126 1.7 34 19.0%
130 06 34 20.9%
256 12 34 20.9%
126 -0.6 25 -4.2%
132 1.2 28 0.%
258 -01 27 -3.89
95 19 34 -6.3%
104 02 26 33.3%
199 1.0 3.0 16.1%
143 27 42 10.6%0
143 19 37 -28%
252 24 36 5.3%
136 02 23 582%
143 -20 31 3.1%
279 12 27 38.4%
134 11 25 13.8%
134 1.9 3.0 -11.1%
268 15 27 3.69
143 0.8 28 151%
139 -33 4.2 -10.5%
282 -12 325 0.%0
108 -0.7 26 7.1%
106 13 27 157%
214 1.0 26 13.3%
101 07 28 -33.3%
97 1.3 28 6.79
198 -1.0 28 -12.0%
139 -0.3 28 37.8%
138 1.1 3.0 38.8%
277 04 29 38.3%
135 -35 6.9 -109.1%%
130 -0.3 3.2 40.7%
265 -19 51 -18.4%
1386 04 31 13.9%
1396 -0.6 3.2 13.5%0
2782 -01 31 15.1%

10

MIP
IMP
n x  MAE MOS
71 36 40 4.8%
72 12 3.2 256%
143 24 36 16.3%
71 -2 24 0%
73 20 3.1 -10.7%
144 04 27 -3.8%
72 -3.6 3.6 -12.5%
73 18 32 17.9%
145 22 34 55%
78 20 33 29.8%
81 21 31 13.9%
102 26 35 7.9%
82 00 26 52.7%
82 13 26 18.8%
164 06 2.6 40.9%
76 -1.0 26 10.3%
74 05 22 18.6%
150 -03 24 143%
78 0.0 3.0 9.1%
77 0.0 25 342%
155 0.0 27 22.9%
56 03 23 17.9%
34 02 23 281%
110 0.0 23 23.3%
55 -1.0 3.2 -52.4%
53 -04 20 33.3%
108 0.7 26 4.0%
73 0.7 29 5.6
72 09 29 40.8%
145 01 29 383%
78 -0.3 26 21.2%
79 00 21 61.1%
157 -0.2 23 46.5%
790 -04 3.0 16.6%
771 09 27 27.0%
1561 03 28 22.7%



Table 4. Verification of Leffler and McGovern (L&M) and Yognand Rezek (MIP) for the 0000 UTC modgtle, based on
arithmetic meanx), standard deviation (), Mean Absolute Error (MAE) and Percentdrmvement over MOS (IMP MOS),
stratified ly forecasperiod. Maximum terperature forecasts are in bold. Valuessf@nd MAE are irffF, while IMP MOS is

in percent MOS L&M MIP
IMP IMP
n x X, MAE| n x X, MAE MOS n x X, MAE MOS
Creston 1st Period 69 3.8 259 3.8 65 26 274 3.0 211pp 21 27 262 28 26.3%
2" pPeriod 66 -3.1 4.58 4.2 65 09 472 37 119% 21 13 517 40 4.8%

39 Period 72 34 326 3.7 67 22 351 30 189% 28 24 288 26 29.7%
4"period 70 -34 351 3.8 67 1.0 390 3.0 21.1% 28 11 430 35 7.9%

Ripley 1*Period 54 1.6 2.06 1.6 60 -0.3 211 17 -63% 22 -02 242 20 -25.0%
2¥period 63 0.0 3.16 24 63 1.7 3.79 32 -33.3% 22 39 280 4.1 -70.8%
3% Period 65 0.3 288 2.2 64 -18 385 26 782 23 -14 181 19 13.6%
4" period 66 -0.7 3.23 25 64 15 3.07 27 -8.0M 22 27 269 32 -28.0%

Spencer 1*Period 36 2.3 255 27 38 25 271 29 -74% 19 36 250 3.6 -33.3%
2" period 40 -2.8 327 3.6 43 1.1 3.02 26 27.7% 23 24 365 3.7 -27%
39 Period 36 23 321 3.1 38 24 348 32 32 22 30 278 32 -3.2%
4" period 38 -20 349 3.2 42 09 343 30 6.3p0 24 13 399 35 -9.4%

Weston 1*Period 63 3.9 333 45 63 2.7 334 37 178 22 26 267 29 356%
29 period 63 -0.6 3.78 3.1 65 19 327 32 -3.2% 25 29 387 41 -32.3%
3% Period 61 4.0 4.19 47 62 29 419 41 128 25 19 333 3.0 36.1%
4" period 61 -08 3.71 3.0 62 22 373 33 -10.0% 27 31 430 41 -36.7%

Pineville 1% Period 64 6.0 249 6.0 65 1.0 253 1.7 588% 28 09 261 18 7.0%
2"period 65 1.4 354 3.0 65 19 322 30 09 26 0.7 366 31 -3.3%
39 pPeriod 63 5.2 361 5.7 65 0.6 351 25 561% 30 06 3.13 22 61.4%
4" period 63 14 354 3.0 66 2.0 323 30 09 29 07 362 30 0%
Oak Hill 1% Period 62 2.6 255 3.0 62 1.6 255 24 200% 24 -07 251 19 36.7%
2" period 63 -0.7 295 24 64 18 288 28 -167% 25 0.6 4.04 3.2 -33.3%

39 Period 61 22 311 29 60 11 292 23 20.7% 23 -24 193 24 17.2%
4" period 62 -06 3.18 2.6 62 16 3.00 28 -7.7 23 07 335 28 -7.7%

Lewisbug 1%Period 58 3.0 3.10 3.7 61 18 261 28 243 27 00 297 22 40.5%
29 period 57 -1.8 430 3.7 59 -2.7 4.03 39 -54M% 29 0.0 4.83 3.6 2.7%
3% Period 58 2.8 3.08 34 61 13 314 27 34% 32 -02 298 22 353%
4" period 57 -2.1 3.89 3.2 61 -3.0 412 3.7 -156% 30 -05 438 34 -6.3%

Parsons 1* Period 47 0.9 284 22 51 0.8 275 20 9.1% 18 06 1.34 11 50.0%
2" period 47 2.7 3.07 27 51 1.7 299 28 3.7p6 17 09 339 25 7.4%
3% Period 47 0.9 313 24 50 09 311 24 0.%4 16 -05 292 20 16.7%
4"period 49 16 371 34 51 0.8 367 3.1 8.8 17 -15 413 31 8.8%

Webster 1* Period 42 1.8 346 3.0 47 16 330 27 3700 17 03 256 22 26.7%
Springs 2"period 42 1.3 327 26 45 1.2 329 27 -3.8 17 14 388 3.1 -19.2%
39 Period 42 13 422 3.2 46 12 4.08 3.1 31% 20 -09 3.00 25 21.9%

4"period 43 10 3.11 27 46 1.0 3.10 26 3.7po 20 -05 373 31 -14.8%

Pulaski 1% Period 62 -3.6 3.17 4.0 65 -0.1 317 24 40.0% 25 -15 325 15 62.5%
2"period 64 -40 3.96 4.6 66 1.1 3.61 3.0 348% 24 -02 432 35 23.9%
3 Period 65 -3.2 351 4.0 67 0.3 361 25 3750 28 -1.1 270 2.1 47.5%
4" period 64 -4.1 4.46 48 66 15 440 38 208% 27 11 429 38 20.8%

Burkes 1* Period 57 -1.7 235 24 59 -6.2 284 6.4 -166.7pp 26 0.0 2.03 1.7 29.2%
Garden 2" Pperiod 55 -45 427 53 58 0.7 3.85 3.0 434% 25 -0.2 434 35 34.0%
39 Period 59 -2.2 3.02 3.0 61 -68 336 7.0 -1333pp 28 -03 226 1.7 43.3%
4" period 58 -44 4.64 5.4 60 -0.3 435 35 352% 29 08 436 36 33.3%
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Table 5. Same as Table 4, exatdfor the 1200 UTC modelycle.

Creston

Ripley

Spencer

Weston

Pineville

Oak Hill

Lewisbug

Parsons

Webster

Springs

Pulaski

Burkes
Garden

1st Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

1 Period
2" Period
3 Period
4" Period

n

61
62
60
62

65
63
65
63

53
52
55
56

72
71

71
73

74
72
73
74

64
63
64
65

67
70
74
72

51
51
49
53

66
68
65
68

MOS

X
-3.2
3.3
-4.2
3.6

-0.6
0.4
-1.1
0.2

-3.6
1.6
-3.2
11

-0.6
3.0
-1.3
3.3

1.6
4.7
2.0
5.0

-0.8
1.9
-0.3
2.2

-2.0
2.2
-1.6
2.5

2.5
0.6
18
13

1.6
1.2
1.4

-4.3
-4.3
-4.4
-4.0

-4.2
-2.4
-4.6
-2.5

3.33
3.99
4.08

3.57
2.90
3.61
3.16

2.92
3.35
3.54
4.13

4.62
4.62
4.63
4.72

3.38
3.27
4.00
4.28

3.03
3.15
3.06
3.19

4.96
3.21
4.40
3.40

291
2.90
3.51
4.01

3.43
3.52
3.72
3.95

3.74
3.48
4.16
3.59

4.62
2.72
4.16
3.67

X,, MAE
437 4.1

3.8
4.5
4.6

2.6
2.2
3.0
2.5

3.9
3.0
3.9
3.4

35
4.6
3.9
4.9

2.9
5.2
3.6
5.9

3.0
2.7
2.3
2.3

4.1
3.1
3.6
35

3.1
2.3
3.3
3.3

2.8

53
3.0
5.6
3.6

n

64
65
66
61

66
63
66
63

54
46
50
49

70
71

73
72

72
72
71
64

67
66
67
68

69
71
70
72

54
53

52
55

67
66
63
69

L&M

IMP
X X, MAE MOS
0.8 4.40 35 14.4
20 344 31 184
04 428 33 267
1.4 434 37 196
1.5 3.38 29 -11.5
0.8 3.00 23 -45
08 350 27 18
1.1 334 26 -40
0.1 298 23 414
1.8 365 3.2 -6.7
06 351 29 254
1.9 404 36 -59
2.4 424 40 -14.3
2.4 418 39 152
15 416 29 2586
29 450 45 81
1.9 293 29 09
02 279 19 635
21 328 32 111
03 406 29 508
1.7 288 27 3.3
1.0 3.08 23 148
22 289 31 -349
12 320 2.7 129
3.7 444 45 98
0.8 349 25 194
29 424 40 -11.1
08 378 31 114
1.5 2.83 25 194
03 3.02 22 43
1.0 3.38 29 121
-0 344 29 121
1.7 351 30 -7.1
09 357 27 3.6
09 335 27 100
06 379 29 147
1.1 343 2.8 484
0.3 361 2.6 435
1.0 3.90 3.1 3804
04 379 30 318
06 418 3.4 359
6.7 277 6.8 -1267
0.0 384 29 487
6.2 427 7.0 -94.4

12

%

n

X
36
35
36
36

37
33

36
38

39
35

34
37

42
38

39
40

43
40

39
42

37
36

37
40

41
37

36
41

26
28

28
27

40
39

39
39

MIP
IMP
X,n MAE MOS
11 364 31 24.3%
39 323 41 -7.9%
1.3 395 383 26.7%
33 340 4.0 13.0%
19 329 31 -192%
-0.9 313 22 0.%
20 310 3.0 0.%
-1.3 290 25 0.%
22 326 3.0 23.1%
33 343 4.0 -33.3%
14 380 34 12.8%
20 350 33 2.9%
23 389 36 -2.9%
22 364 33 28.3%
1.9 271 25 359%
19 387 34 30.6%
11 316 27 2.7%
0.3 356 24 53.8%
16 248 25 30.6%
-04 375 2.7 542%
01 280 20 33.3%
-25 196 25 7.4%
09 287 25 -87%
01 335 20 355%
0.1 332 26 36.6%
-0.2 413 3.0 32%
0.2 304 24 333%
0.2 370 3.0 143%
03 257 21 322%
-0.5 293 24 -43%
0.1 358 24 27.3%
0.0 288 23 30.3%
01 275 23 17.9%
-0.9 389 3.1 -10.7%
0.7 241 17 43.3%
-1.1 3.73 33 2.9%
09 378 26 447%
-09 415 3.0 34.8%
09 429 32 36.0%
-04 365 28 36.4%
-06 267 24 547%
-0.5 355 25 16.7%
05 241 19 66.1%
-0.1  3.07 26 27.8%



Table 6. Firstperiod verification (data for 0000 UTC and 1200 UTC were combined) of both Leffler and McGovern (L&M)
and Yourg and Rezek (MIP), usinarithmetic meanx), population standard deviation (¥, Mean Absolute Error (MAE) and
Percent Improvement over MOS (IMP MOS), broken dowy forecast cloud cover. Values ferand MAE are irfF, while

IMP MOS is inpercent. MOS L&M MIP
IMP IMP
n x X, MAE| n x X, MAE MOS n x X, MAE MOS
Spencer Clear 8 -35 296 4.0 7 01 253 21 465K 4 15 350 38 6.3%

Scattered 35 -0.6 4.33 3.6 35 13 331 28 22.2% 19 08 252 21 40.7%
Broken 18 -0.8 3.76 29 18 18 3.04 29 -1.7K 7 29 258 31 -87%
Overcast 12 -2.0 4.28 3.7 12 0.8 347 28 24.94% 9 10 371 28 251%

Weston Clear 13 0.1 6.84 58 14 16 522 46 20.8% 7 29 514 51 10.9%
Scattered 49 10 450 4.1 41 24 410 38 7.4% 29 18 379 36 12.1%
Broken 19 26 4.03 41 26 35 248 3.8 222 7 24 226 3.0 259%
Overcast 21 -0.7 3.67 28 20 18 3.61 34 -214% 9 30 205 32 -16.7%

Creston Clear 14 -13 564 4.7 14 05 5.09 38 187 7 03 345 29 39.3%
Scattered 43 1.0 527 4.2 43 16 391 33 20.5% 18 18 3.02 28 325%
Broken 16 0.8 422 33 16 29 317 32 3.6po 5 08 193 16 51.5%

Overcast 10 -2.9 3.73 35 13 05 3.00 22 36.3% 4 18 293 26 257%
Ripley Clear 11 -10 379 3.2 10 05 396 29 88k 6 -0.8 437 35 -10.1%
Scattered 38 0.7 3.37 2.6 43 07 292 22 132% 20 14 285 27 -51%
Broken 22 01 1.73 1.4 18 08 219 19 -42.6M% 6 12 329 22 59.6%
Overcast 13 -2.2 424 3.1 13 12 325 25 17.94% 5 30 261 30 26%
Pineville Clear 4 -23 476 438 5 0 410 40 158% 1 -40 000 40 158%

Scattered 43 3.6 4.04 4.6 48 13 255 23 49.1% 23 05 310 21 53.3%
Broken 35 41 268 41 29 2.0 213 23 43.8% 14 11 279 25 39.2%

Overcast 28 4.1 3.09 4.3 28 22 320 35 189% 14 32 227 32 252%
Oak Hill Clear 4 20 534 4.0 4 13 497 48 -18.8W 2 40 400 40 0%
Scattered 34 05 3.07 25 41 11 209 19 231% 19 -0.7 229 19 235%
Broken 34 15 243 22 33 21 246 27 2196 14 06 320 2.7 -21.%
Overcast 29 13 327 28 27 21 287 30 94w 12 10 220 1.8 33.5%
Lewisbug Clear 4 -105 4.50-10.5 2 -11.0 4.85 11.0 -4.8% 2 55 450 55 47.6%

Scattered 38 -0.3 4.15 3.6 33 -19 423 38 -6.3% 18 -04 311 26 26.5%
Broken 30 12 526 35 30 0.1 500 37 16.8p6 14 04 4.03 33 26.4%
Overcast 31 0.8 3.76 3.0 31 -0.2 360 28 4.4% 13 05 234 21 30.0%

Parsons Clear 5 0 0.63 0.4 4 -02 040 0.2 50.04 3 -1.3 125 1.3 -232.5%
Scattered 31 19 261 2.6 33 11 3.08 22 12.2% 14 04 202 15 41.2%
Broken 20 24 211 27 20 1.8 223 25 9.3po 8 13 228 23 16.7%

Overcast 11 0.7 2.70 2.0 11 04 238 16 18.4% 6 13 197 20 0%
Webster Clear 5 04 301 28 5 0 329 28 0% 3 -17 205 23 16.8%
Srings Scattered 29 26 284 2.8 30 23 293 27 38% 12 09 278 24 12.3%
Broken 22 25 259 33 19 22 267 31 670 8 04 245 24 272%
Overcast 13 -1.9 3.73 2.7 15 05 278 2.0 25.4% 6 -22 203 30 -11.5%
Pulaski Clear 7 69 473 6.9 7 -19 419 33 5200 4 25 541 45 34.4%

Scattered 40 -3.6 3.37 4.2 40 06 3.04 24 44.0% 27 03 325 24 40.7%
Broken 23 -36 424 46 25 0.6 4.18 33 28.9M% 6 08 527 44 4.6%
Overcast 18 -3.4 3.15 3.6 17 15 318 27 249% 9 12 225 21 41.6%

Burkes Clear 3 -70 510 7.0 3 -3.0 374 3.7 A7.6)0 1 50 O 5.0 28.9%
Garden Scattered 33 -39 484 5. 35 -34 3.06 3.8 25|0% 17 -14 203 22 56.7%
Broken 34 -24 360 33 32 -25 463 4.4 -33.8 14 -04 241 20 39.6%
Overcast 29 -1.4 321 29 29 -0.7 596 5.0 -70.9% 13 18 180 19 34.5%
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Figure 1. West Virginia and Southwest Virginia zone boundaries prior to October 1, 1993.
Locations marked by a circle are MOS control sites, while locations marked by a square are
cooperativeobserver stations used in this study (see Table 1 for the names of the cooperative
observer stations).
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Figure 2. Improvement over MOS for both L&M and MIP supplemental guidance for the 0000
UTC cycle. The permanent improvement is listed for each of the 11 test locations.
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Figure 3. Same as Fig. 2, except for 1200 UTC.
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