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1. INTRODUCTION

Since the early 1970’s, the model output statis-
tics (MOS) weather forecast guidance system has
been a popular aid to forecasters. The MOS sys-
tem was initiated (Glahn and Lowry 1972) and has
been improved continuously by the Meteorological
Development Laboratory (MDL), of NOAA’s Na-
tional Weather Service. The guidance provides an
objective interpretation of the underlying numerical
weather prediction (NWP) model. The traditional
MOS guidance tunes the forecasts to the observa-
tions at specific stations. The MOS system dis-
cussed in this paper is called traditional because a
new MOS system is being developed within MDL
for gridpoints and is called gridded MOS (Glahn et
al. 2008), which is not in the scope of this paper.

The MOS system provides estimates for many
of the weather elements that the forecasters must
include in their products, such as probability of
precipitation (PoP), wind speed and direction,
temperature and dewpoint, and more. The guid-
ance products have been developed based on
NWP models of the National Centers for Environ-
mental Prediction (NCEP) and are provided for the
contiguous United States (CONUS), Alaska, Ha-
waii, and Puerto Rico.

Since 2005, new MOS forecast guidance prod-
ucts for the tropical western Pacific island sites
have been added to the existing MOS system.
These products are based on the model output of
the global forecast system (GFS, Alpert et al.
1991) and are provided for the islands in the area
from 15° S to 30° N and from 130° E to 170° W
(Su, 2005; 2007). Most of the subject area
overlaps with the tropical western Pacific warm
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pool, which has its sea surface temperature (SST)
higher than 28°C (Weier and Simmon 2001; Web-
ster and Lukas 1992). The warm pool has signifi-
cant impact on the atmosphere above and the cli-
mate in the world, through the interaction between
the atmosphere and the ocean. In this paper, the
performance of the MOS guidance over the warm
pool area will be evaluated and possible improve-
ment for the future MOS development will be ad-
dressed.

2. METEOROLOGICAL BACKGROUND

The warm pool lies in the tropical area from the
eastern Indian Ocean to the western Pacific
Ocean, with its core in the latter area. It is also
located under the ascending branch of the Walker
circulation (Bjerknes 1969). The atmosphere over
the tropical western Pacific warm pool area is
characterized by many scales and forms of con-
vection, large amount of annual precipitation, and
strong atmospheric heating. The warm pool has a
high variability over a wide range of timescales:
from minutes to years (Johnson et al. 2001). It
interacts with the atmosphere above in a complex
manner through heating, moistening, precipitation,
and evaporation (Lin and Johnson 1992; Johnson
and Lin 1997). It is perceived as a “center of ac-
tion” for the El Nino Southern Oscillation (ENSO)
phenomena in the atmosphere and the ocean.
Except for typhoons, the short range weather fore-
cast is not a high-impact subject in the area. In-
stead, numerous studies have been conducted on
the warm pool related subjects in the perspective
of climate.

Over the warm pool, there is a remarkable fea-
ture of the atmospheric circulation called Madden-
Julian Oscillation (MJO), which was first docu-
mented by Madden and Julian (1971, 1972, 1994).
An MJO event features a large scale, eastward
moving center of strong deep convection and pre-
cipitation (Zhang 2005). On both the east and
west sides of the MJO, there are weak
regions of deep convection and precipitation. The
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MJO is normally confined to the area over the
warm pool because the convective instability can
be sustained only over the warm sea surface. It
has a local period of 30-90 days. The MJO is an
isolated or discrete pulse-like event rather than a
wave. The MJO signal propagates eastward at an
average speed of 5 m/s across the equatorial In-
dian and western/central Pacific oceans. A dis-
tinct feature of the MJO is the episodic strong
westerly surface winds lasting up to 30 days.
Around the MJO, at the 850-mb level and near the
surface, strong westerly winds exist to the west of
the center of convection, and easterly winds on
the east side. The zonal winds reverse direction in
the upper troposphere at the 200-mb level; this is
referred to as the coupling of the MJO dynamics.
The interval between two consecutive MJO events
is irregular and their propagation speeds may
vary. The MJO has been one of the main re-
search themes in the study of tropical weather and
climate.

3. MODEL OUTPUT STATISTICS SYSTEM
3.1 General Description of MOS System

The MOS system consists of regression equa-
tions that express the statistical relationships be-
tween predictands and predictors. Predictors in-
clude the output variables from the underlying
NWP model which the regression equations are
based upon. The sinusoidal functions of the day
of the year are also used to account for the annual
and semi-annual variations of predictands. Ob-
served variables are also used as predictors
sometimes. In addition, there are computed pre-
dictors, such as vorticity and moisture conver-
gence, as well as binary and grid binary predictors
(Jensenius 1992) computed from original predic-
tors.

In the station-based MOS system, the predic-
tands are obtained for individual station locations,
and the model output predictors are interpolated
from the gridpoints to the stations. Predictands
are the weather elements to be forecast. They
have continuous values of some meteorological
variables, such as, temperature and dewpoint, and
probabilities of other variables, such as probability
of precipitation (PoP). For some predictands, a
group of regression equations are used to com-
pute categorical forecasts, such as quantitative
precipitation forecast (QPF) which provides prob-
ability forecasts of precipitation categories with
amounts of greater or equal to 0.01 in., 0.1 in.,
0.25in.,0.5in., etc.

3.2 Sample Data for MOS Development

To develop a MOS system based on an NWP
model, output data from a stable model is impor-
tant. Usually, at least two years of direct model
output data are needed. For continuous meteoro-
logical variables, such as temperature and dew-
point, regression equations for single stations can
be developed for individual seasons. For event
variables, such as precipitation, the sample is
usually small. For example, the average relative
frequency of precipitation in the CONUS is about
20%. In order to increase the event sample size,
stations with similar characteristics in a geographi-
cal region are combined to form a group, for which
one regression equation is developed. In general,
the developmental sample data are usually strati-
fied into seasons and geographical regions.

3.3 Development of MOS Equations

For the development of MOS equations, po-
tential predictors are provided based on the avail-
ability of variables from the underlying NWP model
output. Considerations of dynamics and physics
in the atmosphere are also taken into account
when potential predictors are chosen. The predic-
tors to be included in MOS equations are chosen
by a screening method called forward selection
procedure in the regression analysis (Glahn et al.
1991).

3.4 Operational MOS Products

Before implementation in the operations suite,
all the MOS equations developed are evaluated
and verified on test data. Skill scores are com-
pared with those of existing forecast guidance
products (if any), or the forecasts directly from the
underlying NWP model if nothing else is available
for comparison. Before the forecast guidance is
disseminated, some post-processing procedures
are also applied to some elements to ensure the
consistency of the forecasts.

The operational MOS products are dissemi-
nated in the form of alphanumeric messages, and
in the BUFR (World Meteorological Organization
2002) messages. Most of the MOS forecast guid-
ance is available for four cycles (0000, 0600,
1200, and 1800 UTC). The MOS guidance for the
island sites in the tropical western Pacific Ocean is
currently available for 0000 UTC and 1200 UTC
cycles only.



4. ANALYSIS APPROACH

The purpose of this analysis is to study the
skill of MOS forecasts at various locations over the
tropical western Pacific warm pool (Figure 1), and
to explore whether the MOS system could recog-
nize the coupling between the lower and upper
troposphere, observed during the episode of deep
convection within the MJO over the warm pool.

Locations of the 15 island sites (Figure 2) for
which NWS provides MOS forecast guidance, are
listed in Table 1, along with their International Civil
Aviation Organization (ICAO) Codes and eleva-
tions. Referring to the geographic location of the
warm pool, five island sites are selected for this
study. They are (a) Andersen AFB, Guam
(PGUA), (b) Pohnpei WSO, Micronesia (PTTP),
(c) Koror WSO, Palau (PTKR), (d) Midway Islands
NAS (PMDY), and (e) Pago Pago, American Sa-
moa (NSTU).

The locations of the aforementioned stations
relative to the tropical western Pacific warm pool
can be seen by comparing Figures 1 and 2. An-
dersen AFB is located outside but near the border
of the warm pool. Pohnpei WSO is located around
the border, Koror WSO is outside but close to the
border, and Midway Islands NAS is outside and far
away from the border of the warm pool. Pago
Pago, American Samoa is located in the interior of
the warm pool in the Southern Hemisphere.

In order to understand the possibility of cou-
pling between the lower and upper troposphere
reflected in the MOS system, the inclusion of pre-
dictors at the 200-mb and 850-mb levels in the
temperature and dewpoint forecast equations are
investigated. As a benchmark, we use the climate
data of the subject stations as a basic reference
for the discussion of analysis results found in Sec-
tion 7.

5. CHARACTERISTICS OF MOS FORECAST
EQUATIONS

For the western Pacific island sites, MOS
forecast equations were developed for two sea-
sons, two cycles (0000 UTC and 1200 UTC), and
for projections up to 84 hours. The temperature
and dewpoint forecast equations were developed
for projections of every 3 hours up to 84 hours.
For each projection, the temperature and dewpoint
forecast equations could include predictors from
three time points: 3 hours before the projection, on
the projection, and 3 hours after the projection.

Only GFS model output predictors are used in the
discussion in this section; no observed predictors
are included.

The selection of predictors on the 200-mb and
850-mb levels for each projection are shown in
Tables 2 and 3, respectively for two extreme
cases, Midway Islands and Pago Pago, American
Samoa. The purpose is to examine the contribu-
tions of predictors from the upper and lower tropo-
sphere, whence to explore the possibility of the
coupling between the two parts of the troposphere
in the MOS system. In those tables, the cell for-
mat shows the selection of predictors at the
3 hours around the projection. For example, at the
projection of 36 hours, the symbol “X _ 7
“ X " and “_ _ X" mean that predictors at
33 hour, 36 hour, and 39 hour, respectively, were
selected for the equation. The predictors on those
two levels that were selected include: temperature,
dewpoint, zonal wind component (u-wind), merid-
ional wind component (v-wind), wind speed, verti-
cal velocity, and grid binary of vertical velocity with

a break point of zero.

For Midway Islands NAS, the selections of
predictors from the 200-mb and 850-mb levels are
shown in Tables 2(a) and 3(a). No predictors are
selected from the 200-mb level up to 63 hour pro-
jection. From the 850-mb level, the selected pre-
dictors are dominated by meridional wind compo-
nent (v-wind) and temperature. However, no tem-
perature is selected beyond 39 hour projection.

Pago Pago, American Samoa is the only sta-
tion in the Southern Hemisphere for which the
NWS provides MOS forecast guidance. The se-
lection of predictors from the 200-mb and
850-mb levels are shown in Tables 2(b) and 3(b),
respectively. The selection of predictors from the
200-mb level at this station is significant. They are
dominated by the =zonal wind component
(u-wind), followed by vertical velocity. This implies
the impact of zonal wind and deep convection on
the MOS surface temperature and dewpoint fore-
casts. The selection of 850-mb predictors is domi-
nated by dewpoint, followed by temperature and
wind components. The selection of zonal wind
component and vertical velocity at the 200-mb
level, along with dewpoint and zonal wind compo-
nent at the 850-mb level, implies that the MOS
system is capable of simulating the coupling be-
tween the upper and lower troposphere, the deep
convection with supply of moisture in the lower
troposphere, and their impact on the temperature
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and dewpoint forecasts near the surface at this
station.

Although not shown in this paper, at Andersen
AFB, more temperature and dewpoint than other
predictors at the 200-mb level are selected. At the
850-mb level, the selection of predictors are scat-
tered among projections and predictors although
v-wind and wind speed are selected a little more
often but not significantly. This implies that the
thermodynamic factors in the upper troposphere
play a significant role on the temperature and
dewpoint changes near the ground, while both
thermodynamic and dynamic factors at the
850-mb level play equally important roles.

Few predictors are selected from the 200-mb
level at Pohnpei WSO. From the 850-mb level,
predictors selected are mainly wind speed, zonal
wind component (u-wind), and grid binary of verti-
cal velocity, especially wind speed. For the MOS
temperature and dewpoint forecasts at this station,
the 200-mb level has little contribution. The wind
speed at the 850-mb level has dominant impact on
the temperature and dewpoint forecasts.

At Koror WSO, few predictors are selected
from the 200-mb level. From the 850-mb level, the
selection is dominated by dewpoint, along with
wind speed and grid binary of vertical velocity al-
though the latter is selected for projections beyond
51 hours. Similar to Pohnpei WSO, the 200-mb
level has little contribution to the MOS temperature
and dewpoint forecasts.

Note that the MOS forecast equations used in
this discussion are for the period from November
to April, which corresponds to the boreal cool sea-
son and austral warm season. The results of
Pago Pago show that the MOS system can reflect
the coupling between the upper and lower tropo-
sphere and deep convection in the warm season.

Based on the discussion above, it is likely that
the MOS system is capable of simulating the cou-
pling between the upper and lower troposphere,
as well as deep convection over the warm pool.
The MOS system is based on the underlying NWP
model and the conclusion of this discussion im-
plies that it carries the capability of the GFS model
towards its forecast guidance. This capability is
valid for the warm season over the warm pool.

For the cool season, the MOS system does
not show coupling between the upper and lower
troposphere, and deep convection near the warm

pool. Far away from the warm pool (Midway Is-
land NAS), especially for the cool season, the up-
per troposphere does not show impact on the
MOS surface temperature and dewpoint forecasts.

6. CHARACTERISTICS OF THE CLIMATE IN
THE AREA

In the evaluation of the skill of MOS forecast
guidance, the climate is often used as a bench-
mark for verification, such as, improvement of
probability of precipitation (PoP) over climate in
terms of Brier score (Brier 1950). The climate
data of precipitation amount and temperature for
the subject stations are presented as follows.

The monthly normals computed from the ob-
served data for the period from 1971 to 2000, for
precipitation amount (in inches) and temperature
(in degrees F) are shown in Figures 3 and 4, re-
spectively. Among the five stations chosen for
study in this paper, those located around or in the
interior of the warm pool have more precipitation
than Midway Island NAS, which is far away from
the warm pool. At Andersen AFB, the range of
annual variation is approximately from 4 to
14 inches, with distinctive dry and wet seasons
around March and August, respectively. Pohnpei
WSO is the wettest among the five stations used.
Its annual variation has a range approximately
from 10 to 19 inches, with a brief dry season
around February. Koror WSO is also a wet station
but a little dryer than Pohnpei WSO, with a range
of annual variation approximately from 9 to
17 inches, and a distinctive peak around June and
July. Midway Islands NAS is the driest among the
five stations. It has its precipitation amount nor-
mals ranging from 1.5 to 4 inches with the driest
month in June. Pago Pago has the range of
precipitation amount approximately from 6 to
14 inches, with the driest and wettest months in
July and January, respectively.

The temperature normals show little annual
variations over the warm pool and nearby area,
with the ranges within 3°F. The stations located in
this area include Andersen AFB, Pohnpei WSO,
Koror WSO, and Pago Pago. At Midway Islands
NAS, the temperature normals show a significantly
larger annual variation, with a range of more than
14°F. For stations with small ranges, the annual
variations are still visible in the graphs. The
ranges for the stations closer to the Equator
(Pohnpei WSO and Koror WSO) have smaller
ranges compared to those located further away
from the Equator (Andersen, Pago Pago, and
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Midway Islands). Midway Islands NAS is the fur-
thest from the Equator and has the largest range
in the annual variation. In particular, Pohnpei has
larger temperature difference between minimum
and maximum during the “warm” season.

7. EVALUATION OF THE MOS GUIDANCE

The forecasts of PoP, temperature, and dew-
point are tested on independent data, which are
not used in the development of the MOS forecast
equations. Some test results of 12-hour PoP,
temperature, and dewpoint are discussed in the
following sub-sections.

7.1 Probability of Precipitation

The improvement of 12-hour PoP over climate
in terms of Brier score for two seasons: (1) from
November to April and (2) from May to October,
and for projections from 18 hours to 84 hours is
shown in Figure 5 for regions around the five sta-
tions chosen for this paper. The positive im-
provement means that the forecasts have skKill.
The PoP forecast equations were generally devel-
oped for geographical regions rather than single
stations. The precipitation data of stations were
combined for several geographical regions to in-
crease the number of precipitation events in the
sample datasets for MOS PoP forecast equation
development. Midway Islands NAS and Pago
Pago are far from other stations, and single station
equations were developed for them. In general,
the improvement shows a downward trend to-
wards longer projections, which means a decrease
in forecast skill for longer projections.

The forecast skill is better for season 1 than
season 2, for all projections in the Pohnpei and
Midway Islands areas. The comparison of skill
between two seasons is not straightforward for
Andersen, Koror, and Pago Pago areas.

For the Andersen area, the improvement
ranges from -2% to 10%, with negative improve-
ment at three projections for season 2. For the
Pohnpei area, the range of improvement is be-
tween -1% and 16%, with negative improvement
only at two long projections. For the Koror area,
the improvement ranges from 2.5% to 22%, with
positive skill for all projections. For Midway Is-
lands, the improvement ranges between -3% and
22%, with only one negative improvement for
season 2 at 60 hour projection. For Pago Pago,
the range of improvement is between -6% and

25%, with negative improvement at three longer
projections.

In general, the improvement curves are
smoother for regional PoP forecasts than for sin-
gle station PoP forecasts. The differences in skill
between two seasons are larger for single station
forecasts than regional forecasts. In addition, the
skill differences between regions or individual sta-
tions are not related to their locations relative to
the warm pool.

7.2 Bias of Temperature and Dewpoint

The biases of the MOS temperature and dew-
point forecasts are shown in Figure 6. In general,
the biases fluctuate randomly. The dewpoint bi-
ases are close to the temperature biases for the
stations that are closer to the Equator, and are
warmer than the temperature biases for the sta-
tions further away from the Equator.

At Andersen, both temperature and dewpoint
forecasts have warm biases. The temperature
bias fluctuates between 0.3 and 0.7°F, and dew-
point bias between 0.6 and 1.6°F. At Pohnpei, the
temperature bias fluctuates between -0.6 and
0.2°F while the dewpoint bias fluctuates between
-0.4 and 0.2°F. For most projections, both tem-
perature and dewpoint forecasts have cold biases.
At Koror, the temperature bias ranges from -0.5 to
0.45°F and dewpoint bias ranges from
-0.1 to 0.25°F. For most projections, the tempera-
ture forecasts have cold biases and dewpoint fore-
casts have warm biases. At Midway Islands NAS,
the temperature forecasts have  biases
ranging approximately from -0.75 to -0.1°F, with
cold biases for all projections. The dewpoint
forecasts have biases ranging approximately from
-0.05 to 0.4°F, with warm biases for almost all pro-
jections. At Pago Pago, the temperature bias fluc-
tuates about the zero line, with a range from
-0.3 to 0.4°F. The dewpoint bias fluctuates be-
tween 0.5 and 1.6°F.

Overall, Andersen, Midway Islands, and Pago
Pago have dewpoint biases larger than that of
temperature forecasts, while Pohnpei and Koror
have biases of temperature and dewpoint fore-
casts close to each other. In particular, Midway
Islands NAS has colder temperature bias than all
other stations.



7.3 Mean Absolute Error of Temperature and
Dewpoint

The mean absolute errors (MAE) of tempera-
ture and dewpoint forecasts versus projection are
shown in Figure 7. The MAE of temperature fore-
casts for all five stations show prominent peaks
with 24 hours between two adjacent ones, while
the MAE of dewpoint forecasts do not.

At Andersen, the temperature MAE fluctuates
ranging approximately from 0.8 to 1.3°F, without a
trend toward longer projections. The dewpoint
MAE ranges between 1.2 and 2°F, with an upward
trend toward longer projections and dips in the
curve at the peaks of temperature MAE. At
Pohnpei, the temperature MAE ranges between
1.2 and 2.3°F and the dewpoint MAE ranges be-
tween 0.9 and 1.4°F. At Koror, the temperature
MAE fluctuates between 1.0 and 2.2°F, while the
range of the dewpoint MAE is between 0.9 and
1.4°F. At Midway Islands NAS, the temperature
MAE ranges between about 1.0 and 2.2°F and
dewpoint MAE ranges approximately between 1.3
and 2.5°F. Both MAE curves have upward trends
towards the longer projections. At Pago Pago, the
temperature MAE fluctuates between 1.2 and
2.3°F, with a small upward trend towards longer
projections. The dewpoint MAE fluctuates be-
tween 1.2 to 2°F without a trend.

Overall, the dewpoint MAE is larger than the
temperature MAE for Andersen AFB and Midway
Islands NAS, while the reverse is true for Pohnpei,
Koror, and Pago Pago. There are upward trends
towards longer projections for the temperature
MAE curves, for Midway Islands NAS and Pago
Pago, as well as for the dewpoint MAE curve for
Midway Islands NAS.

8. CONCLUDING REMARKS

Five island sites were used for the study of
MOS system performance over the tropical west-
ern Pacific warm pool. Among the five stations,
three are near the boundary of the warm pool in
the Northern Hemisphere (Andersen AFB,
Pohnpei WSO, and Koror WSO), one is located far
from the warm pool in the Northern Hemisphere
(Midway lIslands NAS), and one is located in the
interior of the warm pool in the Southern Hemi-
sphere.

The analysis of MOS temperature and dew-
point forecast equations shows that the MOS
system is capable of reflecting the coupling

between the upper and lower troposphere, as well
as the impact of deep convection over the interior
of the warm pool during the austral warm season
(Pago Pago, American Samoa). It also shows
little or no impact from the upper troposphere on
the MOS surface temperature and dewpoint fore-
casts in the Northern Hemisphere during the bo-
real cool season. Further studies are needed to
determine whether the findings are valid for the
other austral and boreal seasons.

Some characteristics of the climate for loca-
tions relative to the warm pool are identified in this
study. They are used as benchmarks for the
evaluation of MOS forecast guidance.

The evaluation of the 12-hour MOS PoP fore-
casts for the subject stations shows that the skill
decreases towards longer projections. However,
most of them have positive improvements over
climate. The differences in skill for various sta-
tions are not related to their locations relative to
the warm pool.

For all five stations, the biases of temperature
and dewpoint forecasts do not show any trend to-
wards longer projections, which means that the
biases generally remain the same for all projec-
tions up to 84 hours. The cold bias of temperature
forecast seems larger for locations far away than
over the warm pool area in the Northern Hemi-
sphere during the boreal cool season. The warm
bias of dewpoint forecast seems about 1°F higher
than the temperature bias in the interior of the
warm pool in the Southern Hemisphere during the
austral warm season.

The MAE of temperature forecasts shows
prominent peaks with 24-hr intervals at two sta-
tions near the boundary of the warm pool, while
that of dewpoint forecasts is less pronounced. For
a station far away from the warm pool in the North-
ern Hemisphere, the MAE curves of both tempera-
ture and dewpoint have an upward trend towards
longer projections during the boreal cool season.
The upward trend also appears on the curve of
temperature MAE for a station in the interior of the
warm pool in the Southern Hemisphere during the
austral warm season, but not on the dewpoint
MAE curve.

Some findings about the MOS system per-
formance over the tropical western Pacific warm
pool have been obtained from the preliminary
study in this paper. They can provide useful
information for the improvement of MOS guidance
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development in the areas of input predictors
selection and developmental data stratification,
i.e., seasons and geographical regions. This may
also benefit the future development of gridded
MOS for the Guam area.
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Table 1. Island stations in the western Pacific Ocean for which GFS MOS forecast guidance is provided.

STATION ICAO CODE LATITUDE LONGITUDE ELEVATION
(ft)
Northern Hemisphere and Eastern Hemisphere
Wake Island PWAK 19.28 °N 166.65 °E 13
Saipan, Guam PGSN 15.12 °N 145.73 °E 213
West Tinian, Guam PGWT 14.97 °N 145.60 °E 40
Rota, Guam PGRO 14.18 °N 145.25 °E 607
Andersen AFB, Guam PGUA 13.57 °N 144.92 °E 532
Agana, Guam PGUM 13.48 °N 144.80 °E 269
Yap, Micronesia PTYA 9.48 °N 138.08 °E 52
Bucholz AFB, Marshall Islands PKWA 8.73 °N 167.73 °E 26
Truk, Micronesia PTKK 7.47 °N 151.85 °E 7
Koror WSO, Palau PTKR 7.33 °N 134.48 °E 94
Majuro Atoll, WSO, Marshall Islands PKMR 7.08 °N 171.20 °E 13
Pohnpei WSO, Micronesia PTTP 6.97 °N 158.22 °E 120
Kosrae, Micronesia PTSA 5.33 °N 163.03 °E 13
Northern Hemisphere and Western Hemisphere
Midway Islands, NAS \ PMDY 28.22 °N 177.37 °W 43
Southern Hemisphere and Western Hemisphere
Pago Pago, American Samoa NSTU 14.33 °S 170.72 °W 30




Table 2(a). Predictors at the 200-mb level selected for the temperature and dewpoint forecast equations, season 1 (Nov. — Apr.),
X _,and _ X, etc.) shows the selection of individual
predictors at 3-hour intervals: 3 hours before, on the projection hour, and 3 hours after the projection hour, respectively.

0000 UTC cycle, Midway Islands NAS. Note that the cell format (e.g., x _ _, _
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Table 2(b). Same as 2(a), except for Pago Pago, American Samoa.
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Table 3(a). Predictors at the 850-mb level selected for the temperature and dewpoint forecast equations, season 1 (Nov. — Apr.),
X _,and _ X, etc.) shows the selection of individual
predictors at 3-hour intervals: 3 hours before, on the projection hour, and 3 hours after the projection hour, respectively.

0000 UTC cycle, Midway Islands, NAS. Note that the cell format (e.g., x _ _, _
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Table 3(b). Same as 3(a), except for Pago Pago, American Samoa.
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Figure 1. Distribution of sea surface temperature in the world ocean showing the location of the warm pool over Indian Ocean and the
western Pacific Ocean (source: Weier and Simmon 2001)
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Figure 2. The locations of island stations in the western Pacific Ocean for which GFS MOS forecast guidance is provided.
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Figure 3(a). Monthly precipitation normals computed from the climate data for the period from
1971 to 2000, for Andersen AFB, Guam.
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Figure 3(b). Same as Figure 3(a), except for Pohnpei WSO, Micronesia.
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Figure 3(c). Same as Figure 3(a), except for Koror WSO, Palau.
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Figure 3(d). Same as Figure 3(a), except for Midway Islands NAS.
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Figure 3(e). Same as Figure 3(a), except for Pago Pago, American Samoa.
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Figure 4(a). Monthly normals of maximum, mean, and minimum temperatures, along with the
annual mean temperature, computed from the NCDC climate data for the period from 1971
to 2000, for Andersen AFB, Guam. Data source: NCDC Climatology of the United States
No. 81 (1971-2000).
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Figure 4(b). Same as Figure 4(a) except for Pohnpei WSO, Micronesia.
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Figure 4(c). Same as Figure 4(a) except for Koror WSO, Palau.
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Figure 4(d). Same as Figure 4(a) except for Midway Islands NAS.
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Figure 4(e). Same as Figure 4(a) except for Pago Pago, American Samoa.
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Figure 5(a). Improvement of 12-hour probability of precipitation (PoP) over climate in terms of
Brier score, for season 1 (ssnl: Nov. — Apr.) and season 2 (ssn2: May — Oct.), the area of
Andersen AFB, Guam.

0.3

0.25

0.2
o1 -\-\'\-
0.05 —

-0.05

Improvement

-0.1

18 24 30 36 42 48 54 60 66 72 78 84
Projection (hr)

—&—ssnl —#—ssn2

Figure 5(b). Same as Figure 5(a) except for the area of Phonpei WSO, Micronesia.
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Figure 5(c). Same as Figure 5(a) except for the area of Koror WSO, Palau.
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Figure 5(d). Same as Figure 5(a) except for Midway Islands NAS.
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Figure 5(e). Same as Figure 5(a) except for Pago Pago, American Samoa.
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Figure 6(a). Bias of temperature and dewpoint forecasts, for season 1 (Nov. — Apr.), 0000 UTC
cycle, Andersen AFB, Guam.
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Figure 6(b). Same as Figure 6(a) except for Pohnpei WSO, Micronesia.
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Figure 6(c). Same as Figure 6(a) except for Koror WSO, Paulau.
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Figure 6(d). Same as Figure 6(a) except for Midway Islands NAS.
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Figure 6(e). Same as Figure 6(a) except for Pago Pago, American Samoa.
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Figure 7(a). Mean absolute errors of temperature and dew point forecasts, for season 1
(Nov. — Apr.), 0000 UTC cycle, Andersen AFB, Guam.
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Figure 7(b). Same as Figure 7(a) except for Pohnpei WSO, Micronesia.
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Figure 7(c). Same as Figure 7(a) except for Koror WSO, Paulau.
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Figure 7(d). Same as Figure 7(a) except for Midway Islands NAS.
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Figure 7(e). Same as Figure 7(a) except for Pago Pago, American Samoa.
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