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Glider observations were essential components of the observational program in the Autonomous Ocean
Sampling Network (AOSN-II) experiment in the Monterey Bay area during summer of 2003. This paper
is focused on the impact of the assimilation of glider temperature and salinity observations on the Navy
Coastal Ocean Model (NCOM) predictions of surface and subsurface properties. The modeling system
consists of an implementation of the NCOM model using a curvilinear, orthogonal grid with 1–4 km
resolution, with ﬁnest resolution around the bay. The model receives open boundary conditions from a
regional (9 km resolution) NCOM implementation for the California Current System, and surface ﬂuxes
from the Coupled Ocean–Atmosphere Mesoscale Prediction System (COAMPS) atmospheric model at
3 km resolution. The data assimilation component of the system is a version of the Navy Coupled Ocean
Data Assimilation (NCODA) system, which is used for assimilation of the glider data into the NCOM
model of the Monterey Bay area. The NCODA is a fully 3D multivariate optimum interpolation system
that produces simultaneous analyses of temperature, salinity, geopotential, and vector velocity.
Assimilation of glider data improves the surface temperature at the mooring locations for the NCOM
model hindcast and nowcasts, and for the short-range (1–1.5 days) forecasts. It is shown that it is critical
to have accurate atmospheric forcing for more extended forecasts. Assimilation of glider data provided
better agreement with independent observations (for example, with aircraft measured SSTs) of the
model-predicted and observed spatial distributions of surface temperature and salinity. Mooring
observations of subsurface temperature and salinity show sharp changes in the thermocline and
halocline depths during transitions from upwelling to relaxation and vice versa. The non-assimilative
run also shows these transitions in subsurface temperature; but they are not as well deﬁned. For
salinity, the non-assimilative run signiﬁcantly differs from the observations. However, the glider data
assimilating run is able to show comparable results with observations of thermocline as well as
halocline depths during upwelling and relaxation events in the Monterey Bay area. It is also shown that
during the relaxation of wind, the data assimilative run has higher value of subsurface velocity complex
correlation with observations than the non-assimilative run.
& 2008 Elsevier Ltd. All rights reserved.
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1. Introduction
Five Spray gliders (Sherman et al., 2001) and 10 Slocum gliders
(Webb et al., 2001) were deployed in the Autonomous Ocean
Sampling Network (AOSN-II) experiment in the Monterey Bay area
during August–September 2003 (www.mbari.org/aosn/MontereyBay2003). Spray gliders collected temperature and salinity
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proﬁles up to 400 m depth (with occasional proﬁles to 700 m for
instrument comparison with other measurements) from Point
Año Nuevo in the north to Point Sur in the south, while the
Slocum gliders proﬁled to 200 m closer to shore (Fig. 1). A detailed
description of glider operations and data collected during the
AOSN-II experiment can be found in Ramp et al. (2008).
The focus of the present paper is on the impact of the
assimilation of glider temperature and salinity observations on
the Navy Coastal Ocean Model (NCOM) predictions of surface and
subsurface properties. Model predictions are evaluated and
compared with the observed data (temperature, salinity, currents)
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upwelling-favorable winds weaken (wind relaxation) and sometimes become poleward, the anticyclonic meander moves onshore
and then quickly retreats back offshore when the winds reintensify. The ﬂow at the surface is mostly southward due to local
upwelling wind and the inﬂuence of the offshore California
Current. Two narrow, poleward-ﬂowing boundary currents were
observed around the Monterey Bay area: the inshore countercurrent (sometimes called the Davidson Current) and the
California Undercurrent (CU). For more details on observed
physical conditions in the area see, for example, Rosenfeld et al.
(1994) and Ramp et al. (2005, 2008).

2. Modeling system
In the present study, the Monterey Bay model is based on the
NCOM (Rhodes et al., 2002; Martin, 2000), and is triply nested
inside of the global and regional (California Current) NCOM-based
models (Shulman et al., 2004, 2007). The model is called NCOM
ICON due to the fact that initial development of the model started
under the National Oceanic Partnership Program (NOPP) Innovative Coastal-Ocean Observing Network (ICON) project (Shulman
et al., 2002, 2007; Ramp et al., 2005). The model, which is set up
on a curvilinear orthogonal grid with resolution ranging from 1 to
4 km, uses a sigma vertical coordinate system with 30 levels. The
model is forced with surface ﬂuxes from the Coupled Ocean–
Atmosphere Mesoscale Prediction System (COAMPS) atmospheric
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Fig. 1. Glider tracks during August 2003.
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Fig. 2. Hierarchy of nested NCOM models along US west coast.

MOORING
at two mooring locations M1 and M2 (Fig. 2), and with airborne
SSTs. Temperature and salinity at the moorings were measured by
a string of 12 SeaBird MicroCAT TCP recorders. Observed currents
were measured by a 75-kHz RD Instruments acoustic Doppler
current proﬁler (ADCP) mounted in a downward-looking conﬁguration on the moorings. For the considered time frame, the
ADCPs were set up to measure in 8-m depth bins with 60 depth
bins, with the ﬁrst bin at 16 m for both moorings. A detailed
description of the airborne SST observations can be found in Ramp
et al. (2008).
The impact of glider data assimilation is evaluated during
observed upwelling and relaxation events. During northwesterly,
upwelling-favorable winds, the hydrographic conditions in and
around the Monterey Bay are mostly determined by the interaction between upwelling ﬁlaments formed at headlands to the
north (Point Año Nuevo) and south of the bay (Point Sur) and the
anticyclonic California Current meander offshore of the bay. When
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Fig. 3. Observed and COAMPS-predicted wind velocities at M1 (A) and M2 (B)
moorings.
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Fig. 4. Observed and COAMPS derived PAR at M1 (A) and M2 (B) moorings.

Table 1
Description of NCOM runs together with comparisons of SST predictions at moorings
Glider assimilation

None
Yes
None
Yes

None
None
Yes
Yes

M1 relaxation event (August 20–23, 2003)

M2 upwelling event (August 6–19, 2003)

BIAS (1C)

RMS (1C)

BIAS (1C)

RMS (1C)

1.7
0.4
0.5
0.6

2.15
0.95
1.12
0.97

0.7
1.2
0.4
0.3

1.03
1.40
0.81
0.80
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Fig. 5. Observed and model-predicted SSTs at mooring M1. (A) Comparisons between Runs 1 and 2 (Table 1). (B) Comparisons between Runs 1 and 3 (Table 1).
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Fig. 6. Same as Fig. 5 but at mooring M2.

model at 3 km horizontal resolution. The NCOM ICON model uses
the Mellor–Yamada level 2.5 turbulence closure scheme, and the
Smagorinsky formulation is used for horizontal mixing (Martin
2000). On open boundaries, the model is one-way coupled to a
larger scale regional (California Current) NCOM-based model
(Shulman et al., 2007).
In this study, the Navy Coupled Ocean Data Assimilation
(NCODA) system (Cummings, 2006) is used for assimilation of the
glider data into the NCOM ICON model. The NCODA is a fully 3D
multivariate optimum interpolation system that produces simultaneous analyses of temperature, salinity, geopotential, and vector
velocity. The system uses the background error covariances, which
represent a product of background error variance and a correlation. Correlations are a product of horizontal and vertical
correlations, which are modeled by the second order autoregressive (SOAR) functions (Cummings, 2006). Background error
variances vary with position, depth, and analysis variables, and
evolve over time based on a time history of the differences
between NCODA analysis and the model forecast ﬁelds (Cummings, 2006). Observation errors and background errors are
assumed to be uncorrelated, and errors associated with observations made at different locations and at different times are also
assumed to be uncorrelated. Assimilation of temperature and
salinity data is performed every 12 h (assimilation cycle).
Differences between the NCODA analysis and the model forecast
are uniformly added to the model temperature and salinity ﬁelds
over the assimilation cycle. Temperature and salinity data from
each descent/ascent glider path from a particular dive are treated
as vertical proﬁles of temperature and salinity. This introduces
additional error into the glider data assimilation, because glider
paths have angles sometimes reaching 261. Spray gliders collected

data with a nominal spatial resolution of 2.3 km, and Slocum
gliders with resolution of 0.8 km. According to the model
resolution, the spatial error in treating gliders as vertical proﬁles
does not exceed one model grid point. At the same time,
assimilation of glider data as threaded proﬁles (when each glider
proﬁle has latitude and longitude values changing with the depth)
is a topic of our future research.

3. Atmospheric forcing
Atmospheric ﬁelds from the 3-km resolution COAMPS predictions are used in this study (Doyle et al., 2008). COAMPS
assimilates atmospheric observations from radiosondes, aircraft,
satellite, and ships. The COAMPS SST analysis is performed directly
on the particular nest grid and includes assimilation of observations from ships, buoys, satellites (for example, multi-channel sea
surface temperature (MCSST)). Atmospheric, as well as oceanic
observations from moorings M1 and M2 (Fig. 2) were not
assimilated into the COAMPS simulations.
Comparisons of observed and COAMPS-predicted wind velocities
at the M1 and M2 moorings are presented in Fig. 3. Complex
correlations and angular displacements (estimated according to
Kundu, 1976) between the observed wind velocity and the COAMPSpredicted wind velocities were also estimated. The angular
displacement gives the average counterclockwise angle of the
COAMPS wind velocity with respect to the observed wind velocity.
COAMPS predictions show a high correlation with observations
(larger than 0.79) and small angles of displacements. There is good
agreement between COAMPS-predicted winds and observations in
the sequence and extent of each upwelling–relaxation event that
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Fig. 7. Observed and model-predicted surface salinities at moorings M1 (A) and M2 (B).

occurs between August 6 and September 6 of 2003. These events
include an extended upwelling period from August 6 to 19, a brief
relaxation from August 20 to 22, followed by a second extended
upwelling event between August 23 and 31, and ending with a
short relaxation (September 1–3) and weak upwelling (September
4–6) periods (see also Ramp et al., 2008).
Daily-averaged, photosynthetically available radiation (PAR)
observed at M1 and M2 and estimated from the COAMPS short
wave radiation (SWR) ﬂuxes are presented in Fig. 4. The observed
PAR was measured by the Biospherical PRR-620 spectroradiometer mounted on moorings approximately 3 m above the water
surface (Chavez et al., 2000). PAR from COAMPS predictions was
estimated as 45% of the COAMPS-predicted SWR ﬂux (Strutton
and Chavez, 2004). From the observed and model-predicted mean
values presented in Fig. 4, it is clear that there is an overestimation of the SWR in the COAMPS predictions. A similar
overestimation of SWR by COAMPS predictions was documented
during August of 2000 (Shulman et al., 2007). The excessive SWR
is likely related to the modeling of low-level clouds. Predictions of
extensive low-level clouds in the Monterey Bay area during
summer, which are believed to be underestimated by COAMPS
during this time period (Doyle et al., 2008) is a very challenging
problem.

4. Results
Table 1 lists the attributes of the NCOM ICON runs that are
evaluated in the paper. All model runs were initialized on August
2, 2003 from the same NCOM CCS model ﬁelds and spun up with
COAMPS surface ﬂuxes, tides, and NCOM CCS ﬁelds on the open

boundaries. The NCOM ICON predictions during August 6–September 6 are evaluated.

4.1. Impact of glider data assimilation on the model prediction of
surface properties
Comparisons of the observed and model-predicted SSTs from
the base, non-data assimilative Run 1 (Table 1) are shown in Fig.
5A for mooring M1. Model predictions are capable of reproducing
the observed sequence of upwelling/relaxation events and are in
reasonably good agreement with observations during upwelling
events. This can be attributed, in part, to the good agreement
between observed and COAMPS-predicted winds (Fig. 3). However, there are substantial differences between model and
observations during short relaxation events of August 20–22
and September 1–3. The model-predicted SSTs are much warmer
than observed SSTs, and there is stronger diurnal variability in the
model-predicted SSTs. This is consistent with results reported in
Shulman et al. (2007), in which it was demonstrated that the
model predictions were consistent with observations during
upwelling events of August 2000, and were considerably different
during the relaxation events. It was shown that the oceanic model
deﬁciencies in predictions of observed SSTs during wind relaxation events are correlated strongly with the fact that the COAMPSpredicted mean SWR ﬂux was around 40% larger than observed
values at mooring locations. There is also a similar overestimation
of SWR during August of 2003 (Fig. 4). In Shulman et al. (2007), it
was recommended that the COAMPS SWR ﬁeld be adjusted
toward the observed values at moorings. In Run 2 (Table 1), the
mean daily values of COAMPS SWR were replaced by the observed
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mean daily values of SWR at mooring M1. The correction of SWR
improved the Run 2 predictions during the relaxation events
(Fig. 5A). According to Table 1, SST bias is reduced from 1.7 (Run 1)
to 0.4 1C (Run 2), and root mean square error (RMS) is reduced to
half. This is similar to results presented in Shulman et al. (2007)
for August of 2000.
The assimilation of glider data in Run 3 with the same
uncorrected atmospheric forcing as in Run 1 (Table 1) substantially improved the model predictions in comparison to the base
Run 1 during the relaxation event of August 20–22 (Fig. 5B). The
data assimilative Run 3 and Run 2 (with corrected atmospheric
forcing) have comparable SST biases and RMS errors (Table 1).
Glider assimilation ends around September 2 (with a much
smaller number of data proﬁles available for assimilation during
September 1–2 than in August of 2003). Fig. 5B shows that for
1–1.5 days after glider data assimilation ends, the SSTs from data
assimilative Run 3 are similar to SSTs from non-assimilative Run 1.
This shows that while the hindcasts and nowcasts are improved
with assimilation of the glider observations, the SSTs forecast
degrades to the level of the model predictions without assimilation in 1–1.5 days. It is demonstrated below (Run 4, Table 1) that
for more extended forecasts, it is critical to have accurate
atmospheric forcing.
The model predictions also were evaluated at the M2 location.
Mooring M2 is located farther offshore than mooring M1 and in an
area that is signiﬁcantly affected by onshore and offshore
migration of the anticyclonic Monterey Bay Eddy (MBE) (Rosen-
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feld et al., 1994; Ramp et al., 2005). There are SST differences
between the base Run 1 and the observed SST at the end of the
upwelling event (August 6–19) (Fig. 6A). During this time, the
model has colder SSTs than observed with the bias around 0.7 1C
(Table 1). For this reason, the reduction of SWR in Run 2, which
improved the predictions at M1 during the relaxation
events, makes the SST even colder at M2 during the upwelling
events (Fig. 6A), and SST bias for Run 2 is around 1.2 1C (Table 1).
At the same time, the assimilation of glider data in Run 3
improved the model SST predictions at M2 during the upwelling
events
(Fig. 6B). During the upwelling of August 6–19, the SST bias was
reduced to 0.4 1C from 0.7 1C for the base Run 1 (Table 1).
Observed and model-predicted surface salinities are compared
in Fig. 7. The assimilation of glider data signiﬁcantly improved the
model salinity predictions in comparison to the non-assimilative
run, especially at the mooring M2 location (Fig. 7).
The impact of glider data assimilation on spatial distributions
of surface properties of temperature and salinity (SSS) are
illustrated in Figs. 8 and 9. Observed airborne SSTs (Ramp et al.,
2008) and model-predicted surface temperature and salinity are
shown for two upwelling events of August 15 (Fig. 8) and August
29 (Fig. 9). During both upwelling events, the non-assimilative
Run 1 has water masses warmer than 171 farther offshore than in
the observations. Assimilation of glider data provided a better
agreement of the model-predicted and observed spatial distributions of SSTs properties, as for example, in location of warmer
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Table 2
Comparison of SSTs at M1 and M2 during September 3–6, 2003
Run

M1

Table 3
Comparison of surface temperature and salinity for the entire period of
assimilation

M2
Run

BIAS (1C)

RMS (1C)

BIAS (1C)

RMS (1C)

1.6
0.9
1.4
1.0

2.08
1.27
1.72
1.08

2.5
0.9
3.5
1.4

2.75
1.69
3.63
1.54

Temperature
M1

1
2
3
4

offshore water masses (Figs. 8 and 9). This resulted in fresher
water masses closer to shore in Run 3 than in Run 1, which
improved surface salinity predictions at M1 and M2 moorings
(Fig. 7).
Model Run 4 (Table 1) is similar to Run 3 but with correction of
the SWR ﬁeld as in Run 2. The SSTs at M1 and M2 for Runs 3 and 4
are very similar during the period of glider data assimilation. The
correction of SWR improved the model predictions at the end of
the evaluation period (September 3–6, transition from relaxation
to upwelling and when the glider data were not available for
assimilation) (Fig. 10, Table 2). In comparison to Run 3, the
correction of SWR improves the model SSTs forecasts beyond 1.5
days for Run 4. This supports the above statement that assimilation of glider data improves model SSTs hindcasts and nowcasts,
and short-range (1–1.5 day) forecasts. However, for more
extended forecasts it is critical to have accurate atmospheric
forcing. Correction of SWR in accord with mooring observations
improves model SSTs predictions.

1
3

Run
M2

Salinity
M1

BIAS

RMS

BIAS

RMS

0.24
0.11

1.18
0.91

0.69
0.68

1.30
1.36

1
3

M2

BIAS

RMS

BIAS

RMS

0.30
0.15

0.32
0.18

0.32
0.04

0.34
0.14

Table 3 presents a comparison between Runs 1 and 3 over the
entire period of assimilation. The biases and RMS errors in surface
salinity are reduced by more than 50% for the data assimilative
run at both moorings (Table 3). At mooring M1, statistics for
temperature are also improved with assimilation, while at
mooring M2, temperature statistics for both runs are comparable.

4.2. Impact of glider data assimilation on the model predictions of
subsurface properties
The impact of glider data assimilation on model subsurface
temperature and salinity at M1 and M2 are shown in Figs. 11 and
12. There are distinct changes in the thermocline and halocline
depths during transitions from upwelling to relaxation and vice
versa (top panels on Figs. 11 and 12). At M2, there is a strong
deepening of the thermocline during the upwelling events of
August 6–19 and 23–31, and a shallowing of the thermocline
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Fig. 11. Comparisons of observed and model-predicted subsurface temperature and salinity at mooring M1: (A) observed; (B) Run 1 (no assimilation); (C) Run 3 (with glider
assimilation).

during the brief relaxation events of August 20–22 and September
1–3. The non-assimilative Run 1 shows these transitions (Figs. 11
and 12, middle panel) in subsurface temperature; however,
changes are not as deﬁned as in observations. For salinity, the
non-assimilating Run 1 signiﬁcantly differs from the observations.
The glider data assimilating Run 3 shows comparable results with
observations in deepening (shallowing) of thermocline as well as
halocline depths during upwelling (relaxation) events in the
Monterey Bay area (bottom panels of Figs. 11 and 12).
Table 4 presents estimates of anomaly correlation (AC) and
RMS error between observed and model subsurface temperature
and salinity proﬁles (Figs. 11 and 12) for Runs 1 and 3. AC is
estimated from
P
G ðM  MÞðO  OÞ
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ﬃ,
AC ¼ qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
P
P
2
2
G ðM  MÞ
G ðO  OÞ

(1)

where M and O are corresponding model and observed temperature or salinity proﬁles, M and O are means over time of observed
and model subsurface temperature or salinity proﬁles, and G
denotes the number of grid points. The summation is performed

over depth and time. The RMS is estimated from
RMS ¼

sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
1X
ðM  OÞ2 .
G G

(2)

The assimilation of glider data increased the AC with observations
at moorings M1 and M2, especially for subsurface salinity. Also,
there is reduction in the RMS error for temperature and salinity
for both moorings (for mooring M1 the reduction is almost 50% in
RMS error for temperature).
Fig. 13 shows a comparison of the subsurface structure of the U
(east–west) and V (north–south) components of observed and
model-predicted velocities at mooring M1. U and V components
are averaged over the upwelling event of August 15–17 (Fig. 13A)
and the relaxation event of August 20–23 (Fig. 13B). Predictions of
the alongshore component (V) during the strong upwellingfavorable winds are comparable for runs both with (Run 3) and
without assimilation of glider data (Run 1). This can be explained
by the good agreement between observed and COAMPS-predicted
winds (Fig. 3). The weaker component of the velocity (crossshore, U component) differs between runs with and without
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Fig. 12. Same as Fig. 11 but at mooring M2.

Table 4
Anomaly correlation (AC) and RMS for the temperature and salinity depth proﬁles
Run

Temperature
M1

1
3

Run
M2

Salinity
M1

AC

RMS

AC

RMS

0.60
0.71

1.38
0.76

0.03
0.45

1.61
1.38

1
3

M2

AC

RMS

AC

RMS

0.43
0.53

0.24
0.17

0.22
0.47

0.29
0.17

assimilation. At the surface, it seems that the run without
assimilation is slightly better. However, in deeper water, the run
with assimilation is closer to observations. There are considerable
deviations between the runs with and without assimilation
during the relaxation of wind forcing. There is good agreement
between observed and the assimilative Run 3 cross-shore (U)
components of velocity for all depths. Also, there is a better
agreement with observations in the shape of the vertical proﬁle of
the alongshore component of the velocity for the assimilative
Run 3.

To quantify the subsurface comparisons between Runs 1 and 3,
complex correlations and angular displacements are estimated for
subsurface proﬁles of velocity (Fig. 13) in accord with Kundu
(1976) (Table 5). Complex correlations and angular displacements
are comparable for both runs during upwelling because the
alongshore components (V) of the velocity for both Runs 1 and 3
are similar during the upwelling event (Fig. 13). During the
relaxation event, complex correlation increased from 0.66 (Run 1)
to 0.96 (Run 3). At the same time, the averaged angles between
observed and model velocity proﬁles reduced from 921 to 71.

5. Conclusions and discussions
We evaluated the impact of glider data assimilation on the
NCOM model predictions of surface and subsurface properties in
the Monterey Bay during the August–September of 2003.
The NCOM model predictions without assimilation of the
glider data show that the model predictions of surface properties
are capable of reproducing the observed sequence of upwelling/
relaxation events, and are in reasonably good agreement with
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Fig. 13. Comparisons of observed and model-predicted subsurface velocity during (A) upwelling (August 15–17, 2003) and (B) relaxation events (August 20–23, 2003).

Table 5
Complex correlations and angular displacements for subsurface currents proﬁles
Run

1
3

Upwelling

Relaxation

Correlation

Angle (1)

Correlation

Angle (1)

0.98
0.97

20
16

0.66
0.96

92
7

observations during strong upwelling-favorable winds. This is a
result of the good agreement between the observed and the 3-km
resolution atmospheric model COAMPS winds that were used as
wind forcing in the non-assimilative run. However, during wind
relaxation events, comparisons of observed and model-predicted
SSTs at mooring M1 show signiﬁcant differences: the modelpredicted SSTs are much warmer than observed SSTs, and there is
stronger diurnal variability in the model-predicted SSTs. These
differences between the NCOM model-predicted and observed
SSTs are related to the fact that mean daily values of the COAMPSpredicted short-wave radiation (SWR) are about 30–40% larger
than the observed values. When SWR values were adjusted to
match observed daily values of SWR at mooring M1, the NCOM
model predictions were improved and SST bias was reduced.
Even without correction of SWR, the glider data assimilative
run (Run 3) was able to reproduce observed SSTs and showed
comparable predictions with the Run 2 when SWR was adjusted.
Therefore, for hindcasting and nowcasting, the assimilation of the
glider data can eliminate deﬁciencies in model predictions due to
the deﬁciencies in the atmospheric forcing. At the same time, the
analysis of the NCOM model predictions revealed that the model
forecast degrades to the level of the model predictions without
assimilation in 1–1.5 days. It is shown that for more extended
forecasts it is critical to have accurate atmospheric forcing.

Assimilation of glider data provided a better agreement of the
model-predicted and observed spatial distributions of SSTs, as for
example, in location of warmer and fresher offshore water masses.
Moorings observations present sharp changes in the thermocline and halocline depths during transitions from upwelling to
relaxation and visa versa. The glider data assimilating run is able
to show improved comparisons with observations in deepening
(shallowing) of thermocline as well as halocline depths during
upwelling (relaxation) events in the Monterey Bay area.
Comparisons of observed and model-predicted velocities at
mooring M1 show that predictions of the alongshore component
(V) during the strong upwelling-favorable winds are comparable
for both runs with and without assimilation of glider data. This
can be explained by the good agreement between observed and
COAMPS-predicted winds. During the relaxation of wind, the data
assimilative run has higher value of complex correlation with
observations than the non-assimilative run.
Our future research will focus on the improvement of the
glider data assimilation approach. For example, we will consider
the assimilation of threaded glider proﬁles (when each glider
proﬁle has latitude and longitude values changing with the depth)
in the framework of the NCODA system. As shown in Figs. 1 and 2,
the glider proﬁles covered the area of M1 and M2 moorings
locations well. It is important to evaluate the impact of glider data
assimilation in cases when glider observations are away from the
area where the model observations comparisons are conducted.
During the summer of 2006 experiment in the Monterey Bay,
glider proﬁles were collected to the north of moorings M1 and M2.
Evaluations of the model predictions during summer of 2006 and
comparisons to predictions during summer of 2003 also will be
the subject of future research. We are also in the process of
implementing a new version COAMPS that has demonstrated
improved predictive capability for low-level clouds and should
provide a more accurate depiction of SWR evolution. Future
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studies will focus on evaluating SWR predictions from this new
version of the model and better understanding the implications
for ocean circulation prediction in the Monterey Bay.
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