SUMMARY

EVelURtion Using Altinetsy or an Ccean Mol tercee with Scatterometer Wines

Robin Tokmalkian Department of Oceanography, Naval Postgraduaite School, Monterey, CA

Two simulations of the North Atlantic have been run using the POP ocean model for approximately two and one
half years each. One simulation used the 1.25° wind product from ECMWF and the other used the JPL Quikscat
0.25° gridded product. The resulting sea level anomaly fields from the simulations are quantified by using tide

gauge and altimetric sea level anomaly data. In addition, upper ocean quantites were compared, such as the mix
layer depths, to understand the difference in the ocean's response when using the different wind products. The
analysis found that significant improvements were made in the representation at the surface, and in particular,
areas where comparison data exists, such as the Labrador Sea, there was noted improvement in the scatterometer

forced run in the depth of the mixed layer.

MODEL DETAILS

The ocean model whose variability is examined in this paper is the Parallel Ocean Program (POP) model. It has
a resolution of 0.1° at the equator with 40 levels. It is configured for the North Atlantic basin; the domain is

defined as 20°S - 72°N and 98°W - 17°E which includes the Gulf of Mexico and the western Mediterranean _
Sea. It uses a Mercator grid resulting in horizontal resolutions varying from 11.1 km at the equator to 3.2km at il

the northern boundary. The horizontal spacing of this grid is less than or equal to the first baroclinic Rossby
radius which results in eddies being reasonably well resolved up to approximately 50 degrees latitude [Smith et

al., 2000, Fig. 1]. POP has an implicit free surface and includes mixed layer dynamics [Dukowicz and Smith},
1994]. The Large et al. [1994] mixed layer formulation, K- Profile Parameterization (KPP), is active in the
simulations. The simuations were initialized from previously spun-up simulations. The output of the simulations

was saved daily. The analysis uses a time series of 2 years, 2000 and 2001.

SIMULATIONS

Two simulations are used in the analyses that follow. The first simulation was forced with daily varying wind
stresses derived from the European Centre for Medium Weather Forecasting (ECMWF run, 1.25° grid) analysis
product for the years spanning 1999 through 2001. The second simulation (SCA7 run) was forced with a
product that used the daily gridded wind vectors provided by the NASA Pathfinder [Kelly, 2000] measured by

Quikscat satellite scatterometer instrument (0.25° grid).

ALTIMETER DATA
The observational SLA field used for comparison is the French product "Maps of Sea Level Anomalies" (MSLA)

produced by the AVISO group at CNES [Ducet, et. al., 2001]. The standard processing has been applied to the
altimeter data and the data from a set of satellites have been merged and gridded into 7-day maps at the
resolution of 0.25°. The data comes from the TOPEX/Poseidon and the multiple ERS satellites. As a further step,

to ease the processing and display of the analyses, the data has been further averaged to a grid of 1°.
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FIGURE 3: Correlations between daily tide gauge measurement and ECMWF SLA
simulation (x-axis) and scatteromter SLA simulation (y-axis). Dotted lines denote 10\%

difference line betwee the two correlation sets. Dashed line denotes the line corresponding

to identical values
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FIGURE 4: Time series of tide gauge SLA in gray, scatterometer run SLA in red and
ECMWEF run SLA in black for 2 locations a) Sabine Texas and b) Ponta Delgado

estimate of westward wave speed between ~60°W & ~10°W
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Comparisons to Tide Gauges

Figure 3 shows the comparison of the
correlations between the two simulations
model SLA and the SLA as measured from
the tide gauges. The bottom axis references
the correlations when the model 1s forced
with ECMWF winds and along the the
vertical axis, the correlation values when the
model is forced with the scatterometer
winds. In all locations, except for four, the
correlations have improved for the
simulation forced with scattermeter fields.
Of the 39 stations compared, 22 have a
significant correlation (R values) of greater
than 0.4 and of these, 10 improved their
value by 10% when the scatterometer winds
were used. For example, the improvement
at Sabine Pass, Texas (Figure 4a, 29.7°N,
93.9°W, R=0.7: SCAT and R=0.6:
ECMWF) shows that most of the
improvement is in the amplitutude of the
signal, rather than in the phasing. Both
simulations miss the large increase in
amplitude in the tide gauge signal around
March of 2001, perhaps related to a
remotely forced event, not represented in the
simulation. At Ponta Delgada (R=0.6 and
R=0.1, location = 37.7°N, 25.7°W, Figure
4b), the improvement is in the long period
trend of the single.

FIGURE 7: Estimates of wave speeds: +9yr altimeter estimate - Solid

Because of the sampling of the earth's surface by the satellite, small holes
exist in the gridded product each day. These holes migrate daily around the
global grid. Thus, some pre-processing of the wind field is required to
produce a complete field to force the ocean model. Various methods were
tried to produce a ealistic field and in the end, the holes were filled with
fields from the ECMWF product from the same time and smoothed to
transition from one product to the other. Figure 1 shows the holes filled with
the vectors from the ECMWF product. It is easily seen that the holes of the
original product are relatively small (< ~2$° wide and ~20° long) and at
latitudes between about 10° and 30° . Because the holes migrate from day to
day, the mesoscale structure in the wind fields i1s compromised only slightly.
And seen below, the oceanic response between the two simulations is similar
in this region and so any concern that this blending of products is not a
primary concern for this application.
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FIGURE 1: a) Daily example of a scatterometer field with
amplitude in color overlayed with directional arrows. b)
Same figure except with the holes filled in with ECMWF
model output. Every tenth vector is plotted.

Basin Wide SLA Signals

Figure 5a shows a map of the correlations in SLA between the simulation forced with the ECMWF winds
and the one forced with scatterometer winds. At low latitudes, the correlations between the SLA
responses of the two ocean simulations are some what similar except in an area south of about 5°.
Likewise, in the coastal regions, which are the shallower regions of the model, the two wind products
produce similar results in the ocean's SLA response, consistent with the results of the tide gauge analysis.

Next, the two model simulations are compared with the gridded field produced from satellite
measurements of SLA. The analysis has used the fields gridded at 1°, but for graphing purposes, the
results show only at every other grid point. The correlations between the SLA of the scatteromenter run
and the altimeter data are shown in Figure 5b, while the Figure 5c uses the fields of the ECMWF run and
the altimeter data. Again similarities in the correlations are extensive between the two simulations. Both
simulations show that the ocean response at latitudes below 10° are reasonable. In addition, the mid-
latitude areas which show low correlations in b) and c) are, in the broad sense, areas that show
disagreement in the SLA fields of the two model runs. These are areas of mesoscale activity and the
disagreement is indicative of the chaotic and unpredictable nature of the flow.

To explore where the impact of using the scatterometer winds is significant, the correlations between the
modeled fields and the altimeter fields are used along with a measure of skill for each location. Figure 6
attempts to give an indication of the regions where the model has some skill in reproducing the ocean's
true response to the wind field applied. The dark gray grid points in Figure 6a are areas where the
correlation of the model to the altimeter observations are 0.4 or less and the skill value is less than than
10%; meaning that the model is not skillful. The gray areas are regions which have skill in their
representation of the true ocean signal and have correlations over 60% And the est are areas where the
signal can not be distinguished from the noise. The circles on Figure 6b indicate those areas where the
correlations in the SCAT run are greater than the correlations of the ECMWF run by at least 10% as well
has having values of 0.4 or greater. In Figure 6¢, the circles denote all the points in the SCAT run with
skill and significant correlations over 0.4. The regional area which shows the consistent improvement
when the scatterometer winds are used is the are in the eastern tropical Atlantic above the equator
centered at 330°E and along the zonal 10°N line. The mid-latitudes shows improvement in representation
scattered across the mid-latitude grid points, but not consistent improvement over any wide area.

Wave Signals

2 . ’ lsncl:ZT+r2uzlltallr:c61ir1:tssnmate % vy BCHIWE in open ereles, 21 Figure 7 shows the estimates of the speeds (computed using radon transforms of westward moving waves at
xox o various latitudes for the two runs of the model along with he estimates from the altimetric maps. First, it is noted
T T that there is a difference at some latitudes between the +9 year altimetric estimations (solid line) and the +2 year
estimates (x's). In addition, the three time series representing a period of +2 year series (black dots - SCAT run, the
gl J open circles- ECMWF run, and x's - altimetric data) are also somewhat different. Within the subtropical latitudes
(15° - 35°) the two altimetric series are more similar than at the higher latitudes. All the 2+ time series have
; consistently higher calculated speeds than the 9+ year altimeter series.
E > T A measure of how will the model runs reproduce the estimates calculated from the altimetric observations is
b given by the ratio of the wave speeds from the model runs to the altimeter data (Figure 8). At the lower latitudes,
Bl J the ECMWF run shows a closer representation than does the SCAT run, while within the latitude band between
E , 25°N and 35°N, the SCAT run 1s more realistic. A measure of variance is represented by the ratio of the +2 year
g o altimetric series to the +9 year series (solid gray line). Fourteen of the twenty SCAT estimates are within this band
390 1 g = g v VYV 00U’ of variability while only eleven of the twenty ECMWF estimates are within the band. The SCAT ratios not within
g -~ Vg00g _9___€’L¥QQQ_Q__89_Q__ the band are consi.stently overestimates of the wave speeds, while the ECMWF run produces rations that are both
2t ) - . :ﬁ v o vV over and underestimates.
T oE o . 8 221ti?lﬁ;ﬁi’éyr | | The energy as represented by the SLA of the two model runs as a function of angle and latitude are shown in
1 * IS}{: Z:: . 15 20 25 30 35 Figure 9a and b, while a similar energy distribution for the +2 year altimeter series is shown in Figure 9c. The
most prominent difference in Figure 9a and b 1s between 39°N and 42°N, the latitude band of the Gulf Stream
. | | | | | | | FIGURE §: Ratio of Rossby speeds, cicles: SCAT run/49ye. trfangles: Exte.nsion. A qualit.at%ve gssessrpent of the differenc§ in. the two model runs suggests that thg SCAT run (Figgre
15 20 25 30 35 40 45 50 55 ECMWE run/+9yr. The lines denote the expected variability band 9b) 1s the most realistic with a high band of energy distributed across all angles. The other difference is that it
latitude determined by the average ratio of the +2yr altimeter signal to the +9yr would appear that the GS has shifted southward slightly in the SCAT run. It is also noted that in the 15°N - 35°N
signal. band, the energy peak in the SCAT run (b) is spread over a wider range of angles, then in the ECMWF run (a),
consistent with the mean path as shown in Figure 2.
Mixed Layer Signals
Labrador Sea Mid-Latitudes
: In the subtropics (15°N-30°N), the difference in the
fSCATmdplh MN_DEQUIVEnIhMN | OMNUI L SO o the vear 2001 for he SCAT mean mixed layer depth between the two
: N ‘. N run and ECMWF run, respectively. Figure simulations is about 2 m with a standard deviation of
250 250 o0 o0 10c 1s the difference of the two means, 10 m;}or ?le S??;F gun ?nfl.9 m t;;)r tf;ethMWé:
65+ 65} 65+ 1., 65 e while Figure 10d represents the standard f;ln' q 4 Lmel- att .ehp © 11s made ol the II;IXG
77200 -1200 , deviation for the period of a year. The ayer e.pt , A10ng with a plot of SLA.at 257N,
o gl 1 - 120 S 20 sense of the plot is that the blue regions are 1r{terest1ng differences can be seen-(Flg.ure 14).
% 60 150 60 1150 601 T | 0o 60 9 regions where the depth of the ECMWF run Figure 15 shows how the changes in mixed layer
- ‘ 20 —20 1s deeper than that of the SCAT run and the depth change in response to th.e sgrface as
100 100 a0 a0 yellow/red regions are where the SCAT run represented by the SLA. The individual figures
55 55} 55+ - 55+ A - produces deeper depths or larger variances have beeg detrende.:d zonally to remove the lgrge
50 50 N ads 1. from the mean. The region of the North cross—ba.sm SSH differences and also normalized by
< L _ 1, 5 'l e i) ;\ 4 L) Atlantic external to the Labrador Sea shows thzn;laxm.lun:izlonal Zaluﬁ 50 45 t(;compare the SILA
300 320 300 320 300 320 change similar to the area in the plots and the mixed layer depth anomalies (MLA). - Clear
longitude longitude around 50-52°N with eddy-like signatures. propagating 31gna1§ can be seen in both SLA and the
FIGURE 10: a) Mean of Scatterometer run mix layer in The difference in both the means and their MLA There are differences in the Pha?lng and also
Labrador Sea b) same for ECMWF run c) Difference in mean, standard deviations indicate that the most H_l ﬂ.le a.v‘erage speed as was shown in Flme 8. The
d)Difference in the standard deviation intense difference (greater than100m) is in similarities in the. westward wave propagations of
a relatively small area centered at 310°E, ‘_[he _SLA fo the mixed layer (aand b, c and d)
58°N. Examining the fields at higher 1nc}1cate that the change in the depth§ and surface
resolution does not seem to indicate that the he.lghts are re.lated to the N/ S advection movement.
a) O mix layer depth vs time @ 308.05E 58.0053N FIGURE 11: ) Time serics of small scale structure is more defined in the Within the mixed layer,. d}fferenc.:es can beT seen due
‘ ! mir = e'il:wf L}; Ené’i eliieétififéﬁvfﬁ?n SCAT run verse that seen in the ECMWF to the strength of the mixing during the WlntGI:
<ol 3 IMF Kiel stations K1-K41, 58°N, run. The general strength of the wind field Scas0M. Foroexample, c}urmg the 2001/2002 winter
: ;(I)O\IN fg’)r ﬁi?gﬁezocgﬁy; g’; is similar in both simulations, but there is a agzll,lr%d 3210 ,E’ blotth.aned layer p 10}? show an
2 ook N SCAT ficlds (red) and ECWMF higher spatial variability by about 15\% in ad 1.t10na signal which represents this strong
‘*Ié fields (black line). the scatterometer wind field, resulting in a mixing. In areas :vheri both the SLA and the MLA
N g AL B e coherent wind Tldseross the r npase 290310, nomvinics sewsons). nd
: | ; This produces a shallower mixed layer in whete j[he SLA is high and the MLA is d§ep , the
oo the scatterometer forced run than in the 31gne.11 15 ;leaﬂ}}’l prf(idlllcci:edhl:.)yhahp “LP aﬁaglili wax;le
I F e M P M ECMWTF forced run. moving t roug a field which has hig ont .e
north along with deeper (on average) MLA. During i
b) WIND the winter season, the propagation events are out of i P
01 ! A time series of the mixed layer depth can be extracted from the output phase in the SLA and the MLA, with the deeper longitude
o fields and is shown in Figure 11a at a point where the deepest mixing is, MLA (more reddish) reflecting a lower SLA. Such
~ ZZj 58°N, 51°W. The SCAT run is shown in red and the ECWMF run is representation is more indicative of cooler waters
5 oo the black line for the year 2001. It can be seen that for much of the year mixing into the upper waters, thus lowering the sea
E o : the lines are identical (Figure 12). The winter mixing seen level. Although the mixed layer difference is
EZZ during the February/March time frame is distinctly deeper when the relatively small as compared to the Labrador sea, the
_0:06 model 1s forced with the ECMWF pI‘OdU,C'[ than when forced with the SCAT run shows stronger mixing, spread over a
548 | scatterometer winds. In situ station data has been collected by IMF wider band (winter 2000/2001) than is seen in the
o1l —— i 4 L Kiel (see: http://www.ifm.uni kiel.de/fb/fb1/pol/research/sfb460/a2/stb- ECMWEF run.
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FIGURE 12 below) : Full 2001 Time series of the mix layer depth at a location
near Ocean Station Bravo and IMF Kiel stations K1-K41, 58°N, 51°W
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a2.html) and from that data set, the observed depth more closely
represents the shallower representation of the mixed layer depth of the
run forced with the scatterometer winds. Figure 11b shows the
corresponding wind stress curl time series from both wind products,
showing much stronger negative ekman pumping in the SCAT winds,

than in the ECMWF wind field.
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FIGURE 13: Corresponding time series of
SLA from the ALT (gray line), the ECMWF
run (black line) and the SCAT run (red line).
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FIGURE 2: Random observed ocean temperature field is
overlaid with the contours of the mean path of the

Gulf Stream Extension. The solid, heavy black line is the
contour for the SSH zero line from the ECWMF simulation,
while the dashed line is from the SCAT run
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The mean path of the Gulf Stream Extension is shown as an
example of the mean field of the two simulation runs. Figure 2
shows a random surface temperature field retrieved from NOAA's
public web site which is overlaid with two sets of lines. The first,
the solid black lines represents the mean path average from
2000/2001) from the ECMWF run and the second set of dotted
lines represents the path from the SCAT run. The path is defined
as the zero SSH contour +/- 20 cm.  Although quite similar, the
SCAT run has a broader distribution in its path than does the
ECMWF simulation. The bends and turns of the extension
diverge towards the eastern edge of the figure. The mean of the
two runs are similar throughout the domain with the differences
in the small scale (wavelengths < 200 km) details.
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FIGURE 5: Correlations of SLA between a) Scatterometer forced
simulation and ECMWF forced simulation, b) Scatterometer
simulation and altimeter SLA field, and ¢) ECMWF simulation and
altimeter SLA fields.
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FIGURE 6: a) Map of the model skill to represent the oceanic response of SLA. In both
plots, the white areas are low skill areas and the gray areas denote skillful areas. b) same as
a) but is overlain with circles which represent grid points where the R value is greater or
equal to 0.4 and the SCAT run correlation is 10% greater than the ECMWF run. The right
plot (c) is overlain with circles that represent correlations greater than 0.4 for both the
ECMWEF run and the SCAT run
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FIGURE 9: Wave energy distribution a) for ECWMEF run, b) for SCAT run, c) for +2yr Altimter data.

Scale is a log scale of arbitrary units.
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FIGURE 14: Plots of the mean mixed layer depth in the subtropics. a) SCAT run b) ECMWF run
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FIGURE 15: Time-latitude plots for a) SLA @25°N SCAT run, b) Mixed layer depth anomal @25°N SCAT, c) SLA
@25°N ECMWEF run and d) Mixed layer depth anomal @25°N ECMWEF. Each series has been detrended across the
zone at each time. The field is normalized by the zonal average, and the mixed layer plots (b and d) show in increase in
depth as positive (red). The corresponding ALT Hovmueller plot is to the left, for comparison. The curl of the wind
stress field applied is plotted on the right for the SCAT data (top) and the ECMWF data (bottom).
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