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Sensitivity experiments to mountain representations in spectral models
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Fig., 14. Difference for winter (DJF) geopotential height eddy field at 500 mb between the Standard experiment
and the Seripps mountains data set. Significance levels at 5% and 1% ar ¢ shaded. The contour is 10 m.
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Fig. 15. Ditference for winter (DJF) geopolential height eddy field at 500 mb between the Standard experiment,
the Navy mountains data set. Significance levels at 5% and 1% are shaded. The contour is 10 m.
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lies over Asia. The subtropical centers are re-
duced and brought more in accord with observa-
tion. The amplitude over Europe is reduced to
200 m from the 320 m of the Standard case. The
overall reduction is substantial. The Scripps
mountains (right bottom) generate a better wave-
train, that maintains some of the good points of
the Navy data set (reduction of the European
ridge), but with a smaller overall reduction of the
anomalies strength. The centers of the wavetrain
are not uniformly reduced and the response is
relatively large scale compared to the mountain
forcing (hottom panels of figs. 21 and 23).

A better appreciation of the differences in
stationary waves can be obtained by looking
at the difference fields. The new orographies
(figs. 14 and [5) are both capable of reducing
the amplitude over the Atlantic, as can also be
seen from the difference between Navy and
Scripps (fig. 16), showing no difference over the
Atlantic and indicating a clear discrepancy over
the Pacific. The Navy experiment reduces no-
ticeably the amplitude over the North Pacific,
whereas the effect is much weaker in the Scripps
case. Overall, the comparison of the quality of
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the simulation of the large scale features of the
general circulation aloft seems to be favorable
to the Scripps case.

4.2, Surface fields

The precipitation shows a relatively smaller
sensitivity, both in winter (fig. 18) and in sum-
mer (fig. [7). In the summer, in the Indian sec-
tor, a reduction of precipitation over the equalo-
rial Indian Ocean is visible. The Scripps moun-
tain experiment also shows a tendency to devel-
op precipitation toward the Indian subcontinent,
but overall the impact is relatively minor. Some
beneficial impact is visible in Central America,
where the excess precipitation over the south of
Mexico is reduced, in accordance with observa-
tions. In winter, the reduction over the Indian
Ocean is present in the Navy experiment, but
not in the Scripps case. The Scripps experiment
is improved in the Central Pacific where a larger
reduction of the excess centers close to the date-
line is achieved. The arid area in the Eastern
Pacific is, however, betler represented by the

BON

30N 553

305 1

BOS 4= e+ woreon s

0 60E 120E

Fig. 16. Difference for winter (DJF) geopotential height eddy field at 500 mb between the Scripps experiment
and the Navy mountains data set. Significance levels at 5% and 1% are shaded. The contour is 10 m.
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Observations
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Fig. 17. Summer (JIA) precipitation for the observations (OBS), the Standard experiment (AMIP), the Navy
mountains data set (AMIPNM) and the Scripps mountains (AMIPSC}. The contour are in mm/day.
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Fig. 18. Winter (DIF) precipitation for the observations (OBS), the Standard experiment (AMIP), the Navy
mountains data set (AMIPNM) and the Scripps mountains (AMIPSC). The contour are in mm/day.
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Sensitivity experiments to mountain representations in spectral models

Navy mountains. The systematic error over the
Indonesian archipelago, namely the break in the
precipitation belt between 90E and 150E, does
not show any improvement. It is very diflicult 1o
conclude which ol the two mountain represen-
tations is superior. However, it is possible to sce
that the filtered mountains are both improved
over the standard spectral mountains.

The global pattern of precipitation showed
some indication that the precipitation in the Indi-
an Ocean is affected. We can see the detail of the
effect in figs. 19 and 20 that show in detail the
Indian subcontinent area. The filters remove the
fake elevation in the south of India and South-
east Asia. In both pictures the removal of the
elevation around 10N results in a reduction of
the precipitation over the equatorial Indian Ocean,
a feature that is probably overestimated by the
model. The small scale in the topography, that
includes Gibbs oscillations, are not the only source
of systematic error, but they certainly contribute
to make the precipitation pattern worse. The
strong correlation between the precipitation pat-
terns and the local topography suggest that great
care must be taken in consideration of this field.

4.3. Evaporation

The fields that are most closely linked to the
properties of the surface may show the impact of
orography more clearly, as the evaporation field
(fig. 21). The global evaporation for Northern
Hemisphere summer shown in fig. 22 shows the
difference in the evaporation field for the Stand-
ard and Scripps experiments, The difference seems
to be particularly large in the Pacific and in the
Southern Atlantic and they can be traced to the
differences between the mountains, mostly con-
sisting of Gibbs oscillations. Large differences
in the Indian Ocean can also be traced to the
presence of a wavetrain of Gibbs oscillations in
the Arabic Sea. A similar pattern emerged from
the evaporation differences between the Navy and
Standard experiment (fig. 23). In both cases the
high spatial frequency part of the differences is
highly correlated with the location of Gibbs os-
cillations, whereas the large scale differences are
probably due to the differences in the large scale
circulation. The oscillations appear to have a local
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effect on the evaporation, presumably through
controlling the nominal height of the grid box,
but the large scale changes in the midlatitudes
are due to the change in the general circulation
induced by the modifications in the stationary
waves produced by the different mountains.

The organized character of the evaporation
discrepancies caused by Gibbs-like oscillation
is potentially a very cumbersome problem when
that the atmospheric model is used as the atmos-
pheric component of a coupled model. It is not
difficult to imagine that the evaporation fields
of the preceding picture will force a correspond-
ing arganized spurious pattern in the ocean with
a potential generation of serious systematic er-
rors. This is an important problem that needs to
be considered more in detail in the formulation
of coupled models.

4.4. The Southern Eastern Pacific

The arca along the coast of Peru is a crucial
area for the ENSO mechanism. The winds blow-
ing along the coast produce intense upwelling
that contributes to generate cold surface water
that is advected towards the equatorial area. The
along shore wind is present all through the year,
with maximum intensity in the summer. The
observations and the model results show the jet
in a narrow region along the coast {the jet is
probably in reality even closer to the coast, even
if here it appears somewhat displaced due to the
resolution of the data}). In the Southern Hemi-
sphere., Ekman pumping is to the left of the
wind and in the South American coastal area
this mechanism generates upwelling that is one
of the sources of the surface cold water for the
cquatorial area in the north.

Standard topography generates in the North-
ern Hemisphere winter along shore wind of about
the right density and with a remarkable good
seasonal cycle, but the core is displaced by about
3 degrees longitude from its observed position.
The shear towards the coast is in general weaker
and the orientation of the jet is different. The
results ol these shortcomings is a situation that
is not favorable to the presence of energetic
upwelling in the arca. The meridional wind stress
shows similar signs in the same region. As an
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Fig. 19. Difference lor summer (JIA) precipitation between the Standard experiment (01 I-AMIP) and the Scripps
mountains experiment (012-AMIPSC). Significance levels at 5% and 1% are shaded. The contours are | mny/day
in the top panel and every 100 m plus the contours at 50 m and —50 m in the bottom panel. Negative contours

are dashed.
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Fig. 20. Difference for summer (JJA) precipitation between the Standard experiment (01 1-AMIP) and the Navy
mountains experiment (021-AMIPSC). Significance levels at 5% and 19 are shaded. The contours are 1 mm/day

in the top panel and every 100 m plus the contours at 50 m and —50 m in the bottom panel. Negative contours
are dashed.
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Flg 21. Summer evaporation for the Standard and Navy experiments (bottom). The contour in the top panel is

in kg/m’ s,

example, we show in fig. 24 the differences be-
tween the Standard and the Navy experiments
for the meridional wind stress. The shift of the
Andes gradient and the elimination of the artifi-
cial archipelago in the Pacific contribute to push
the surface stresses toward the Chilean coast.
The differences are small and therefore we can-
not conclude that we are obtaining a robust
result, however it can be taken as an indication
of the existence of a sensitivity in the area that
needs further investigation.
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5. Conclusions

A new filtering technique to eliminate Gibbs
oscillations from the spectral model has been
proposed. The method relies on the operational
construction of a kernel that allows a very tight
control on the filtering allowing an adaptive
modulation of the filter strength and character-
istic. The filter is applied to two mountains data
set from different compilations of mountains
for intermediate resolutions. The results of the
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Iig. 22. Diffcrences of evaporation between the Standard and Scripps experiments (top) compared to the
differences in the topographies (bottom). Areas significant at 5% and 1% are shaded and the contour in the top
panel is kg/m” s and every 100 m plus the contours at 50 m and —50 m in the bottom panel.
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Fig. 23. Differences of evaporation between the Standard and Navy experiments (top) compared to the differences
in the topographies (bottom). Areas significant at 5% and % are shaded and the contour in the top panel is
kg/m’ s and every 100 m plus the contours at 50 m and =50 m in the bottom panel.

82

n



Sensitivity experiments o mountain representations in spectral models

Difference DJF VSTR
Standard minus Navy

R R R, AT S

405 A

455 : ; : : ; : ; : :
180 170W  160W  150W  140W  130W  120W  TTOW 100w 9Ow

Difference Mountains
Standard minus Ncwy

W= : ’ ot ¥

.............................

255 -V

sl evsher gt o f A
oo A g
s T SR o

; : ‘;Sb'

458 : : t y — f — —=
180 170W  160W 150w 140w 130W  1Z0W 110W 100w 90w 30W TOW 60w

Fig. 24. Difference for winter (DJF) meridional wind stress field between the Standard experiment (01 1-AMIP)
and the Navy mountains data set (021). Significance levels at 5% and 1% arc shaded. The contour is 0.2 m in the
top panel and at —400, -300, -200, — 100, —50, 50, 100. 200, 300, 500, 800. 1000 m in the bottom panel.

n
oo
(8]




numerical experiments show that the general
circulation shows a marked sensitivity. The
differences in the data sets contributes to the
Jarge scale upper air eddy anomaly, but the small-
er amplitude of the small-scale orographic
variability in both «Navy» and «Scripps» data
sets, including the removal of Gibbs waves,
impacts the low level local fields, especially the
evaporation, and the precipitation in the Indian
Ocean.

The Scripps data set gives the best result for
the reproduction of the eddy anomalies, result-
ing in a substantial reduction of the systematic
error, whereas the Navy data set seems 1o offer
the best result for the low level fields.

The results also show that particular care
must be taken in the treatment of the surface
fields in the Southern Eastern Pacific. The ob-
servations show a meridional jet close to the
coast that contributes significantly to the gener-
ation of the coastal upwelling that is a compo-
nent of the ENSO dynamics in the equatorial
area, slightly to the north. However, the Stand-
ard model generates a jet that is too spread out
and displaced by about 500 km from the correct
position in the open Pacific ocean. The filtered
Navy mountains tend to produce a response in
the right direction, i.e. shifting the jet toward the
American coast. The effect is barely visible in
the experiments, but it may represent an indica-
tion that there is a potential sensitivity in the
area. This issue is potentially ol great impor-
tance in the context of coupling the model to an
ocean model to the effect of generating the right
feedback between ocean and atmosphere. It is
in fact clear that a systematic shift in the place-
ment of the coastal jet could generate a rather
large systematic response error, leading to the
eventual absence of any upwelling. The models
and the mountain representation should be care-
fully checked, and Gibbs waves and weak gra-
dients eliminated, for this kind of systematic
bias before coupling with ocean models.
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