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AN INTERCOMPARISON OF THE MET O 11 N45 MODEL AND THE MET O 20 11 LEVEL

MODEL ON THE CYBER 205

BY J F DYSON

25e Introduction

This paper is a report on a comparison between the N45 modell and the Met O
20 model2. The essential difference between the two models is in the
dynamics. The N45 model uses a split explicit scheme (Gadd 1978, Davies
1980) whereas the Met O 20 model uses a leap frog scheme (Saker 1975).

The potential advantage in using the N45 model is the reduced memory
requirement; because the split explicit dynamics requires only one time
level the memory required is virtually half that used by the leap frog
scheme. This would allow more room for diagnostics and/or a finer
resolution version. For the configurations described in table 1 the N45
model uses 75 seconds CPU time, 150 seconds elapsed for 1 day of model
integration; the corresponding figures for the Met O 20 model are 160
seconds and 290 seconds. Almost all the differences in CPU time are
because the Physics routines are called three times as often in the Met O
20 model. The extra difference in the elapsed time is due to the extra
diagnostic facilities used in the Met O 20 model. Thus, although the N45
model would be marginally faster, the main advantage of using it would be
because of its reduced memory requirement.

Of course there would be no point in Met O 20 adopting the N45 model if its
simulation of the climate were considerably worse than the Met O 20 model's

simulation. We have chosen two criteria for the comparison, one subjective

lpefinitions for the purpose of this paper:

'N45 model’ = Met O 11's 11 level global (128 x 91 grid points)
version of the Cyber forecst model with Physics
routines as described in Table 1.
2
‘Met O 20 model' = 11 level 2° x 3° version of the Met O 20 Cyber model
with Physics routines described in Table 1.



and one numerical.

The subjective criterion used is comparing the response

to fixed external forcing for January and June conditions. The numerical

criterion chosen was to study the mass and moisture conserving properties

of the two models.

In Section 2 the climatologies of the two models are compared and

contrasted with observations on the basis of one June and one January

integration.

In Section 3 the mass and moisture budgets are compared and

conclusions are drawn in Section 4.

25 Comparison of the Simulated Climatologies

A comparison of the characteristics of the two models is presented in Table

1.

Table 1: Comparison of Model Characteristics

Model N45 Met O 20
Grid Type Regular Lat-Long Arakawa B Regular Lat-Long Arakawa A
Resolution 2° x 2.81° (91 x 128 2° x 3° (90 x 120 points)
points)

Dynamics Split Explicit (without Flux form 2nd order centred
virtual temperature differences with a leap frog
effects) timestep (without virtual

temperature effects)

Timestep 20 min (this is the 71/2 min (this is the time—

advection timestep and
time between calls to

Physics routines)

step between calls to
Physics routines; the leap-
frog timestep is 15 min)



Noise Filter Non linear diffusion of Non linear diffusion of u, v

u, v € and q in o and © in o-surfaces
surfaces in the bottom 4 diffusion constant 1015m3
o-surfaces in p surfaces (for u, v) m¥s—1K for e
elsewhere; diffusion linear diffusion of g with
constant = 1015m3 (u,v), constant 104 (m2s-1)

m3s-1k(e), m¥*s~1 (q)

Stability Filter Fourier chopping Multipoint Filter
Boundary Scheme Richards Richards
Radiation Climatological Climatological
Evcon 9 9

Evcon is a parameter which appears in the convection routine. It controls
the rate at which precipitation evaporates as it falls. Increasing it has
a considerable effect on the precipitation distribution (Rowntree 1984). It
is worthy of note that the physics routines are called 22/3 times as often
in the Met O 20 model as in the N45 model. However the main differences are
in the dynamics and filtering routines, both stability and noise.

2a. The January Integrations

DCRX3 was a 42 day January climatological integration of the N45 model and
DCB8E was a 42 day January climatological run of the Met O 20 model. The
initial data for both runs were derived from day 8 of HGC4l. Means of the
last thirty days of each integration were used as the basis of the

comparison.

Figure 1 shows the zonal mean PMSL plots for DCS8E, DCRX3, Schutz and Gates
climatology and FGGE data meaned over January 1979. The most striking
feature is that DCRX3 and DCB8E are much closer to one another than either

is to Schutz and Gates climatology or FGGE data — at least north of 60°S.

lunfortunately there are differences in the initial soil moisture field. In
DC8E the initial data were interpolated from the IBM 11 level Kurihara
grid. The soil moisture content was set to 5 cm if the interpolated result
was greater than zero and zero otherwise. DCRX3 has initial data with a
more realistic SMC field. These differences may affect precipitation over
land, particularly over deserts.




This is particularly true in northern mid latitudes where both models
over—emphasize the trough at 60°-70°N (NB neither model has the so—-called
‘over deepening' correction to the boundary and convection schemel (Cullen
1982)). DCRX3 produces 988 mb, DC8S8E (990 mb) as against Schutz and Gates
climatology (1014.5 mb) and FGGE (1014 mb). In southern mid-latitudes,
however, DC8B8E does not produce a deep enough Antarctic trough. On the
other hand DCRX3 has a similar minimum to Schutz and Gates (within 2 mb).
At the time of writing no quantitative determination of the Met O 20
models' variability has been made, but ten day zonal means (Figure 2) and
the results shown by Rowntree and Mitchell (1982) suggest that the
differences between the climatological and model data sets are unlikely to

have occurred by chance.

Both DCRX3 and DC8E produce Icelandic lows of 972 mb (see Figures 4 and 5)
compared to the climatological 1000 mb (Figure 3). Relative to the
climatology both runs have the Azores high shifted eastward over the
Sahara. Both models have the Siberian high displaced southward to 45°N
with a central value of about 1032 mb. The equatorial trough — as defined
by the 1008 mb contour — is similarly placed in both integrations and close
to the climatological position. The maximum pressure at 60°N in the north
American ridge is about 996 mb in DCRX3, 1010 mb in DC8E and 1022 mb in the
climatology. On this criterion DCRX3 is simulating the climatology worse
than DCS8E. 1In both runs the mid latitude zonal flow is too strong. The
values for the globally averaged kinetic energies (KE) bear this out. In
Table 2 Kg is the standing eddy KE, Kp the transient eddy KE, Kg the zonal
and K the total KE all meaned over the last thirty days of the experiments
(this terminology is as in Table 4 of Rowntree and Mitchell 1982; note Kg

= Ky + Ks).

lvery recently the N45 model has been run with a 71/ min timestep and from
the same initial data as DCRX3. The minimum in the Northern Hemisphere
trough is 991 mb. Some of the differences between DCRX3 and DCSE,
therefore, may be explained by the difference in the timestep.



Table 2: Global KE for DCRX3 and selected January Met O 20 runs

Units J/Kg (M2s—2)

Experiment K Kz Kg Kp Kg/K
DCLC 180 102 37 41 .43

DC8K 194 97 32 65 .50

DCSE 182 105 36 40 .42

DCRX3 206 126 27 53 .38

MO3A FGGE - JAN+ 150 76 20 54 .49
FGGE - FEB+ 147 75 .18 54 .49

EC3B FGGE — JAN+ 162 Bl 19 61 .50

+ Omitting 0-50 mb

The time evolutions of the globally averaged zonal and eddy KE's for each
run are shown in Figure 6. DCSE appears to be relaxing towards an
equilibrium after increasing for the first 25 days. However in DCRX3 Kg
keeps increasing; DCRX3 has been run on for another 20 days and the trend
continues upward. At day 62 the Kz is 156 m2s~2 with no sign of a steady
state having been reached. This ties in with Figure 2a which shows the ten
day means of the zonally averaged PMSL field for DCRX3. As time goes on
the northern mid latitude trough becomes deeper and deeper. This is not
the case for DCSBE (Figure 2b). This suggests that excessive westerly flow
is a more serious problem in the N45 model than in the Met O 20 model.

Figure 7a and 7b show the westerly wind field, zonally averaged, in a
height latitude cross-section for DCS8E and DCRX3. Figure 7c¢ shows the same
for January FGGE data. Comparing the relative strength of the mid latitude
tropospheric jets we see that in DC8E there is a maximum of 42.3 ms—1 at
(33°N, 240 mb) whereas in DCRX3 the jet is not closed off but has a maximum
of about 45 ms~1 at 55°N above 100 mb. In the FGGE data for January the
maximum is 38.9 ms~1 at (30°N, 200 mb). Thus DCS8E represents this feature
much better than DCRX3. 1In the southern hemisphere FGGE data places the



southern mid tropospheric jet at (50°S, 250 mb) with a value of 33.8 ms—1,
Both DC8S8E and DCRX3 position the jet maximum at (43°S, 250 mb) with values
of 33.9 ms~1 and 31.1 ms—l. Bearing in mind the fact that the FGGE year
was exceptional (Trenberth 1984) it cannot be concluded that either model
is superior in this respect. Both models have the tropical easterlies too
strong reaching 8 ms—1 against 5 ms~l in the FGGE data. DCRX3 deviates
enormously from FGGE in the southern hemisphere stratosphere where
easterlies extend from the south pole to the equator above 100 mb with

values in excess of 25 ms~1l. DCS8E is much closer to FGGE in this respect.

The zonally averaged temperature in height latitude cross—section for DCSE,
DCRX3 and January FGGE data are shown in Figure 8a, 8b and 8c. Note the
'hot spot' of over 260°K in DCRX3 in the south polar stratosphere. This is
consistent with the excessive stratospheric easterlies described above. The
time evolution of this warming has been investigated. It was found that
most of the heating was confined to the o level second from the top of the
model atmosphere (o = .089) and (to a lesser extent) those above and below,
and from 90°S to 45°S. The zonally averaged temperature at (78°S, o =
.089) reaches a maximum on day 15 of 278K (228Kin the initial data). This
suggests that the stability filter (the N45 model is filtered from 90°s to
45°S) may be playing a role in the warming. The N45 model was run for 10
days from the same initial conditions but with diffusion on o—surfaces at
all levels and the same rapid warming occurred (in fact slightly more over
these 10 days), suggesting that the form of diffusion used is not
responsible for the warming observed. Note the anomalously high
temperatures seen in these cross sections near the surface in northern
latitudes. This does not reflect the actual temperatures produced by the
model but is an artifact of interpolating from o to pressure surfaces when

plotting these cross sections.

Elsewhere in the troposphere the differences (Fig 8d) are less than 2K
below 500 mb and at most 5K below 200 mb (except in the Antarctic
stratosphere as discussed above). The differences in the globally averaged
density weighted atmospheric temperature for which DCRX3 is 2.25K warmer

than DCS8E are mostly accounted for in the differences in the stratosphere.



Figures 9a, b and c¢ show surface temperatures for DCSB8E, DCRX3 and the
difference between them. The differences seen in surface temperature over
Southern Asia, Africa and South America are probably due to the differences
in the Soil Moisture content (Figures 10a, b, c)) which reflect the
differences in the initial soil moisture. The differences in surface
temperature in Canada are consistent with the surface winds (Figures 4 and
5) in that in DCRX3 more heat is advected from the Ocean (effectively the
Ocean is an infinite heat source (or sink) because of the fixed sea surface
temperatures) than in DCBE. Over Eastern Russia the colder surface
temperatures in DCRX3 probably reflect the fact that the low level winds

are more northerly than in DCSE.

We now consider the precipitation fields produced by the two models. Both
DCRX3 and DCSE produce global mean values of 3.45 and 3.26 mm day 1
respectively for the thirty day means. These may be compared with the
estimates of Jacobs (1968) of 2.94 mm day~1 for January and Jaeger (1976)
of 2.65 mm day—1 for the same period. In the zonal mean (Figure 11) both
produced peaks at 10°S with 9.1 mm day~l for DCRX3 and 8.45 mm day—1 for
DCS8E. In contrast both the climatological estimates shown in Figure 11
have local maxima at 6°S with a value of 5.3 mm day~1 (Jacobs) and at 7°S
with a value of 4.9 mm day—1 (Jaeger). In the case of Jaeger this is the
maximum zonal mean. Jacobs gives a maximum of 5.75 mm day—1 at 7°N. DCSE
simulates this feature well with a local maximum of 5.25 mm day—l at 5°N.
DCRX3 has a less pronounced local maximum of 4.70 mm day 1 at 7°N, nearer
to the value given by Jaeger of 4.8 mm day~1 at 2°N. In DCSE the
equatorial minimum is more pronounced than either of the climatological
estimates. In contrast DCRX3 has a local minimum at 2°N with values only
slightly below the two climatological estimates. The local minimum at 20°N
seen in both climatologies is reproduced in both runs. Neither model
reproduces the large local maximum at 60°S seen in Jaeger's climatology but
absent from Jacobs'. In summary both reproduce the main climatological
features with the exception of producing too large a maximum at 10°S. DCSE
produces values generally closer to climatology than DCRX3 but the

difference is slight.




The global precipitation patterns are shown in Figures 12 and 13 with
climatology shown in Figure 14. The shaded areas — mean precipitation
greater than 5 mm day—l1 — show a broadly similar structure in both runs.
There are some differences, however, in positioning and intensity. For
example DCB8E has more intense rainfall over Brazil and in the south
Atlantic off the coast of Brazil. The band of precipitation in the
neighbourhood of the equatorial Atlantic - the models' simulated ITCZ - is
positioned on and just south of the equator in DCSE and just north of the
equator in DCRX3. 1In the Indian Ocean the region with rainfall greater
than 5 mm day~l extends from Africa over Indonesia and into the Pacific in
DCRX3, whereas in DCBE in the eastern Indian Ocean there is considerably
less precipitation. In general in the tropics precipitation in DCRX3 is
more widespread and less intensely localized.l The global maximum for DCSE
is 56 mm day~1 at 163 E, 9°S and for DCRX3 40.5 mm day~ 1 at 163°E, 10°S. In
relation to climatology the intense rainfall along the ITCZ is more
faithfully reproduced by DCRX3 - particuarly in the Indian Ocean. The
areas of low precipitation in the southern oceans, as judged by the

1 mm day~1l contour, are well represented by both models. In the Pacific,
just off the south west of Mexico, both models have a local maximum of

20 mm day—1 a feature not seen in the climatology. It is associated with a
local maximum in the sea surface temperature. Both models overestimate, by
a factor of two the rainfall associated with the north Atlantic and north
Pacific depression belts. This is consistent with the excessive depth of
these deprssion belts (Figures 3-5). The roughness in the precipitation
north of 60°N and south of 60°S in DCRX3 is believed to be associated with
the type of filtering used. 1In the fine mesh forecast model a similar
precipitation pattern was observed when Fourier filtering was being used

and was removed with the introduction of the multipoint filter.

lThe differences in the Initial soil moisture fields are probably at least
partially responsible for the differences in rainfall over equatorial Africa seen
in the 30 day mean. They could have some effect on the extra-tropical
circulation.



2b. The June Integrations

The N45 model integration DCRX1 and the Met O 20 2° x 3° integration DCl1l
both started from the same initial data JUNIDATA (which was derived from
the operational analysis for June 27th 1983) and use June SST and July
radiationconditions. The means of the last 30 days of the 50 day
integrations are compared here with July FGGE data and Schutz and Gates
climatology although a June comparison might be more appropriate in view of
the SST's.

The zonal means of the PMSL fields for DC11l and DCRX1l are plotted in figure
15 together with Schutz and Gates July climatology and FGGE data for July
1979. The climatological trough at 65°N is about 11/, mb deeper in DCRX1
than in both the climatologies; DCll reproduces this feature more
faithfully, although this is probably within the noise level of the model
integrations. From 60°N to 20°S both DCll and DCRX1 are close to the
climatologies although it should be noted that in the tropics DCRX1 is up
to 2 mb lower than DCl1l (DCll lies between the climatologies). DCRX1l is
about 4 mb too high at the southern sub-tropical ridge; DCll is also too
high but less so. DCll1l has the Antarctic trough close to the FGGE value at
975 mb (FGGE 980 mb) although the tailing off of pressure south of this is
unrealistic but characteristic of Met O 20 northern summer runs. (It
should be noted here that Trenberth's (1984) analysis of station data shows
that the July 1979 pressures were exceptionally low in this area). In
DCRX1 the Antarctic trough is a more well defined feature but its minimum
is nearly 10 mb deeper than FGGE [NB south of 75°S comparisons are dubious
because of the high topography].

Figures 16 to 18 show PMSLfields for DC1ll, DCRX1l and Schutz and Gates July
climatology respectively. In the less active northern hemisphere the two
runs are very similar. In both integrations the intensity of the Azores
high is close to climatology. Because of the positioning of the Azores
high, however, neither model reproduces the westerly flow over the British
Isles seen in the climatology. The north Pacific high, as delineated by
the 1024 mb contour, is too elongated in both integrations. The monsoon
low, as defined by the 1000 mb contour, is well reproduced in both runs.
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As seen in the zonal mean (fig 15) DCRX1l produces too low a pressure along
the equator particularly in the Indian Ocean. The southern sub—-tropical
ridge, as defined by the 1020 mb contour, (see also fig 15) is stronger
than observed in both DCRX1 and DCl1l in the Eastern and Western Pacific and
in the southern Atlantic. Over southern Africa and the Indian Ocean the
sub-tropical ridge is too weak in DCl1ll but again too strong in DCRX1l. The
westerly flow around the southern oceans is too intense in both models,
with DCRX1 having the tighter gradients (this is borne out by the ZKE of
DCRX1 in the band 30°S to 90°S of 305 m2s~2 against 267 m—2s~2 for DCll).
Both runs produce minima of less than 968 mb off the Antarctic coast well
below this climatological minimum of about 980-985 mb. In summary: both
models reproduce the norhtern hemisphere PMSL patterns reasonably well.
The southern sub—-tropical high is over—-emphasized in both runs,
particularly DCRX1, and mispositioned in both. DCRX1l over—-emphasizes the
Antarctic trough relative to both FGGE data and Schutz and Gates
climatology. DCll is closer to FGGE in this respect — at least in the

zonal mean.

The zonal, standing eddy and transient eddy kinetic energies are shown in

table 3. Again the terminology is as in Rowntree and Mitchell (1982).
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Table 3: Global K.E. for June and July for DCRX1l, selected Met O 20 runs
and July FGGE data.

K Kz Ksg Kp Ke/K
DCAC 161 100 21 40 .38
DCAD 156 98 24 34 .37
DCAK 178 102 21 55 .43
DCJK 177 102 24 51 .42
+ pcii 161 115 15 31 .29
+ DCRX1 157 112 16 28 .28
X MO3A FGGE July 133 74 14 44 .43
x EC3B FGGE July 137 75 13 49 .45
+ June SST's: July radiation

X Omitting 0-50 mb (see Tech Note 204)

The most obvious feature of this table is how similar DC1ll and DRCX1l are in
the partitioning of the Global Kinetic energy. Compared to the July FGGE
analyses (both MO3A and EC3B) the zonal kinetic energy is too high and the
transient eddy kinetic energy too low in both runs. Note that the
difference in transient eddy K.E. between the N45 and the Met O 20 models
in the January runs is far larger than in the June runs and of opposite
sign. The ratio of total eddy K.E. to total K.E. is too low in both runs.
The zonal K.E. is slightly higher in DC11l than in DCRX1; however, as
mentioned above, the zonal kinetic energy in the band 30°-90°S is
considerably higher in DCRX1 (305 m2s~2 vs 267 m2s~2) reflecting the deeper
Antarctic trough seen inthe zonal PMSL for DCRX1 (fig 15). Figure 19 shows
the time evolution of zonal and eddy kinetic energy. Unlike the January
runs the N45 run appears to have reached an equilibrium in zonal kinetic
energy at a similar level to DCll's. The eddy kinetic energies are also
similar, oscillating about a similar mean but with a different phase.

0 5 8



Figures 20a, b and ¢ show height—latitude cross-sections of zonally meaned
westerly wind for DCRX1, DCll and July FGGE (EC3B analysis) respectively.
Taking the intersection of the 10 ms—1 contour with 950 mb as an indicator
of the surface westerly flow in southern mid-latitudes, we see that in
DCRX1 this area stretches from 44°S to 62°S, in DCll from 45°S to 59°S and
in July FGGE from 49°S to 62°S. Thus by this measure the surface
westerlies are excessive in DCRX1 and too far north in DCll. Both models
simulate well the overall structure and intensity of the southern
mid-latitude tropospheric jet. The northern mid-latitude tropospheric jet
is too far south in DCRX1 but the strength is correct; DCll positions the
jet well in terms of latitude but a little low and the strength of the jet
is slightly less than the FGGE data. The easterlies in the tropical

stratosphere are too strong in both models.

Figure 2la, b and ¢ show height-latitude cross—sections of zonally meaned
temperature for DCRX1l, DCll and July FGGE data. Fig 21d shows the
difference between DC1ll and DCRX1. As in the January case the largest
differences are in the stratosphere. (The low stratosphere (o = .022)
temperatures in DC1ll and DCS8E are due to diffusion on © surfaces.

Diffusing a linear combination of © and T cures this to a large extent (see
fig 6 of Rowntree and Mitchell)). DCRX1l gives a much more faithful
representation of the tropopause than DC1ll when compared with FGGE July.
Again, as in the January case, the horizontal interpolation of fields on
pressure surfaces means that spuriously high temperatures, which are not
actually in either model appear in these cross-sections near the surface in
high latitudes. Large differences, however, are seen over Antarctica
between both model runs and FGGE July data. For example at 600 mb at the
South Pole both models are nearly 10 K colder than FGGE, though the

difference is quite local with similar temperatures at 70°S.

The zonally averaged total precipitation for DCRX1l, DCll, Moller's July
climatology and Jaeger's June climatology are shown in figure 22. Both
runs produce excessive amounts of precipitation in the global average with
respect to both climatological estimates. DCll produces 14% and DCRX1 16%
above Jaegers (the more recent) estimate of the global mean. The zonal

means in the two runs are very similar. Both have a spurious maximum at
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65°N, when compared to the two climatologies. There is another spurious
feature, at about 7°S, common to both runs. Elsewhere both runs have a
similar qualitative structure to the climatologies but in general the

values are about 15% larger.

Figures 23a, b and ¢ show the total precipitation fields for DCRX1l and DCl1l
and the difference between the two. Figures 24a and b show the
climatologies of Moller and Jaeger. The most striking feature, at least to
the eye, is how similar the two runs are. The difference chart seems to
suggest otherwise. However, for example, in the central southern Pacific
the shaded area in DC1l1l (>5 mm day 1) is of similar shape to but slightly
smaller than the shaded area in DCRX1 but positioned to the north of it.

In general although the overall pattern looks similar the difference chart
shows that the positions of the precipitation bands are shifted. When
compared to climatology the large spurious maximum at 65°N in the zonal
mean is manifested as excessive precipitation over North America and
Siberia in both runs. The spurious maximum at 7°S in the zonal mean is
accounted for by excessive (as delineated by the >5 mm/day area) rainfall
in the central Pacific and Indian Ocean. It is quite possible that Jaeger
has got the Indian Ocean intensity wrong here; Jaeger's S.E. Pacific data
is probably closer to reality because of the higher density of land data.
Neither Moller nor Jaeger show an area of greater than 5 mm/day in the
south east Pacific whereas both models do. Jaeger has an area of greater
than 5 mm/day~1 south of the equator in the Indian Ocean but of much lesser
extent than either model. Moller does not show any here. The area of high
precipitation associated with the Monsoon low extends too far westward from
India in both models when compared to Moller but is in reasonable agreement
with Jaeger. In DCll1l it does not extend into the west Pacific as is seen
in the climatologies. In this respect DCRX1 is in much better agreement
with the climatologies. As in the January run DCRX1 is afflicted by

gridscale roughnesses in the precipitation field in high latitudes.
To summarize: these two runs are much closer to one another than the

January runs are to each other. But as in the January cases the two runs

were much closer to one another than to the observed climatology.
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3. Mass and Moisture budgets

When doing long term climate studies, as opposed to a ten day forecast say,
it is important that quantities conserved (locally or globally) in nature -
or rather by the continuous system of equations — should be conserved as
closely as possible by our discrete model. These quantities include total
mass, water content and total energy. Construction of an energy budget
would have required the development of more diagnostics than seemed
justified for this study. Accordingly only a mass and moisture budget have

been done.

DCRX3 loses .038 mb day—l over the last 30 days compared to .0012 mb day 1
for DCS8E (DCBE is typical of Met O 20 runs in that other January Cyber
integrations also lose less than .01 mb day~1l). FPor the June runs, when
averaged over the last 30 days of each run, DCRX1l loses .0l15 mb day—1
whilst, in contrast, DCll loses less than .005 mb day~l. These differences
are presumably due to the form of the N45 model dynamics which are not
written in flux form. Attempts have been made (Duffy 1981) to write the
split explicit scheme in flux form but this variant of the scheme became
rapidly unstable. Another possible factor in the difference in the rate of
mass loss between the two schemes is in the stability filtering. In the
N45 model PMSL is filtered (inherently non conservative) whilst in the

Met O 20 model the px increments are filtered.

The N45 model also performs less well at moisture conservation. Not only
is the moisture advection equation not written in flux form but the
diffusion of specific humidity inthe N45 model is non linear as opposed to
linear in the Met O 20 model. Another important difference between the
models is the treatment of negative specific humidity when it occurs. In
the N45 model if a negative specific humidity is produced at a point it is
set to zero. This is effectively a spurious source of moisture. In the
Met O 20 model if a negative specific humidity appears in a grid box then
the fluxes of moisture to and from the neighbouring grid boxes are set to
zero at the next timestep if (and only if) their effect is to make the
humidity more negative. This procedure is conservative. To give a fairer

comparison between the models a mass weighted global mean of negative
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humidity (ie the total source of moisture attributable to the zeroing of
negative specific humidity) meaned over each day was computed and included
in the budgets for the N45 model (referred to as A.N.H. or accumulated

negative humidity).

Table 4: Global moisture budget: meaned over last 30 days (mm day—1)

Experi—~ Precipi- Evapor- E-P A.N.H. A.N.H. + Change in
Discrep—ment tation (P) ation (E) (E-P) global q
ancy

DC8E 3.25 3.20 -.05 n/a n/a =05 <.01
DCRX3 3.45 3.13 =332 A8 -.14 -.04 .10
DC11 3.38 3.32 -.05 n/a n/a —-.06 .01
DCRX1 3.45 3.26 = k9 10 =,03 -,03 .01

Two points arise from this table. First note the enormous improvement
taking A.N.H. into account makes for DCRX1l and to a lesser, but still
considerable, extent for DCRX3. When it is taken into account the
discrepancy is reduced from .32 to .10 mm day—l for DCRX3 and from .16 to
less than .01 mm day—1l for DCRX1l. (Since writing the first draft the
January run of the N45 model has been re—run with a 71/2 min timestep; the
discrepancy in this case was .025 mm day~1 75% down on the 20 min
timestep). The second point is that DCS8E is still considerably better, in
this respect, than DCRX3 with a discrepancy of .0012 mm day—1 (cf table 8
of Rowntree and Mitchell Tech Note 194). The discrepancy in DCRX3 is
consistent through the last 30 days being roughly the same for each of the
three ten day periods which make up the last 30 days.

4, Conclusions
In terms of the simulated climatology the main conclusion, on the basis of
these two experiments, is that the two models are much closer to one

another than to climatology. The main differences are summarized in table

5. In the case of the June runs it is not possible to select one in
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preference to the other. However in the January case there is some
evidence that the Met O 20 model run performs better in that the N45 run
does not approach equilibrium in Zonal Kinetic Energyl and, associated with
this, the surface westerlies in northern mid-latitudes are more intense in
DCRX3 than in DC8S8E. Allowance for the atypical nature of FGGE July would
suggest that the N45 model has a similar problem in the southern winter
though perhaps not worsening with time. The roughness seen in high
latitudes in the precipitation field in the N45 runs are probably due to
the Fourier filtering employed in the model. The evidence for this is that
the Fine mesh forecast model exhibited this feature when Fourier filtering
was used but the precipitation field became smoother when a multipoint

filter was employed instead.

For use as a model in climate simulations the N45 model does appear to have
some drawbacks when compared to the Met O 20 GCM. Firstly the N45 model is
not as good at conserving mass. It is possible that a change in the
stability filtering in the N45 model might improve this. A harder problem
to overcome would be the N45 models failure to conserve moisture. Firstly
a more realistic way of dealing with negative humidity would be needed.
Even if this were achieved the results of the moisture budgets suggest that
the N45 model can be (ie in the January case) unexpectedly bad in
conserving total water content. To improve it further would probably
require a fairly drastic reformulation of the split explicit scheme.

lmhe 71/, min timestep run of the N45 model also suffers from this fault although
the growth rate of Zonal Kinetic Energy is less (see DCRX4 in figure 6).
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Table 5: Summary of the main differences between the N45 model and the
M O 20 model.

N45 better Met O 20 better
JAN Antarctic trough North American Ridge
Kep N.H. Jet structure

S.H. Stratosphere

Kz

(in particular the non equilibrium
of Kz in the N45 model)

JUNE Tropopause S.H. Westerlies
(but a T+be diffusion

corrects this defect

in the Met O 20 model)
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