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Abstract

January and July simulations from multi annuél integrations made with the
Meteorological Office 5 and 11 layer models are compared. The differences
between the simulations are discussed and, where possible, explained in terms
of the model formulations. The model integrations are also compared with

climatological data, and the most serious model errors are considered.

Introduction

For short term forecasting, the quality of the initial data and the accurate
representation of atmospheric dynamics are of prime importance. As the range
of the forecast is increased, it becomes more important that the model has a
realistic climatology. Errors in the model climatolog& may not only arise
through shortcomings in the model's dynamics, but also through deficiencies in
the parameterization of physical processes such as radiation, which are
effective over a longer time scale. A knowledge of the difference between the
model and observed climatology alone may not indicate the change required in
the model. It is more instructive to study how this difference varies between
models. In this paper, the simulations from the Meteorological Office 5 and 11
layer models are compared and discussed. Where possible, the differences are

explained in terms of the model formulations.
The 5 layer model (5IM) has been integrated for 40 months, and the 11 layer

model (11LM) for 12 months. Both models incorporate the seasonal variation of

solar radiation, sea surface temperatures, sea-ice extents, ozone amounts and
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cloud cover (which is zonally‘averaged in each model). This descriptive note
records the main differences in the simulation of climate by the two models.

For brevity, only the July and January climates will be considered in detail.

The basic 5IM has been described by Corby, Gilchrist and Rowntree (1977), and
Slingo (1980) includes details of the amendments which were made to incorporate
soil moisture and snow variables and an annual cycle. Details of the
prescribed zonally averaged ozone and cloud ére given by Bolton (1977, 1981).
Various aspects of the integration have been considered by Parmer (1979,
surface pressure), Slingo (1979, radiation), and Mitchell (1981a, zonally
meaned surface pressure and precipitation, 1981b, hydrology). The basic 11LM
is described by Saker (1975). Other aspects are described by Lyne and Rowntree
(1976, convection), and Walker (1977, radiation and 1978, cloud). The
specification of cloud and ozone amounts was similar to the 5LM. An assessment
of the precipitation patterns has been made by Cunnington (1979). A summary of
the main differences in the models' grids, and their treatment of the surface,

the boundary layer, radiation, convection and diffusion are shown in Table 1.

More than one integration is needed to establish the climatology of the model
for a particular month, as each model has an inherent internal variability.
This variability should be taken into account when comparing results from
different models. Most of the differences discussed in this paper are apparent
in other integrations which have been made with the two models but are not

described here.
In some instances, only the July simulations will be compared as climate in the

northern hemisphere is less variable then than in January, and differences are

less likely to be due to the models' inherent variability.
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2. Simulation of surface pressure

Both models produce higher pressure than observed over the summer pole (Fig.1).
The 11LM produces a deeper (and more realistic) southern circumpolar trough
throughout the year. This is positioned further south in the 11IM, especially
in July. Both models, particularly the 11LM, produces westerly flow in
northern mid-latitudes in winter which is stronger than observed. The loweer
surface pressure found near the winter pole in the 11LM simulation may result
from the finer vertical and horizontal resolution. Increasing the horizontal
resolution in the 5LM produced generally lower pressure over the winter pole
(Hills, 1978, 1982). The southern hemisphere subtropical ridge is found
further south in the 11LM, and is stronger, especially in January. In general,
the surface pressure in the 11IM is higher in low latitudes and lower in high

latitudes.

In July the 11LM generates much lower pressure (for low latitudes) over
southeast Asia and the adjoining sea areas (Fig.2). The pressure is some 5 mb
lower than observed (Fig.2(d)) in the Bay of Bengal, and 10 mb lower thén
observed to the south of Japan. The model also produces excessive convective
rainfall in these regions (see later). The Azores anticyclone is further
south, and the Pacific anticyclone is weaker than in the 5LM, giving a band of

lower pressure over the oceans near 45°N.

In January, the northern continental anticyclones are much stronger in the 11LM
simulation (Fig.3), and the main cells over Spain and eastern Asia are found
further poleward. This gives a more realistic representation of the Siberian
anticyclone (Fig. 3(d)), but exaggerates the westerly flow over Europe. The
pressure in the 11LM is generally higher in low latitudes, but note the
relative troughs over the ocean east of Madagascar and northeast of Australia

which may arise from or contribute to the excess precipitation found there.
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(a) 11-layer model

M20.EXHGS303.MEAN.D34 27372 PMSL
MEAN JULY PMSL CONT.INT.=z 5MB.

SHADING > 1020 MB

(b) 5-layer model

EXTETMN.F . JUL234 PHSL :
HERN JULY PHSL CONT.INT.= SHB. SHADING > 1020 MB

Fig.2 Monthly mean sea level pressure for July.
Contours every 5 mb, shaded where greater than 1020 mb.
(a) ll-layer model (b) 5-layer model (mean of 3 Julys).
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The difference (a)-(b)

Fig.2(c)

Contours every 5 mb, shaded where negative.
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(a) 11-layer model

M20.EXHGS303 .MEAN.D161T03] PMSL

MEAN JANUARY PHSL CONT.INT.= SMB. SHADING > 1020 MB
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(b) 5-layer model

EXT6THMN.F . JAN234 PHSL
MEAN JANUARY PHSL CONT.INT.= SHB. SHADING > 1020 #B

Fig.3 Monthly mean sea level pressure for January
Contours every 5 mb, shaded where greater than 1020 mb.
(a) 1l-layer model (b) ©5~layer model (mean of 3 Januarys)
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Contours every 5 mb, shaded where negative

Fig.3(c) The difference (a)-(b)
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3. Precipitatién

The globally averaged annual mean precipitation rates from both models lie
within the range of climatological estimates (Table é). The 5ILM has about 50%
more precipitation over land than observed, whereas the 11LM has slightly 1less
than observed. Over land, precipitation in the 5IM is heavier in:the tropics
and winter subtropics {Fig.é(a), (b)).4 Over the oceans, it is heavier in the
11LM between 10° and 30° of latitude in the summer hemisphere (Fig.4(c), (d)),

and in high northern latitudes in winter where the surface pressure is lower.

If we considef differences over land»in July (Fig.5), we find the not radiative
heating at the surface is up to 25 wM—2 greater in the 5LM. It appears that in
some regions the downward flux of longwave radiation is gréater in the 5LM,
probably because the atmosphere is moister. However, at certain latitudes in
the 11LM where the surface is drier, the surface temperature is higher, and the
associated increase in the upward flux of longwave radiation also contributes.
(The large increase north of 60°N is due to differences in the treatment‘of'
curface albedo). The increaée in surface heating may lower the Sﬁrface
bressure over the continents by intensifying the heat lows (See Rowntree and
Walker, 1977), and increase the turbulent (latent and sensible) heat fluxes.

In the tropics, increase in upward flux of latent heat in the 5IM is greater
than the increase in radiative heating. This indicates that the upward flux of
sensible heat is smaller in the S5IM. 1In other words, the 5LM converts a
substantially greater fraction of the available radiant energy intoklatent
rather than sensible heat. This could be because the surface is’wetter, but a
direct comparison cannot be made as the limits on soil moisture and its effect
on evaporation are not the same in the two models (see Table 1.) However, by

comparing

_ Zonally meaned soil moisture content
Soil moisture content for potential evaporation
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Table 2

GLOBAT, ANNUAL MEAN WATER BUDGETS

(mn/yr)
LAND SEA ALTL,
PPTN EVAP RUN OFF | PPIN EVAP PPTN
5L model 1160 595 575 1067 1387 1055
11L model 613 398 . 215 1278 1381 1037
Korzun (1974) 800 485 315 1270 1400 973
Baumgartner and 748 481 267 1067\ "7 1130
Reichel (1973)
Budyko (1970) 719 430 289 1141 1260 1020
Lvovitch and 725 483 242 1141 1241 1020
Ovchinnikov (1964)
M81ler (1951) 665 416 249 897 1000 832
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ZONALLY AVERAGED PRECIFITATION ¢ mm [DAY)

LAND & ICE POINTS
12

(a) July 1 (v) January
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Fig.4 Zonally averaged precipitation (mm/day). Dashed line-111LM, solid line-~5LM
(a) Land and ice points, July (b) Land and ice points, January
(c) Sea points, July (d) Sea peints, January
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Fig.5 July zonal differences (5-11 layer model) over land and ice points.

Solid line-precipitation, dot-dashed line - evaporation,
dashed line-radiation.

Left hand scale, evaporation/precipitation in mm/day,
right hand scale, equivalent latent energy in Ww/m=2,
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shown in Fig.6 as a function of latitude, it can be seen that the soil moisture
will limit evaporation much less in the lower resolution model in the tropics

and northern subtropics.

In low latitudes, the difference over land in precipitation is still greater
than the difference in evaporation (Fig.5). This implies greater moisture
convergence over land in the 5LM. There are local maxima in the pressure
difference (11LM -~ B5LM) over the southeast of North America, northern Brazil,
southeast Afri;a and the eastern coast of Asia in July (Fig.2(c)) and ovef
northern and eastern South America, southeastern Africa in January (Fig.3(c)),
indicating greater low level convergence in the 5LM. Note also the lower
pressure found in the coarse grid model over Eurasia near 50°N in January. As
one might expect, the 5IM produces hea?ier precipitation in all these regions
(Figs.7(c), 8(c)). In some other tropical regions (for example, East Africa in
January and parts of North Africa in July) precipitation is lighter in the
11LM, leading to high surface temperatures and shallow low level convergence

with little precipitation, as discussed by Walker and Rowntree (1977).

The most striking difference in the precipitation patterns is to be found in
the tropics between 60°E and 150°E. 1In July (Fig.7(d}), the 5LM produces
excessive rainfall over the Indonesian islands, some points producing well over
40 mm/day, with rates around 5 mm/day over the ocean to the north, whereas the
11LM produces less than 5 mm/day over the islands, and substantial areas with
greater than 20 mm/day over the ocean to the north. The heavier precipitation
in the high resolution model is associated with lower pressure in the region
from the Arabian Sea to the south of Japan. (Compare Figs. 7(c) and 2(c).).
Although the 11LM is generally drier over land, this is not so over southeast
Asia, the monsoon being more vigorous in the fine resolution model (Newman,
1981). Lower pressure over land and a wetter atmosphere over the ocean upwind
may contribute to this anomaly. WNote that the 11LM gives a trough of lower

pressure in high latitudes in each hemisphere at the same longitude as the

increase in tropical precipitation. Similar differences «are found in January
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(Fig.8). The 11LM produces heavier precipitation over the tropical oceans near
45°E, where there is also a relative trough in surface pressure (Fig.3(c)), and

around the Indonesian islands.

Climatological estimates (Mdller, 1951), suggests that rainfall is less than 10
mm/day over most of the ocean around Indonesia. The 11LM penetrative convection
scheme appears to be the cause of this excessive precipitation. When this
scheme is replaced by a convective adjustment process, the excessive rainfall
rates over much of the tropical oceans are considerably reduced (Fig.9, see
also Cunningtan, 1979). The areas where the decrease is greater than 10 mm/day
(shaded in Fig.9) largely coincide with those where precipitation is greater
than 20 mm/day over the ocean (Fig.6(a)). There are, however, increases in

precipitation over Southeast Asia and parts of the tropical Pacific Ocean.

Rowntree and Cunnington (private communication) have recently investigated the
sensitivity of precipitation to changes in the evaporation of convective
vainfall using a version of the 11 layr model on a 2° x 3° latitude longitude
horizontal grid. The evaporation is proportional to the humidity deficit in
the layer through which the precipitation is falling. When no evaporation is
allowed, they find that the excessive precipitation over the tropical oceans is
largely removed, and there is on average an increase in precipitation over the

tropical continents.

The distribution of rainfall is closer to that of the 5 layer model, where the
coefficient of proportionality used in the evaporation of precipitation is much
smaller than in the original 5 layer model. Although this partly expiains the
differences in tropical rainfall between the low and high resolution models, it
should be remembered that there are other differences in treatment of

convection, and in other aspects of the model which could contribute.
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(a) 11-layer model

H20.EXHGS307 .MEAN.D34L2T372 PRECIPITATION
(CONT.INT.=20MM/DAY. EXTRAS AT 2.5 & 10 MM/DAY. SHADING > S MM/DRAY]

) -
- — [ s
=k L T
{v) 5-layer model
EX767MN -F -JUL234 PRECIPITATION

(CONT.INT.=20MM/DAY. EXTRAS AT 2.5 & 10 MM/DAY. SHADING > 5 MM/DAY)

Fig.7 Monthly mean prec¢ipitation for July

Contours at 2, 5, 10, 20, 40 mm/day, shaded where greater than 5 mm/day.

(a) 1l-layer model (b) 5-layer model (3 - year mean)
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PRECIPITATION DIFFERENCES
SHADING < 0 MM/DRY)

EXTRAS AT 2.5 & 10 MM/DRY.
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Fig.7c The difference (a)-(b)

+10, 20, *40 mm/day, shaded where negative

+2, +5,

Contours at O,
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(a) 11-layer model

MO YBGYICTLMERN LB BT PRECIFITATION
CUONTCINT L= 2GMM BAY . EXTRAS 1] 2.5 & 10 MMAORY . SkeGING » G MMl

(b) 5-layer model

EX767TMN.F . JAN234 PRECIPITATION: -
(CONT.INT.=20MH/DAY. EXTRAS AT 2.5 & 10 MM/DAY. SHRDING > 5 HMM/DAY)

Fig.8 Monthly mean precipitation for January.
Contours at 2, 5, 10, 20 and 10 mm/day, shaded where greater
than 5 mm/day.
(a) 11 layer model (b) 5 layer model (3 year mean)
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+40 mm/day, shaded where negative.

The difference (aS—(b)
+2, +5, +10, *20,

Contours at O,

Fig.8(c)
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Evcpo'rofion (mm/day)
Land points

90 N . N N N s » . . . N N s 90 N

90 5 v v v v v v v v 1 90 §
AUG SEPT ocT NOV DEC JAN FEB HAR RFR HAY JUNE JULY RUG
TIHE INTERVAL (MONTHS)

<0 > 7

mm/day

Fig.10(a) Time latitude diagrams of evaporation from the land surfaces
of the l1l-layer model. Contours every 0.5 mm/day, dark
shading where >2.0 mm/day, light shading whera <0.0G mm/day.
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Evaporation (mm/day)

Land points

60°N

30°N

30°S

90°S
OCT JAN APRIL JULY.

mm/day

Fig.10(b) As Fig.(10(a), but for the 5-layer model.
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4. Evaporation

The geographical distribution of Qifferences in evaporation over land is
reasonabiy zonal, and hence is not shown. One can see from the time-~latitude
diagrams (Fig.10) that the 5IM gives more evapcration at most latitudes between
30°5 and 30°N (50° in northern summer). 1In ilcw latitudes the differences are
smallest in the summer hemisphere, when there is an abundant supply of moisture
to the surface in monsoon rainfall, and are greatest in the winter hemisphere,
when precipitation is light and the surface dries out. WNote that the soil
moisture in the 11LM is limited to 15 cm, and so it cannot accumulate as much
moisture in tﬁe rainy season. One can see in Fig.10(a) that evaporation has
decreased in low latitudes during the course of the year. There is little
systematic  difference in the zonal weans of evaporation over the oc¢eans from

these two models.

5. Summary

The 111LM generates lower pressure in high latitudes and southern mid-latitudes
than the 5LM, and produces much strdhger westerly flow over Europe and

northern Asia in winter. Precipitation rates over the tropical oceans are
unrealistically high in the 11LM, probably as a result of the penetrative
convection scheme used, whereas in the 5LM, precipitation over land is 50%
higher than observed. The higher continental precipitation is probably due in
part to greater evaporation and increasizd low level convergence. There is more
evaporation as the surface is effectively "wetter", and there is mores radiant

energy available at the surface for conversion into latent heat.
The excessive westerly flow in nortPern mid-latitudes in winter and the

excessive precipitation over the tropical oceans are serious shortcomings which

should be investigated as soon as possible.
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