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In order to study the relevance of mesoscale processes to the large-scale mean climate in coupled and atmosphere-only
GCMs, the UK-Japan Climate Collaboration project has developed a model matrix composed of atmospheric resolutions at
135km, 90km and 60km, and ocean models of 1 degree and 1/3 degree, all based on the Met Office Hadley Centre HadGEM 1
formulation. The four coupled models in this matrix have been integrated for over 50 years, and the atmosphere-only models
for 24 years (AMIP2-mode), so that both mean climate and its variability can be studied.

A wide variety of climate system processes have been studied to understand the impact of enhanced resolution. The simula-
tion of the El Niflo-Southern Oscillation (ENSO) is much improved in the high-resolution coupled model, related to an
improved mean state produced by the explicit representation of tropical instability waves in the ocean. The distribution of
tropical cyclone strengths indicates that a larger proportion of intense events develop at higher resolution, with important con-
sequences for climate and weather impacts work. While the Madden-Julian Oscillation seems to be less sensitive to model res-
olution, experiments in which convective processes are adapted to model resolution show improvements in the representation

of the diurnal cycle.
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1. Introduction will also help to define the appropriate resolution for the
The Earth Simulator Center (ESC), NERC's National next generation MOHC models such as HadGEM3.

Centre for Atmospheric Science (NCAS-Climate) at the

Walker Institute, and the Met Office Hadley Centre 2. Project status

(MOHC) signed a Memorandum of Understanding for 5 During the course of 2006, multi-decadal integrations of

years in 2002, to collaborate on advanced climate system at least 50 years of the coupled model matrix (four models)

research. Our aim is to produce ground-breaking climate were completed, together with 20 year AMIP atmosphere

simulations on the Earth Simulator, by developing high reso- integrations (three models); see Table 1 for details. This rich

lution models derived from the MOHC HadGEM1 model resource of model data is now being exploited, in collabora-

[1], including 150km, 100km and 60km atmosphere, and tion with the HIGEM consortium in the UK, to understand

100km and 30km ocean resolution models. Higher resolu- various climate processes including: ENSO, the MJO, the

tion models will enable the representation of smaller scale Indian summer monsoon. Given the high resolution capabili-

processes, and it is the interaction of such processes with ty of the Earth Simulator, we are also investigating contribu-

both the large-scale mean climate, and other emergent  tions by weather elements not normally resolved by climate

processes, that will help to better understand and reduce models, such as mesoscale convective complexes, tropical

model uncertainty as well as building scientific capability. cyclones and tropical instability waves.

Such resolutions are also essential to represent regional

detail for climate adaptation and impacts work. Our research
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The UJCC model matrix after 2 years
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Table 1 The UJCC matrix of coupled and AMIP atmosphere-only model integrations.

2.1 Model development, optimization and analysis tools

The primary model development and optimization effort
has concentrated on the 60km NUGAM model, in order to
improve model stability and efficiency.

Problems with gravity wave drag, filtering and diffusion
have been overcome, with much help from Met Office staff,
so that several 20 year integrations have been completed.
Improved datasets for land surface properties, soils and albe-
do have also been developed so that the heterogeneity found
in observations is reproduced in the model. Significant
advances in model optimization have also been made, so that
the model's efficiency is augmented by a factor of 2.5. The
main gains in performance come from reducing the I/O that
the model uses, and such improvements have also been
passed back to the Met Office and the HIGEM consortium,
to be applied to NWP and lower resolution models.

The Plot atlas is a web interface to browse through a col-
lection of plots, enabling the comparison of model runs and
climatologies for many variables and over all seasons. On-
screen menus allow for a quick navigation through the dif-
ferent variables, model runs, seasons and climatologies,
using multiple panels and overlays. Many climatologies are
currently available, all with their own strengths (reanalyses,
objective analyses, satellite data, inverse modelling). The
comparison of the same plots for different models facilitates
the collaboration between UJCC and other research groups:
our climate model data collection currently comprises results

from four research groups in the UK-Japan collaboration.

2.2 Science
(a) Tropical Pacific
The main analysis during 2005 concentrated on the tropi-
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cal Pacific simulation in the coupled models, and how this
improved as model resolution was increased. This work was
completed in 2006, and a paper completed on it [2]. The
main conclusions are that tropical instability waves (TIWs),
which form near the equator due to shear instabilities in the
ocean, play a primary role in converging heat on to the equa-
tor and hence warming the SSTs there. Such waves are poor-
ly resolved at low ocean resolution, even when model
parameters are given extreme values. The improvement of
the SSTs due to the TIWs has important consequences for
the atmospheric circulation, giving an improved Walker cir-
culation along the equator and better placement of convec-
tion in the West Pacific warm pool. Three publications
involving TIWs are originating within UJCC and HiGEM.

(b) ENSO

The 50+ year length of the coupled climate integrations
enables analysis of model variability mechanisms such as El
Niflo-Southern Oscillation (ENSO). ENSO is the primary
interannual global climate signal: as such, it is vital to repre-
sent ENSO properly in order to understand global and
regional variability. ENSO was rather weak in HadGEM1,
and remains so in HadGEM1.1, but in the high resolution
HiGEM1.1 model (also reproduced by the HIGEM 1.2 model
run in the UK) it is simulated extremely well. The Nino3
SST standard deviation is improved (0.73, 0.87, 0.96 for
HadGEMI1.1, HIGEM1.1 and HadISST [3] observations
respectively), the power spectrum shows high power at 5-7
year periods and the teleconnections for SST and precipita-
tion are well simulated. Examining the mechanisms for
ENSO in the different model resolutions suggests that there
is a role for the ocean (where waves along the thermocline



seem to be better represented) and for the atmosphere (for
feedbacks which help to flip the state between warm events
and cold events) with the higher resolution HIGEM1.1
model. Two publications, currently in preparation (one
UJCC and one HIGEM) will document this work.

(c) Madden-Julian Oscillation (MJO)

During the year, a basic analysis was performed to assess
the variation of MJO characteristics within the UJCC model
matrix; particularly the sensitivity to resolution and basic-
state changes. Later, this was extended to include data from
an atmosphere-only version of MIROC, kindly provided by
our Japanese collaborators.

The coupled UJCC models were all found to produce rea-
sonable simulations of the MJO, with relatively minor varia-
tions between them. In particular, the strength and the spatial
and temporal scales are all well-captured. The plots in Fig. 1
illustrate the propagation of (a) observed, and (b) modelled
convective anomalies on MJO timescales. The model cap-
tures well the observed propagation of the anomalies across
the Indian Ocean (40E-100E), but fails to capture its propa-
gation into the Western Pacific (120E-). This is thought to

be related to basic state errors in the Equatorial Pacific. A
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Fig. 1 Lag-correlation of outgoing long wave radiation (OLR) and
velocity potential at 200 hPa (chi200), with reference longitude
at 90E. (a) AVHRR/ERA-40 observations [3], (b) HIGEM1.1
climate model integration.
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publication with UK and Japanese groups active in this area

will follow.

(d) Tropical cyclones

Analysis of the AMIP integrations at different model res-
olutions (and including results from Japanese GCMs) shows
that the properties of tropical cyclones (TCs) vary strongly
with resolution. The intensity distribution shifts towards a
profile with relatively less weak events and more of the very
strong events (see Fig. 2), with a long tail. Statistics also
suggest enhanced formation of TCs off Africa, which
improves the Central and North Atlantic distribution. These
results suggest that resolution is crucial for such processes.
Further work will analyse winds and precipitation associated
with the TCs, and in particular regional tracks and impacts
and interaction with ENSO and MJO. New simulations are
underway, using idealised SSTs and also high-resolution
SSTs from the coupled model, to address the nature of tropi-
cal cyclones in a warmer climate. A joint UK-Japan publica-
tion on the impact of high resolution on tropical cyclone
simulation is planned, with a possible successor using the

scenario simulations.

(e) CAPE and convection

A fundamental mode of variability of the global climate
system is the diurnal cycle, associated with solar forcing.
The response to this forcing is therefore a key test of the cor-
rectness of many, interacting processes in a climate model.
The tropical land surface warms up and soil moisture evapo-
rates during the day, resulting in a buildup of moist static
energy in the boundary layer; this is released in the after-
noon between 2 and 4pm, normally through convective pre-
cipitation. Convective precipitation in the HadGEM1 model,
however, peaks around noon, because the convection
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Fig. 2 Histogram of the number of tropical cyclones per year (Number)
against their maximum relative vorticity (/s x 10°) for three 20-
year AMIP simulations using different model resolutions, togeth-
er with ERA-40 [3] and JRA-25 [4] reanalyses. The number of
TCs per year is in brackets.
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responds too fast and too vigorously to the build-up of moist
static energy. We have altered the time scale of the CAPE
relaxation in the model, linking it to large-scale vertical
velocity, which controls in part how readily convective tow-
ers can develop. Figure 3 depicts the local time of the peak
in convective precipitation, and it shows that this change in
the model brings the simulation much closer to the observed
afternoon maximum over tropical land areas. A publication

is in preparation.

Aim and objectives for 2007

As well as continuing analysis on the above topics, there
will be many new areas to consider in 2007. A climate
change integration using the HIGEM1.1 model with a 2%
increase in CO, per year, currently underway, will be com-
pleted, as well as a long integration of the 60km atmosphere
model with an idealised increase in SSTs. Several timeslice
integrations are also planned, using the SSTs from the
HiGEMI.1 climate change run to force the NUGAM model.
Such integrations will allow the study of how small scale
processes change under warming (for example tropical
cyclones, ENSO), and how such changes might affect the
large-scale mean climate during warming. This also con-
tributes to the understanding of model uncertainties under
climate change. Important mid-latitude processes such as the
extra-tropical transition of tropical cyclones will also be
studied, as well as further analysis of the interaction of the
MJO, ENSO and tropical cyclones.
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Fig. 3 The local time (24 hr clock) of maximum precipitation over the
Maritime continent for the HadGAM simulation with the CAPE
timescale based on the model vertical velocity (see text for
details).
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2.1 Model development, optimization and analysis tools
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