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president’s message

As we say goodbye to 2008 and usher in 2009,
it is a tradition to take stock of the year that has
gone by and to make resolutions for the new year
ahead. It is therefore appropriate that this issue
covers the subject of "Environment’ which has been
a hotly debated subject for over a decade.

Today, the effects of unsustainable development
on the environment, global warming, climate
changes are well known; even politicians and
hollywood stars have made movies to tell us about them. The future
of the planet appears fragile; there is clear and credible evidence
that the world’s resources—already limited—are diminishing at a
rate, which if left unchecked, will result in the destruction of the
environment.

We no longer have an option but to develop in a sustainable
manner. We need to understand the concept of sustainable
development and to put it into practice. It is imperative that all
professionals embrace sustainable practices in their thinking, planning,
and actions. The protection of the environment is more than an
economic issue — it is an ethical issue. As professionals, we are
called to conform to technical and ethical standards. Typically,
energy and the environment have been considered nothing more
than design parameters. However, energy and environment must be
elevated from design parameters to moral standards.

Dato’ Sri Prof Ir. Dr. Judin bin Abdul Karim
President
BOARD OF ENGINEERS MALAYSIA

editor’s note

The recent global financial crisis has taken a
heavy toll on all industries, including the property
development sector. However, there is a constant
reminder from environmentalists that ecology and
environment should never be compromised by
economic constraints.

This issue covers a range of topics on these
concerns. The articles on Environmental Management, the Mitigations
and Rehabilitations of Some Natural Disasters in Malaysia and
Climate Change will throw some light on the current environmental
issues facing us. The article on Solar Photovoltaic as a solution
for tomorrow looks into opportunities for innovation as well as
conserving limited resources.

Lastly, the Publication Committee would like to wish all readers
Merry Christmas and Happy New Year.

Ir Fong Tian Yong
Editor
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announcement

BOARD MEMBERS, EX-OFFICIO & EXECUTIVE
BOARD OF ENGINEERS MALAYSIA 2008/2009

Seated (from left): YBhg Dato’ Ir. Hj. Ahmad Husaini bin Sulaiman, Ir. Prof. Dr Ruslan bin Hassan, YBhg. Datuk Ir. Anjin
Hj Ajik, YBhg. Dato’ Ir. Prof. Dr Chuah Hean Teik, YBhg. Dato’ Sri Prof. Ir. Dr Judin Abdul Karim (President), YBhg. Datuk
(Dr) Ir. Abdul Rahim Hj. Hashim, YBhg. Dato’ Ir. Abdul Rashid Maidin, YBhg. Datuk Ar. Dr Amer Hamzah Mohd Yunus,
Ir. Dr Mohd Johari bin Md Arif (Registrar)

Standing (from left): Ir. Ashari Mohd Yakub (Executive Director), Ir. Ruslan Abdul Aziz (Secretary), Encik Jaafar bin Shahidan,
Ir. Vincent Chen Kim Kieong, Ir. Tan Yean Chin, Ir. Wong Siu Hieng, YBhg. Lt. Jen. Dato’ Ir. Ismail bin Samion, Ir. Chong
Pick Eng, Ir. Mohd Rousdin bin Hassan

Not in the picture: YBhg Tan Sri Prof. Ir. Dr Mohd Zulkifi bin Tan Sri Mohd Ghazali, YBhg. Dato’ Ir. Dr Johari bin Basri

ASEAN CHARTERED PROFESSIONAL ENGINEER

Registration Fees for Asean Chartered Professional Engineer (ACPE) will be waived until 2009.
Further details and Application Form is available on BEM’s website: http://www.bem.org.my

Publication Calendar The Board of Engineers Malaysia

wishes all readers

The following list is the Publication Calendar for the
year 2009. While we normally seek contributions
from experts for each special theme, we are also
pleased to accept articles relevant to themes listed.

Please contact the Editor or the
Publication Offcer in advance if you
would like to make such contributions
or to discuss details and deadlines.

March 2009:
EMERGING ENGINEERING
TECHNOLOGY

June 2009:
PUBLIC AMENITIES

Sept 2009:
SAFETY & HEALTH

Dec 2009:
SUSTAINABLE DEVELOPMENT
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The temperature and precipitation analysis for the South East
Asian (SEA) region and Malaysia has been done using climate
projection scenarios from nine different coupled Atmosphere-
Ocean General Circulation Models (AOGCM). Ten-year running
mean climatic trends and inter-decadal timescale analysis have
been performed to capture the range of variation in regard
to both the above-mentioned parameters. As expected, a
regular increasing temperature trend is obtained by all General
Circulation Models (GCMs). Nevertheless, neither an increasing
nor decreasing trend is obtained for the GCM precipitation
analysis. The HadCM3 general circulation model simulation,
which is based upon the A1B climate change scenario, was
downscaled using a Regional Climate Model (RCM) to resolve
the local processes characterising the detailed aspects of
the region. The Providing Regional Climate Impacts Studies
(PRECIS) RCM was used. It was able to capture regional
precipitation information missing in the GCM simulation. The
PRECIS RCM simulation indicates increased precipitation over
the continent and reduced precipitation in maritime areas
for the SEA region. Domain averaged values of temperature
increase and precipitation anomalies for various regions of
Malaysia were obtained from the regional simulation output.
Winter Monsoon analysis was carried out using the Winter
Monsoon Index (WMI) and 850hPa wind. The 850hPa wind
analysis was done using the PRECIS RCM simulation output.
The WMI analysis was obtained from the nine GCM ensemble
mean. The negative trend of the WMI indicates weakening
of the winter monsoon northwesterly fow over China. This
trend together with weakening of the easterly winds over the
Western Pacifc will result in the weakening of the North East
Monsoon over the SEA region.

| 6 THEINGENIEUR |

has been the primary cause of
global warming. Evidence that the
earth’s climate is warming comes
primarily from surface temperature
records. The Intergovernmental
Panel on Climate Change (IPCC)
Fourth Assessment Report (AR4)
that builds upon past IPCC
assessments and incorporates new
fndings from the past six years of
research reports a 0.74°C increase
in global average temperature
over the last 100 years (IPCC,
2007). Widespread changes in
extreme temperatures have been
observed over the past 50 years.
Cold days and cold nights have
become less frequent, while hot
days, hot nights and heat waves
have become more frequent. The
Report reveals that the frequency
of heavy precipitation events has
increased over most land areas,
consistent with warming and
observed increases of atmospheric
water vapour.

Assessing how countries or
regions should respond to the
impact of climate change requires
application of climate change
scenarios which are plausible
estimates of future changes in
socio-economic activity such as



economic performance, population
patterns etc. The climate change
scenario in the General GCM
simulations considered for this
paper is the A1B scenario. The A1B
scenario describes the direction of
technological change in the energy
system as being a balance between
fossil intensive and non-fossil
energy sources. The term balance
here is defned as not relying too
heavily on one particular energy
source, on the assumption that
similar improvement rates apply
to all energy supply and end
use technologies (Climate Change
Scenarios using PRECIS, 2004).
Coupled AOGCMs are the
primary tools today to stimulate
climate change using climate
change scenarios. These GCMs
are physical representations
of the climate system, which
simulate weather variables, their
interactions and the main factors
driving their variability and change
(World Climate News, 2008).
Nevertheless, most AOGCMs still
run at horizontal resolutions of
approximately 300km, which is
too coarse and therefore lack
the regional detail that impact
studies usually require. Therefore,
since the late 1980s and early
1990s, different “regionalisation”
techniques have been developed
to spatially refne the information
produced by AOGCMs and provide
data usable for impact assessment
studies (Giorgi et al., 2001).
Generally, four regionalisation
tools are currently available
to downscale AOGCM climate
simulations. They are referred to
as high-resolution “time-slice”
Atmosphere General Circulation
Model (AGCM) (Cubash et al.,
1995), Variable resolution AOGCM
(VarGCM) (Deque and Piedelievre,
1995), Nested RCM (Giorgi and
Mearns, 1999) and Statistical
Downscaling methods (Hewitson

and Crane, 1996). Nevertheless,
it is necessary to completely
understand their usages together
with their respective potential and
limitations while choosing any
particular downscaling method.
The RCM downscaling method,
which is the most widely-applied
dynamic downscaling method,
is used for this paper. The basic
underlying assumption of this
approach is that the AOGCM
stimulates the response of the global
circulation to large-scale forcings
(e.g GHG radiative forcings) and
the RCM simulates the effect of
sub- GCM scale regional forcings,
e.g. topography and coastline
(Giorgi, F., 2008).

The nine different AOGCMs used
to obtain the GCM temperature
and precipitation analysis for
the SEA region is given in Table
1. The institutes responsible for
developing and running those
models with their respective
horizontal resolutions are included
in the table.

cover feature

For regional climate modeling
simulation, the PRECIS model
developed by the Hadley Centre,
UK is being used in the Malaysian
Meteorological Department. Since
a RCM covers only a limited
area, it can reach high horizontal
resolutions compared to the GCM.
The horizontal resolution of the
PRECIS simulation is 50 km.
Meteorological Lateral Boundary
Conditions (LBC) to run the RCM
simulations are usually obtained
from AOGCMs. The AOGCM
downscaled by the PRECIS RCM
for this experiment is the HadCM3
from the Hadley Centre.

Both the HadCM3 GCM and
PRECIS RCM are hydrostatic
primitive-equation atmospheric
models employing regular latitude-
longitudes grids of resolution
2.5° x 3.75° and 0.44° x 0.44°,
respectively. Both models have
19 vertical levels described by a
hybrid vertical coordinate system
(Simmons and Burridge, 1981). The
time steps are 30 minutes for the
GCM and fve minutes for the RCM.
Both GCM and RCM are integrated
in spherical polar coordinates,
with the coordinate pole shifted

Table 1

CNCM3 Meteo-France 2.8°%2.8°
MRCGCM  Meteorological Research Institute, Japan T42 (=2.8°x 2.8°)
FGOALS Institute of Atmospheric Physics, China T42 (=2.8°x 2.8°)
GFCM20 NOAA/GFDL, USA 2.5°x2.0°
HADCM3 Hadley Centre, United Kingdom 3.75%2.5°

MIHR JAMSTEC, Japan T42 (=2.8°x 2.8°)
MPEH5 Max Plank Institute, Germany 763 (=1.8°x 1.8°)
NCPCM NCAR, USA 2.8°x2.8°
CSMK3 CSIRO Atmospheric Research 2.8°%2.8°

CGMR Canadian Centre for Climate Modeling & Analysis ~ T47 (=3.75°x 3.75°)

MIMR University Of Tokyo 3.75°0x2.5°

THE INGENIEUR 7
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in the RCM so that its domain
appears as a rectangular equatorial
segment of a rotated grid. This is
to ensure quasi-uniform resolution
over area of interest (Jones et al.,
1997). The estimated evolution of
anthropogenic emissions of sulphur
dioxide (and natural background
emissions of this and other relevant
chemicals such as dimethyl sulphide
and ozone) and their impact on
atmospheric composition are
simulated within the sulphur cycle
model of HadCM3 and the PRECIS
RCM.

Before commencing the RCM
climate simulation, it is necessary
to allow the atmosphere and land
surface to adjust or ‘spin-up’ to a
mutual equilibrium state. The spin-
up period considered is one year
since the temperature and moisture
in deep soil levels can take many
months to reach equilibrium with
the LBC though it takes only a
few days for the atmosphere in the
RCM interior. The RCM domain
and orographic distribution are as
shown in Figure 1.

An analysis of decadal variations
and ten-year running means for
all the nine AOGCMs and the
ensemble mean, which is the
average of all the AOGCMs, is
done. All the AOGCMs analysed
are of the A1B climate projection
scenario. The climate changes in
the decades 2020-2029, 2050-2059
and 2090-2099 in comparison
to the period 1990-1999, are
analysed to look at the similarities
or variations between the GCMs.
Using the ten-year running means
of region averaged temperature for
Peninsular Malaysia, Sabah and
Sarawak, the range of temperature
projected by the various GCMs can
be obtained.

8 THEINGENIEUR
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Figure 1

In the majority of regions in SEA,
most of the GCMs are in consensus
with regards to the average annual
temperature increase rate for the
frst quarter (2020-2029) and mid-
century (2050-2059). But towards
the end of the century (2090
— 2099), there is a clear deviation
to the rate of increase between the
various GCMs, though, there seems
to be a general agreement with
regards to the regions that will be
experiencing higher temperature
increase. Indochina is projected
to have the highest temperature
increase followed by Sumatra and
Peninsular Malaysia. The ensemble
mean of Malaysia for all three
decades mentioned above clearly

indicates highest temperature
increase in western Peninsular
Malaysia.

The ten-year running mean
projected temperature increase is
shown in Figure 2. The increasing
temperature is clearly denoted by
all models. Nevertheless, there
is a marked difference between
the AOGCMs in the rate of
temperature increase after the
middle of the century. The range of
the temperature increase obtained
towards the end of the century
is between 1.6°C and 4°C. This
is in agreement with IPCC AR4
report that had put the range of
average annual global temperature
for the A1B scenario from 1.7°C to
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Figure 2 (Temp in °C)
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Figure 3 (Rain in millimeter)

Figure 5 (Sarawak)
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Figure 6 (Sabah)

4.4°C. Amongst the nine GCMs
considered, the NCPCM GCM
of NCAR and the MIHR GCM
of JAMSTEC have recorded the
lowest and highest temperatures
increase, respectively.

In Figure 3, the ten-year
running mean for the ensemble of
the nine AOGCMs for precipitation
for Peninsular Malaysia clearly

10 THEINGENIEUR

indicates that there are no trend
patterns for precipitation over
Peninsular Malaysia, unlike for
temperature. The same situation
is seen for Sabah and Sarawak.
Generally, in the SEA region,
there does not seem to be a
particular precipitation trend
due to the warming climate
scenario.

Figures 4, 5 and 6 represent
the ten-year running ensemble
mean precipitation for Peninsular
Malaysia, Sarawak and Sabah,
respectively. The large spatial
variability of precipitation
anomaly is clearly indicated as
the simulation period progresses
up to the end of the century. The
behaviour of the maximum and
minimum peaks for Sabah (2022-
2032), Sarawak (2030-2045) and
Peninsular Malaysia (2036-2043)
seems to imply global forcings
that are beyond the decadal time
scales. Sarawak seems to be having
more rainfall (Figure 5) from the
middle of the century onwards
compared to the earlier period.
This does not seem to be the case
for Peninsular Malaysia or Sabah.
From the ensemble mean of the
precipitation anomaly, it clearly
indicated that the maritime region
of SEA will be experiencing much
less rainfall. Nevertheless, the land
regions are projected to have much
heavy rainfall. This pattern is very
clear for Sarawak from the frst
guarter of the century onwards.
For Peninsular Malaysia and Sabah,
it is more after the middle of the
century.

Validation of the PRECIS
simulation was done by comparing
the baseline simulation of the
PRECIS RCM (1960-1990) with
observational data obtained from
the Climate Research Unit of the
University of East Anglia. It is
necessary to validate the baseline,
as it will enable us to understand
the limitations within which we
can use the simulation output
with confdence. Ascertaining the
ability of the RCM to simulate the
observed climate for the region
does the validation. For both the
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Figure 7 (RCM)

temperature and precipitation, the
temporal patterns of increasing and
decreasing trends throughout the
year have been captured well by
the RCM. Both the indicators and
spatial coherence of precipitation
patterns across Malaysia simulated
by the RCM give us the necessary
confdence that the PRECIS RCM
is able to simulate the basic
climatology of Malaysia.

Most RCM simulations, as with
PRECIS, use one-way nesting.
Therefore, the RCM information
does not feed back into the GCM.
When used in this one-way mode,
large errors in the GCM forcing
fields are not corrected by the
RCM. The RCM just adds fne-scale
regional information to the large-
scale climate signal. Since the
RCM is able to integrate sub-GCM
scale forcings such as topography,
coastlines and land use into the
large-scale climate signal, the
PRECIS RCM is able to capture
regional precipitation information
missing in the GCM simulation.

As with the earlier result of
the AOGCM ensemble mean
annual precipitation anomaly,
the PRECIS simulation also does
not show any defnitive temporal
precipitation trend. The higher
increase in temperature over
land areas compared to maritime
areas, which is pre-existent in the
HadCM3 GCM, is brought to better
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Figure 8 (GCM)

detail in the RCM simulation.
Comparing Figure 7 and Figure 8
above, a fner temperature gradient
is seen along the coastlines in
the RCM. The anomalous high
temperatures observed in the
north of the Philippines and
the temperature gradient in the
Western Pacific (west of the
Philippines) in the HadCM3
GCM is drastically reduced in
the RCM simulation. Also, greater
detail in regard to warming
temperatures is clearly shown in
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cover feature

inland areas. A further divergence
of the RCM from the GCM is
that the gradient of temperature
increase over various regions in
Malaysia reduces towards the later
part of the century. This pattern is
not captured in the GCM.
Figures 9, 10 and 11 below
represent the end of the 21
century (2090-2099) annual
precipitation anomaly for the
PRECIS RCM, HadCM3 GCM
and GCM ensemble respectively.
The regional precipitation detail
is captured well in the PRECIS
RCM (Figure 9) compared to the
GCM (Figure 11). The PRECIS
RCM showed the South China
Sea to experience a clear defcit
in rainfall. This is actually similar
to the results obtained by the
nine AOGCM ensembles (Figure
10). Nevertheless, the gradient of
the precipitation anomaly in the
South China Sea obtained in the
ensemble mean which denotes
more rainfall near the equator
compared to rainfall northwards

HAMLEY CENTRE (HADCME]

Figure 10 (GCM)
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away from equator, is not obtained
in the RCM simulation. Regional
details such as the increase in
rainfall along the west coast of
East Malaysia and both coasts of
Peninsular Malaysia and decline
in precipitation over maritime SEA
are indicated clearly in the RCM
simulation. Analysing the decadal
average annual precipitation
anomaly from 2040 to 2100, the
PRECIS RCM tends to increase
the precipitation spatially over
land areas in the SEA region as
the century progresses from 2040
onwards.

Understanding the winter
monsoon circulation is extremely
important in regards to maritime
SEA, given that most SEA countries
situated along the South China
Sea experience heavy precipitation
during the winter monsoon. This
Boreal winter monsoon is also
known as the East Asian Winter
Monsoon (EAWM). It usually occurs
during the months of December,
January and February (DJF).

The EAWM is the result from
the development of a cold-core
high-pressure area over the Siberia-
Mongolia region. The movement of
this cold air southwards produces
high pressure and cold air surges,
resulting in temperature drops
across the Asian continent. Two
types of pressure surges are formed.
They are the northerly surge (NS)
and the easterly surge (ES) (Chan
et al., 2004). For the purpose of
this paper, we will be discussing
the NS given that it is responsible
for SEA maritime precipitation.
Intensifying of the cold-core high-
pressure over Siberia-Mongolia
leads to a southward outpour
of the cold air in the lower
troposphere. This push of the cold
air is known as the Northerly Surge

12 THEINGENIEUR

Figure 12 (Wind climatology)
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Figure 14 (Ensemble projection of the WMI, 2001 to 2099)

and it excites gravity waves that
propagate across the South China
Sea to produce convection over
the maritime continent (Chan et
al. 2004).

Convergence of this NS with
the easterly winds from the western
Pacifc intensifes the convection
in maritime SEA. This easterly
component is clearly shown in
Figure 12, the HadCM3 850hPa
wind climatology for the baseline
period of 1961 to 1990. Figure
13 is the anomaly of the 850hPa
wind for the projected period
from 2071 to 2100. This anomaly
was obtained by comparing the
projected period PRECIS RCM
simulation 850hPa wind with that
of the baseline. The northwesterly
component of the 850hPa wind
anomaly in maritime SEA and
westerly component anomaly in
the western Pacific indicated a

reduction in strength in both the
NS into maritime SEA and easterly
winds from the western Pacifc.
The Winter Monsoon Index
(WMI) is a sea-level pressure (SLP)
parameter used to measure the
strength of the EAWM. The WMI
used here is defned as the area-
averaged SLP anomaly difference
between (110-120 °E, 20-45 °N)
and (150-160 °E, 20-45 °N). The
basis for the WMI is that the
Siberian High and the Aleutian low
over the Eurasian continents and
the Northern Pacifc at mid- and
high-latitudes dominate the EAWM
(Zhou et al., 2007). The nine
AOGCM ensemble projections of
the WMI for the period from 2001
to 2099 are given in Figure 14.
The WMI seems to have a negative
trend as the century progresses.
This indicated a weakening of the
pressure gradient in the eastern



coast of the Asian continent. The
causes for the negative trend of
the WMI are the reduction in
surface pressures of the Siberian
High, a northward shift of the
Aleutian low and weakening of
the Aleutian low. The weakening
of the northwesterly fow across
China to the Pacifc is a direct
consequence of a reducing WMI,
thereby indicating a weakening
EAWM.

The weakening EAWM with the
anomalous 850hPa northwesterly
component in maritime SEA
simulated by the PRECIS RCM is
indicative of a weakening northerly
surge. The anomalous 850hPa
westerly component in the western
Pacifc will result in less moisture
into South China Sea from the
western Pacifc and convergence of
reduced strength between the NS
and the western Pacifc easterlies.
This combination will result in
reduced precipitation over the SEA
region for the DJF season during
the last quarter of the century.

As discussed earlier, the RCM
defnitely has an advantage over the
GCM in regards to the response of
local forcings such as topography
and coastlines to the GCM, which
can greatly infuence regional wind
patterns and therefore precipitation
patterns at a regional scale. Reduced
precipitation projection in the
South China Sea and increased
precipitation projection in land
areas due to elevated topography
or temperature gradient near
coastlines is one such advantage.
The temperature increase in Sabah
and Sarawak is higher in the
RCM simulation compared to the
HadCM3 GCM analysis. This is
because extreme events are usually
captured better in RCMs than in the
GCMs. Nevertheless, in Peninsular
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Malaysia, there is no clear difference.
This may be due to the maritime
effect of Peninsular Malaysia and
her relatively much smaller size
compared to Kalimantan. Heavier
precipitation in Malaysia is indicated
in the PRECIS RCM simulation as
the century progresses, but in
the HadCM3 GCM, the anomaly
obtained is negligible. Nevertheless,
the precipitation anomaly is small
(approximately 10% - 15%).

Since the trend of temperature
and precipitation variation between
the RCM and GCM is quite similar
with generally higher values being
observed in the RCM, it can be
concluded that large-scale patterns
of change in the RCM are generally
consistent with those of the driving
GCM. This reflected the strong
influence of the SSTs and the
lateral boundary forcing supplied
by the latter.

Regionalisation tools are today
an essential and established aspect
of climate change research. Most
regionalisation techniques can
now be implemented on relatively
inexpensive computing platforms.
On the one hand, this ‘proliferation’
process helps in better understanding

cover feature

and assessing the applicability of
the models but, on the other, it
requires increased care in their
proper application (Giorgi, F.,
2008). Nevertheless, regionalisation
tools can play the fundamental
role of directly involving scientists
from developing countries in the
climate change-modelling arena
(Huntingford and Gash, 2005).
These countries are likely to be the
most vulnerable to climate change
and are therefore in great need of
adaptation policies. @

The authors would like to
extend their appreciation to the
Hadley Centre, UK, for their
immense help rendered since
July 2006, which was when
PRECIS was introduced to the
SEA region during a workshop
in Kuala Lumpur. We would also
like to thank the British High
Commission, which has aided
the Malaysian Meteorological
Department (MMD) fnancially
in regard to the major climate-
change efforts taken.

THEINGENIEUR 13



cover feature

Chan, J.C.L. and Li, C.Y., 2004: East Asian Winter Monsoon. World Scientifc Series on Meteorology
of East Asia Volume 2: 54 - 106

Climate Change Scenario Using PRECIS Hadley Centre, 2004: Constructing Climate Change Scenarios
for Impact Studies: 8 — 10

Cubash, U., et al.,, 1995: Regional Climate Changes as Simulated by Time-slice Experiments. Climate
Change 31: 273 - 304

Deque, M. and Piedelievre, J.P., 1995: High Resolution Climate Simulation over Europe. Climate
Dynamics 11: 321 - 339

Giorgi, F., 2008. Regionalization of Climate Change Information for Impact Assessment and Adaptation.
Bulletin 57(2): 86 — 92

Giorgi, F. et al., 2001: Regional Climate Information — Evaluation and Projections. Chapter 10 of:
Climate Change 2001: The Scientifc Basis. Contribution of Working Group 1 to the Third Assessment

Report of the Intergovernmental Panel on Climate Change

Giorgi, F. and Mearns, L.O., 1999: Introduction to Special Section: Regional Climate Modeling Revisited.
Journal of Geophysical Research 104: 6335 — 6352

Hewitson, B.C. and Crane, R.G., 1996: Climate Downscaling Techniques and Application. Climate
Research 7: 85 — 95

Huntington, C. and Gash, J., 2005. Climate Equality for All. Science, 309:1789

IPCC, 2007: Climate Change 2007: The Physical Science Basis. Contribution of Working Group | to
the Fourth Assessment Report of the Intergovernmental Panel on Climate Change Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA.

Jones, R.G., Murphy, J.M., Noguer, M. and Keen, A.B., 1997. Simulation of Climate Change over Europe
Using a Nested Regional Climate Model. 11: Comparison of Driving and Regional Model Responses to

a Doubling of Carbon Dioxide. Q. J. R. Meteorol.Soc., 538: 265 - 292

Simmons, A.J. and Burridge, D.M., 1981. An Energy and Angular-momentum Conserving Finite-difference
Scheme and Hybrid Coordinates. Mon. Weather Rev., 109: 758 - 766

World Climate News, 2007: IPCC Long-term Projection of Extreme Storms, 31: 3 — 4
World Climate News, 2008: Special Tools for Climate Change Adaptation, 33: 7

Zhou, W., Wang, X., Zhou, TJ. and Chan, J.C.L., 2007. Interdecadal Variability of the Relationship
between the East Asian Winter Monsoon and ENSO. Meteorol Atmos Phys, 98: 283 - 293

14 THE INGENIEUR





