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UNJURAN SUHU PERMUKAAN DAN HUJAN BERPANDUKAN SCENARIO
PERLEPASAN A2 DAN B2 DI MALAYSIA

ABSTRAK

Perubahan iklim adalan krisis alam sekitar yang berterusan seperti perubahan suhu,
hujan dan pembolehubah ilklim yang lain. Sejak tahun 1990, suhu iklim global
didapati meningkat sebanyak 0.74 °C dan variasi hujan pula tidak consistent
sepanjang rantau. Kajian ini adalah untuk mengetahui suhu permukaan dan hujan
pada tahun masa depan di Malaysia. Pegesahan telah dibuat untuk periksa prestasi
PRECIS. Kedua-dua pembolehubah iklim dalam tahun 2070-2010 dalam scenario A2
dan B2 telah diramalkan dengan PRECIS. Data iklim yang diramalkan dan mentah
akan kemudian diproses dengan menggunakan CDAT. Pengesahan statistic telah
dilakukan dengan pembandingan antara Baseline dengan ERA40 dan CRUdat. Dalam
kajian ini, corak perubahan yang sama didapati dalam kedua-dua pembolehubah
iklim. Suhu telah meningkat sebanyak 2.56 °C - 2.80 °C dalam scenario A2 dan 1.61
°C - 2.12 °C dalam scenario B2. Hujan didapati menurun sebanyak -0.68 mm/day -
-1.45 mm/day dalam scenario A2 dan -1.01 mm/day ke -1.67 mm/day dalam
scenario B2. Penemuan dalam kajian boleh diterima secara keseluruhan kerana
perbezaan dalaman model tidak ketara. Selain itu, pengesahan model menunjukkan
korelasi yang baikdalam ramalan suhu iklim dan hujan di Malaysia. PRECIS adalah
lebih baik dan sesuai untuk meramal suhu iklim masa depand berbanding dengan

hujan.



ABSTRACT

Climate change is a continuous environmental crisis which leads to changes in
temperature, precipitation and other climate variables. Global climate temperature is
increased 0.74 °C since 1900 and observed rainfall variation variability exist over the
regions. This research was to project future surface temperature and precipitation for
Malaysia. The PRECIS regional climate model was also examined to validate its
simulating performance. Both of the climate variables in the year of 2070 to 2010
were projected under A2 and B2 emission scenarios by using PRECIS. Raw projected
climate data was then post-processed using CDAT. Statistical validations were done
by comparison of Baseline scenario to ERA40 and CRUdat. Generally, the findings
showed similar patterns of projected changes for temperature and precipitation. The
temperature was increased as much as 2.56 °C to 2.80 °C and B2 scenarios have
recorded 1.61 °C to 2.12 °C. Reduction of precipitation flux was found. Precipitation
decreased -0.68 mm/day to -1.45 mm/day in A2 scenario and -1.01 mm/day to -1.67
mmy/day in B2 scenario. The projected future climate is acceptable as the internal
model bias is not significant in overall. Strong statistical correlations further validated
the model as correlation value of temperature (0.966) and precipitation (0.830). With
comparison to CRUDAT, PRECIS performs better in simulation temperature of climate

than precipitation.
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CHAPTER 1

INTRODUCTION

1.1 Overview

Climate change is an environmental crisis which begins to transform the life on earth. It
refers shift in long-term average weather which leads to changes in temperature,
precipitation or wind patterns on earth (Kaufmann & Cleveland, 2008). It is concerned as
a major challenge of environmental issues. Consequences of climate change are such as
global warming, melting of glaciers, and rising of sea levels, wildlife at risk, and increase
risk of natural disaster, economic loss, health and safety, security and any other
dimension. Temperature on earth’s surface is dependent on four factors which are
amount of solar radiation reflected and received, amount of heat trapped in atmosphere,
and evaporation and transpiration of water vapour (Botkin & Keller, 2003). According to
Environmental Protection Agency of United States, earth’s temperature has increased by
0.7 °C over the past century. The small increase of earth’s average temperature could
make huge impacts and shifts climate and weather patterns. Climate change is result of
both natural and anthropogenic causes. Natural processes do not make significant

contribution on climate change but anthropogenic activities do. Rate of global warming is



changing every year as it depends on level GHG emission from human activities and
natural variability such as solar intensity, volcanic activities, and £/ Nino cycle (Mayer,
2001).

The greenhouse gases (GHGs) are gases that trap heat and warm our
atmosphere. It is a natural balancing act of temperature on earth (Botkin & Keller, 2003).
It warms earth’s nighttime and avoids dramatic temperature change in the course of a
day. However, man-kind activities emitted abundance of GHG which contribute to
greater and stronger greenhouse effect. As a result, the Earth is becoming warmer and
warmer. There are several greenhouse gases such as carbon dioxide, methane, nitrous
oxide, and fluorinated gases (Mayer, 2001). Contribution of the gases to climate change
is determined by concentration, duration and effectiveness. Measure of warming effect
on the climate is known as radiative forcing. Radiative forcing has risen as much as 30%
from year 1990 to 2011 due to increase of greenhouse gases. Gases that able to stay in
atmosphere for long period and absorb more energy will greatly impact the global
temperature (Mayer, 2001).

Impacts of climate change should be recognized in order to facilitate adaptation.
Dramatic change is observed in the Arctic as the sea ice extent is reduced 13.7 percent
per decade. Melting glaciers and ice caps return the water back into the sea and alter
the albedo feedback loop. As such a change of earth landscape, positive feedback to
earth warming is observed. Albedo is the reflectivity of earth surface (Ahrens, 2008). In
comparison to open water’s albedo of 0.1, the albedo of sea ice is higher which ranged
0.9 in winter to 0.4-0.55 in summer (Wadhams, 1995). Greater amount of incoming
shortwave radiation will be absorbed by ocean as area of reflective earth surface is
decreased. As a result, the earth surface getting warmer along with such continuous
positive feedback.



Particulate matter and aerosol in air could affect the intensity of sun radiation
reaching or leaving the atmosphere by affecting the reflectivity of solar radiation.
Emergence of black carbon is studied and it contributes to global warming greatly. Black
carbon is estimated to cause more than 30% of recent warming in the Arctic (Shindell &
Faluvegi, 2009). Black carbon or soot is primarily emitted from incomplete combustion of
fossil fuels and biomass. Suspended black carbon will absorb solar energy and heat up to
warms the air. Other than this, black carbon that deposited on snow or ice glacier will
accelerate the melting process as it absorb sunlight and release the heat energy to

surrounding (Zimmer, 2013).

Melting of ice and glacier have increase sea level globally. Its increasing rate over
the past decade was 3.2mm annually. The sea levels will still rise if the global
temperature does not reduce. Lately sea levels rise is projected to be 18 to 58 cm by
2100 (IPCC, 2013). Climate change influence the occurring possibilities of extreme
events and studies are on-going to determine impacts of climate change on such events.
Climate change could alter the habitat and lifestyle of species in ecosystems. It
contributes to species extinction and 20-30% of flora and fauna species are evaluated to
be under the risk of extinction (Fischlin et a/, 2007) Climate change has not only
degraded air and water quality which essential to sustain our life; it is also challenged
public health with increased flooding and extreme events. In another words, climate

change alters the atmospheric circulation which drives our weather.

The general circulation creates an energy conversion and transportation system
in Earth’s climate (Reichler, 2009) and hence reduces the temperature gradient between
low and high latitude. Atmospheric circulation promotes the water cycle which water is
bringing from ocean to land surface via precipitation. It reduces the occurrence of
extreme events such as droughts. As the ocean is driven by the atmospheric circulation,
it facilitates the carbon to diffuse into ocean, nutrients deep under than ocean turn to

the surface and redistribution of heat against spatial gradients. It is an essential
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indicator as trends of climate change (Reichler, 2009). It is driven by earth rotation and
solar radiation. Earth rotation is a natural and unchanging process. Therefore, incoming
energy from sun contributes to greenhouse effect which induced climate change as
mentioned earlier. The wind obtains energy from the sun and circulates above earth
surface as warm air rises and colder air sinks. Variation of solar radiation causes
differential of temperature and consequently air masses and pressure. Planetary-scale
circulation is complex and it is featured by trade winds, subtropic highs, the westerlies,
polar front, subpolar lows and polar easterlies (Moran & Morgan, 1995). It is essential as

facilitator of development and displacement of most local or regional weather systems.

Monsoon circulation is one of local and regional circulation systems. It is related
to seasonal shift in planetary scale circulation as it characterizes the north-south wind
shifting at inter-tropical convergence zone (Moran & Morgan, 1995). Similar with other
circulation system, it is influenced by land-sea temperature, topography and contrasts. A
monsoon circulation provides region seasonal reversals in prevailing winds. It leads to
occurrence of wet summers and relatively dry winters. In summer, horizontal air
pressure gradient from sea to land is formed. The humid air flow onto the land and
heated by intense solar radiation and followed by convection (Moran & Morgan, 1995).
During dry winter monsoon, the continental cools rapidly due to radiation chilling effect.
Air aloft over the warm sea surface and drifted landward. Monsoon winds prone to
Coriolis effect as it occurs for a relatively long period and trajectories. During January,
monsoon circulations are deflected to the right in Northern Hemisphere. Meanwhile, the
monsoon is drifted to the right in Southern Hemisphere on month of July. Monsoon
rainfall is categorized into two phases which are monsoon active phase and dormant
phase (Moran & Morgan, 1995).

Malaysia sits in the center of Southeast Asia. According to Malaysian
Meteorological Department, weather in Malaysia is dominated by monsoon and result in
a humid tropical climate with temperature ranging from 21°C to 32°C. The climate is hot
and humid with 80 to 90% of relative humidity. The weather is featured by two

monsoon regimes which are Southwest Monsoon and Northeast Monsoon. The
4



Southwest monsoon is also known as summer monsoon which circulates during the
period of late May to September. It leads to drier weather as most states experience
least monthly rainfall; high temperature and high Mean Sea Level (MSL) pressure (Yahya
et al., 2009) except the Sabah in East Malaysia. The monthly rainfall is typically as low
as 100 to 150mm for Sabah is experienced wetter weather than other states with more
than 200mm monthly precipitation. The Northeast monsoon or winter monsoon is
happening from November to March. Due to the winter monsoon, east coast states of
West Malaysia and western Sarawak is facing intense precipitation and high amount of

relative humidity.

1.2 Research question

Climate change is an inevitable global environmental issue. In Africa and Asia, climate is
mainly driven by monsoon (Moran & Morgan, 1995). As mentioned earlier, weather in
Malaysia is dominated by two monsoon systems which are Southwest Monsoon and
Northeast Monsoon. Climate change will shift the monsoon circulation and leads to
changing of other climate variables. Projection of atmospheric circulation can be done
with various types of climate models. Two of the major indicators of climate change are
surface temperature and precipitation. Climate models utilize past and present climate
data to address future climate scenarios (Hudson & Jones, 2002). By using climate
models, we can predict the future surface temperature and rainfall rate variation globally.
There are several questions addressed in this thesis. Firstly, what is the future
temperature and precipitation for Malaysia based on A2 and B2 scenarios? Are there
significant differences in future climate condition? Projected climate is just a prediction
with mathematical expressions. Hence, is the climate model and future climate scenarios
validated for prediction purpose? In other words, how is the simulation performance of

regional climate model?



1.3 Objective of Study

In accordance to the uncertainties that addressed in the research question, this study is
designed to achieve the purposes as following: 1) To develop future climate scenarios
for Malaysia based on A2 and B2 emission scenario of the IPCC. 2) To project the land-
sea surface temperature and precipitation in Malaysia. 3) To identify future changes of
temperature and precipitation and its significance. 4) To validate the findings of PRECIS-

regional climate model in Malaysia.

1.3 Scope of Study

This study is focused in Malaysia with latitude 4.000° N and longitude 102.5000° E.
Regional climate model to be used is Providing Regional Climates for Impact Studies
(PRECIS) is applied in this study. Baseline scenario of year 1960 to 1990 is input to
stimulate future scenarios and 2070 to 2100 boundary conditions under the A2 and B2
emission scenarios. Parameters to be analysed are temperature and precipitation.

Performance of PRECIS regional climate model will be evaluated.



CHAPTER 2

LITERATURE REVIEW

2.1 Climate Change

Climate observation showed the global temperature as risen as much as 0.74 °C since
beginning of 20" century (Hansen et al, 2006) as an overriding crisis. Figure 2.1
denotes the annual average temperature with combination of surface air temperature
and sea surface temperature. Since 1895, no single year with temperature below the
average mean is observed. The previous decade, 2001 to 2010 was the warmest decade
with estimated 0.47°C above 1961 to 1990 average mean of 14°C. The warmest year
recorded is year 2010 with temperature of +0.56°C +£0.09°C while the second and third
warmest year is 2005 and 1998 respectively.
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Figure 2.1 Global average surface temperature (Source: IPCC, 2007).



Acceleration of climate change due to man-made GHGs is still questioned (Baum
et al, 2012). There are various uncertainties in the complex climate system. Climate
model should be able to distinguish among natural fluctuations and human-induced
climate change, and incorporates both in modelling (Frolov et a/., 2009). Anthropogenic
causes are claimed to be responsible for the risen global mean surface temperature from
1951 to 2010 (IPCC, 2013). Figure 2.2 illustrates the fingerprint assessment of global
surface temperature change in 1860-2000. Human activities have induced changes in
greenhouse gases and aerosols. The thick blue and yellow lines indicate the ensemble
average temperature from climate model. Comparison of simulated fingerprint patterns
with observed climate change showed the changes of temperature cannot merely

explained by the fingerprints of natural forcing or internal variability.

1.5 E Natural and Human forcing
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Figure 2.2 Time series of global and annual-averaged surface temperature change from
1860 to 2010. The left panel shows result from two ensemble of climate
models driven with just natural forcing, and the right panel is driven by
natural and human forcing. (Source: IPCC, 2013)

However, anthropogenic causes to climate change are studied and justified by
Solomon et al. (2007). Future global average temperature will be risen up to 6.4 °C by
year 2100 due to significant increase in GHG emissions (IPCC, 2007). From 1950 to 1999,

the trend of global warming is proportional to the concentration of atmospheric GHGs



(IPCC, 2007). Its amount has reached 390.9 parts per million in 2011. Methane is a
long-lived GHG. Atmospheric concentration of methane in 2011 is 259% of the pre-
industrial level due to increased emission from production and transport of coal, oil and
natural gas. Nitrous oxide is emitted from natural processes and man-kind sources such
as industrial processes and fertilizer uses. Its concentration in atmosphere in 2011 was

about 324.2 ppb. It was 120% above of the pre-industrial level.

Climate change will primarily lead to changes of physical nature such as
temperature, precipitation, sea levels and occurrence of extreme weather and as a result
it impacts the social, economic and ecological system (Anja & Salik, 2009). As a result of
extreme event’s analysis for past century, climate system is observed with reduce diurnal
temperature range, increase in heat index, more intense rainfall, drought and increased
tropical storm intensity (Maracchi & Baldi, 2006). Rising of global average temperature
enhance the rate of evaporation and leads to more precipitation. Atmospheric energy
potential is elevated to hold more water vapors from evaporation (Wang, 2006). Climate
change affects the carbon cycle including the freshwater carbon budgets. Dissolved
inorganic carbon in freshwater is noticed to be risen along with increases of temperature.
Study indicated the carbon dioxide is emitted in abundance as climate changes (Oni et
al., 2012). Increase temperature causes longer and more intense heat waves. Greater
the duration of heat waves will implies higher temperature (WHO, 2005). Sea level is
rising due to melting of glacier and ice. Consequently, storm events are increased and
lead to more intense storm surges (Woth, 2006). Climate change alters our ecosystem
especially the loss of species and biodiversity. Variation of precipitation and temperature
as well as seasonal variation are altering and degrading the habitat quality (Rannow et
al., 2010).



References

Ahrens, C.D. 2008. Essential of Meteorology: An invitation to the Atmosphere. 5™ ed.
Thompson Brooks/Cole, United States.

Alapaty, K., Mathur, R., Pleim, J., Hogrefe, C. & Rao, S.T. 2012. New Directions:
Understanding Interaction of Air Quality and Climate Change at Regional Scales.
Atmospheric Environment, 49: 419-421.

Alves, L.M. & Marengo, J. 2010. Assessment of regional seasonal predictability using the
PRECIS regional climate modelling system over South America. Theor Appl/
Climatol, 100:337-350

Anja, B. & Salik, J. 2009. Local Perspectives on a global phenomenon: Climate change in
Eastern Tibetan villages. Global Environmental Change,19:156-166.

Arnell, N.W., Livermore, M.J.L., Kovats. S., Levy, P.E., Nicholls, R., Parry. M.L. & Gaffin,
S.R. 2004. Climate and socio-economic scenarios for global scale climate change
impact assessments: characterizing the SRES storyline. Global Environmental
Change, 14: 3-20.

Ashrit, R.G., Douville, H. & Kumar, K.R. 2003. Response of the Indian monsoon and
ENSO-monsoon teleconnection to enhanced greenhouse effect in CNRM coupled
model. J. Meteorol. Soc. Japan, 81: 779-803.

Baum, S.D., Haqqg-Misra, J.D. & Karmosky, C. 2012. Climate Change: Evidence of human
causes and arguments for emissions reduction. Sc¢i Eng Ethics, 18:393-410.

Berg, P., Wagner, S. & Kunstmann, H., 2013, High resolution regional climate

simulations for Germany: part 1-validation. Climate Dynamics, 40:401-414

Boer, G.]., Cubasch, U., Meleshko, V.P., Mitchell, J.F.B. & Gates, W.L., 1992, Climate
Modelling, Climate Prediction and Model Validation, JPCC Intergovermental Panel
on Climate Change, Section B.

Botkin, D.B. & Keller, E.A. 2003. Earth as a Living Planet, Environmental Science. 4%
Edition. John Wiley & Sons, London.

55



Chang, C.P., Harr, P.A. & Chen, H. J. 2005b. Annual cycle of Southeast Asia-Maritime
Continent rainfall and the asymmetric monsoon transition. J. Climate, 18: 287-
301.

Chinvano, S. 2009. Future climate projection for Thailand and surrounding countries:
climate change scenario of 21% century. The first China-Thailand joint seminar on
climate change, 23-24 March 2009, Bangkok.

Fischlin, A., Midgley, G.F., Price, J.T., Leemans, R., Gopal, B., Turley, C., Rounsevell,
M.D.A., Dube, O.P., Tarazona. J. & Velichko, A.A. 2007. Ecosystem, their
Properties, Goods, and Services, Impacts, Adaptation and Vulnerability, Climate
Change 2007.

Frolov, I.E., Gudkovich, Z.M., Karlin, V.P., Kovalev, E.G. & Smolyanitsky, V.M. 2009.
Possible causes of changes in climate and in Arctic Seas ice extent Climate

Change in Eurasian Arctic Shelf Seas. Springer Praxis Books, pp 89-112.

Giorgi, F. & Francisco, R. 2000. Evaluating uncertainties in the prediction of regional c
limate change. Geophys Res Lett., 27: 1295-1298

Giorgi, F. & Mearns, L.0O., 1999, Introduction to special section: regional climate
modeling revised. J Geophys. Res. , 104:6335-6352.

Hansen, J., Ruedy, R., Sato, M. & Lo, K. 2006. GISS Surface Temperature Analysis,
Global Temperature Trends: 2005 Summation. NASA Goddard Institute for Space

Studies and Colombia University Earth Institute.

Hu, Z.Z., Bengtsson, L. & Arpe, K. 2000. Impact of global warming on the Asian winter
monsoon in a coupled GCM. J. Geophys. Res., 105: 4607-4624.

Hudson, D.A. & Jones, R.G. 2002. Regional climate model simulations of present day and
future climates of Southern Africa. Met Office Hadley Centre, Exeter, UK.

Hung, C.W., Liu, X. & Yanai, M. 2004. Symmetry and asymmetry of the Asian and

Australian summer monsoons. J, Climate, 17, 2413-2426.

56



Intergovernmental Panel on Climate Change (IPCC). 2000. Special Report on Emissions
Scenarios: A Special Report of Working Group III of the Intergovermental Panel

on Climate Change. Cambridge University Press, Cambridge, U.K.

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Models and Their

Evaluation. In Climate Change 2007: The Physical Science Basis.

Intergovernmental Panel on Climate Change (IPCC). 2013. Climate Change 2013. The
Physical Science Basis, 5" Assessment Report of the Intergovermental Panel on
Climate change. United Kingdom.

Jones, R.G., Noguer, M., Hassel, D.C., Hudson, D., Wilson, S.S., Jenkins, G.J. & Mitchell,
J.F. 2004. Generating High Resolution Climate change Scenarios using PRECIS.
Met. Office Hadley Centre, Exter, United Kingdom.

Kaufmann, R.K. & Cleveland, C. ]. 2008. Environmental Science. McGraw-Hill Higher
Education, United States.

Kwan, M.S., Tangang, F.T. & Juneng, L., 2014, Present-day regional climate simulation
over Malaysia and western Maritime Continent region using PRECIS forced with
ERA40 reanalysis. Theory Applied Climatology, 115: 1-14

Kirtman, B.P. & Shukla, J. 2000. Influence of the Indian summer monsoon on ENSO.
Quart. J. Royal. Meteor. Soc., 13: 4366-4377.

Lacombe, G., Chu, T.H., Smakhtin, V. 2012. Mapping long term precipitation and
temperature changes in continental Southeast Asia using PRECIS regional climate
model. Cimate Change, 113: 285-299.

Lau, KM. & Bua, W. 1998. Mechanism of monsoon-southern oscillation coupling:
Insights from GCM experiments. Climate Dynamics, 14, 759-779.

Lau, K.M. & Yang, S. 1997. Climatology and interannual variability of the Southeast Asian

summer monsoon. Adv. Atmos. Sci,, 14, 141-162.

Li, C. 1990. Interaction between anomalous winter monsoon in East Asia and El Nin
events. Adv. Atmos. Sci. 7, 36-46.

57



Malaysia Meteorological Department (MMD). 2009. Climate Change Scenario for Malaysia
2001 — 2099. January Scientific Report.

Maracchi, G. & Baldi, M. 2006. Climate Change: Cause and medium range perspectives.

Veterinary Research Communications, 30: 60-74.

Mayer, J.R. 2001. Connections in Environmental Science: A Case Study Approach.
McGraw-Hill Higher Education, United States

Meehl, G.A. & Arblaster, J.M. 2003. Mechanisms for projected future changes in south
Asian monsoon precipitation. Climate Dynamics, 21: 659-675

MMD. 2009. Climate change scenario for Malaysia 2001-2099. Malaysian Meteorological
Department Scientific Department, Malaysia. January 2009.

Moran, J.M. & Morgan, M.D. 1995. Essential of Weather. Prentice-Hall Inc, ISBN 0-02-
383831-0. United States.

Neelin, 1.D., Bracco, A. Luo, H., McWIlliams, J.C., Meyerson, J.E. 2010. Considerations for
parameter optimization and sensitivity in climate models. Proceeding of the

National Academic Science, US.

Ogaswara, N., Kitoh, A., Yasunari, T. & Noda, A. 1999. Troposheric biennial oscillation of
ENSO-monsoon system in the MRI coupled GCM. J. Meteorol. Soc. Japan, 77:
1247-1270.

Oni, S.K., Futter, M.N., Molot, L.A. & Dillon, P.]., 2012, Modelling the long term impact
of climate change on the Lake Simcoe, Ontario using INCA-C. Science of the
Total Environment, 414: 387-403.

Pasicko, R., Brankovic, C. & Simic, Z. 2012. Assessment of climate change impacts on
energy generation from renewable sources in Croatia. Renewable Energy, 46:
224-231.

Rannow, S., Loibi, W., Greving, S., Gruehn, D. & Meyer, B. C. 2010 Potential impacts of
climate change in Germany: Identifying regional priorities for adaption activities

in spatial planning. Landscape and Urban Planning, 98: 160-171.

58



Reichler, T. 2009. Changes in the atmospheric circulation as an indicator of climate
change. Climate Change: Observed impacts on planet Earth, 145-164.

Salimun, E., Tangang, F.T. & Juneng, L. (2010). Simulation of heavy precipitation
episode over eastern Peninsular Malaysia using MM5: Sensitivity to cumulus

parameterization schemes. Meteorology and Atmospheric Physics, 107(1): 33-49

Sentian, J., Mackenzie, R.A. & Hewitt, C.N. 2009. The regional biogenic emissions
response to climate changes and ambient CO2 in Southeast Asia. Climate Change
Impacts & Response, 2(3):125-142.

Shen, X., Kimoto, M. & Sumi, A. 1998. Role of land surface processes associated with
interannual variability of broad-scale Asian summer monsoon as simulated by the
CCSR/ NIES AGCM. J. Meteor. Soc. Japan, 76: 217-236.

Shindell. D. & Faluvegi. G. 2009. Climate response to regional radiative forcing during

the twentieth century. Nature Geoscience, 2: 294-300.

Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M. & Averyt, K.B. 2007. Climate
change 2007: The physical science basis. Contribution of Working Group I to the
Fourth.

Trenberth, K.E., Stepaniak, D.P. & Caron, J.M. 2000. The global monsoon as seen
through the divergent atmospheric circulation. J. Cimate, 13: 3969-3993.

Vastila, K., Kummu, M., Sangmanee, C. & Chinvanno, S. 2010. Modelling climate change
impacts on the flood pulse in the lower Mekong floodplains. Water Climate
Change, 1:67-69.

Wadhams, R. 1995. Arctic sea ice extent and thickness. Phil. Trans. R. Soc. Lond. A.,
352(1699): 301-319.

Waliser, D. E., Stern, W., Schubert, S. and Jones, C., 2003c, Potential predictability of
the Madden-Julian oscillation. Bull. Amer. Meteorol. Soc., 84: 33-50.

Wang, B. 2006. The Asian Monsoon. Edition 2006. Springer Praxis Book. Chichester, UK.

59



Wang, B. & Ding, Y.H. 1992. An overview of the Madden-Julian Oscillation and its
relation to Monsoon and Mid-Latitude Circulation. Advance in Atmospheric

Sciences. 9(1).

Wilson, S., Hassel, D., Hein, D., Morell, C., Jones, R. & Taylor, R. 2010. Installing and
using the Hadley Centre regional climate modeling system, PRECIS. Ver. 1.9.2.
Metoffice, United Kingdom.

Wei, K. & Bao, Q. 2012. Projections of the East Asian Winter Monsoon under the IPCC
AR5 scenarios using a coupled model. Advances in Atmospheric Sciences, 29(6):
1200-1213.

World Health Organization (WHO). 2005. Health and Climate Change. World Health
Organization, Kopenhagen.

World Climate Research Programme (WCRP). 2011. Global Monsoon System. The

Monsoon Factsheet.

Woth, K. 2006. Regionalization of Global Climate Change: An ensemble study of possible

changes in the north sea storm surge statistics. University Hamburg, Hamburg.

Yahya, M.H., Kamarudin, M. N. & Nordin, Z. 2009. Discrepancies in GPS Positioning
during Varying Monsoon Periods in Malaysia. Department of Geomatics

Engineering.

Yang, S. & Lau, K.M. 1998. Influences of sea surface temperature and ground wetness

on Asian summer monsoon. J. Climate, 11, 3230-3246.

Yang, S. & Lau, K.M. 2006. Interannual variability of the Asian monsoon. In: B. Wang
(ed), The Asian Monsoon. Springer-Praxis, Chichester, UK.

Yang, S., Lau, K. M., Yoo, S. H., Kinter, J. L., Miyakoda, K. Ho, C. H. 2004. Upstream
subtropical signals preceding the Asian summer monsoon circulation. J. Climate,
17, 4213-4229.

Yasunari, T. 1990. Impact of Indian monsoon on the coupled atmosphere/ ocean system
in the tropical Pacific. Meteor. Atmos. Phys., 44, 29-41.

60



Yasunari, T. 2006. Land-atmospheric interaction. In: B. Wang (ed), 7he Asian Monsoon.
Springer-Praxis, Chichester, UK.

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

Zimmer. C., 2013, Black Carbon and Warming.: It's worse than We Thought. Yale
Environment 360, Yale School of Forestry & Environmental Studies.

61





