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“  Given the current global efforts and challenges in addressing climate change, do 
you believe it is still possible for us to achieve the goals of the Paris Agreement by 

limiting global warming to well below 2°C, ideally 1.5°C?  ”

Paris Climate Agreement



Source: https://www.ipcc.ch/sr15/chapter/chapter-5/faq-5-2-2/

Target

vs

Reality

https://unfccc.int/news/climate-plans-remain-insufficient-more-ambitious-action-needed-now



“Global mean air temperatures were reduced, 
by up to 0·5°C at the surface and 0·6°C in the 
troposphere, for some months in mid-1992, in 
approximate accord with model predictions.”
Parker, D.E., Wilson, H., Jones, P.D., Christy, J.R., Folland, C.K., 1996. The impact of 
Mount Pinatubo on world-wide temperatures. International Journal of Climatology 
16, 487-497.

The 1991 volcanic eruption of Mt. Pinatubo produced 
the largest sulfur dioxide (SO2) eruption cloud ever 

measured—at least 18 million tonne.

Boretti, A., 2024. Reassessing the cooling that followed the 1991 volcanic eruption 
of Mt. Pinatubo. Journal of Atmospheric and Solar-Terrestrial Physics 256, 
106187.

“A cooling of up to 0.5°C which lasted 18–36 
months is attributed to the 1991Mt. Pinatubo 
eruption… The cooling is estimated at up to 
0.28°C, 0.2°C on average. Similarly shorter is 
the duration of the cooling, about 13 months.”

Following the eruption of Mount Pinatubo in Jun  
1991 there was a substantial decrease in 
precipitation over land and a record decrease in 
runoff and river discharge into the ocean from 
October 1991–September 1992. 
Trenberth, K.E., Dai, A., 2007. Effects of Mount Pinatubo volcanic eruption on the 
hydrological cycle as an analog of geoengineering. Geophysical Research Letters 34

Solar Geoengineering?
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Source: https://www.freethink.com/energy/sai-make-sunsets
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Geoengineering  

Fawzy, S., Osman, A.I., Doran, J.et al.Strategies for mitigation of climate change: a 
review.Environ Chem Lett18, 2069–2094 (2020). https://doi.org/10.1007/s10311-020-01059-w https://kleinmanenergy.upenn.edu/research/publications/a-new-era-of-policy-in-solar-geoengineering/

Solar Geoengineering
(Solar Radiation Modification)

Carbon Geoengineering
(Carbon Dioxide Removal)
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The primary aim of the research is to compare 

the impacts of solar geoengineering, as 

simulated in the G6solar and G6sulfur 

experiments and the commonly used CMIP6 SSP 

experiments, on precipitation and temperature 

extremes in the Muda River Basin.



Climate Change
• Affected rainfall in 

the water catchment 
areas of dams

Future water demand 
• 845 MLD in 2020 to 

1,884 MLD by 2050. 

High per capita domestic 
consumption

• In 2020, it reached 299 
litres/capita/day (LCD).  

• WHO --> 165 LCD

Only one key raw water 
resource

• 80% from Muda 
River.

Upstream developments 
of Muda River Basin

• logging
• rare earth mining.

Sungai Perak Raw Water 
Transfer Scheme (SPRWTS)

• Second potential water 
source, but the 
discussion has been 
delayed. 

Raw Water 
Risk
Penang

https://pba.com.my/raw-water-risks/





GeoMIP models selected for this study

Research Methodology Flow

Distribution of climate stations within and surrounding the 
Muda River Basin, Malaysia. 

The Changes of Historical Precipitation and Temperature Extremes over the 
Muda River Basin from 1975 to 2015. 



The climatological comparison between the observations of the Ampangan Muda (upper 
basin) and Butterworth (lower basin), the raw and bias corrected (BC) GeoMIP models from 
1975 to 2014 .

Bias Correction of GeoMIP models
• It is noted that large wet biases were found in the CNRM-

ESM2-1 and IPSL-CM6A-LR models during the early 
Northeast Monsoon season (November - January). 
While, the GeoMIP models tended to underestimate the 
peak monthly precipitation during the inter-monsoon 
periods (April and October), except for the  IPSL-CM6A-
LR model

• Throughout the year, there were noticeable biases in the 
surface temperature of the GeoMIP models. In particular, 
they included warm biases from overestimating the 
minimum temperature and cold biases from 
underestimating the maximum temperature. 

• The warm and cold biases in the surface temperature 
simulations, as well as the wet biases of precipitation 
during the early northeast monsoon and the dry biases 
during the inter-monsoon period, were all largely 
corrected by the bias correction. 



Temporal trends of annual total precipitation (PRCPTOT), annual mean maximum temperature 

(Tmax) and annual mean minimum temperature (Tmax) in the Muda River Basin for the periods 

1975-2010 and 2021-2095. The grey shaded area represents the uncertainty range of different 

climate models. 

Climatic Change
• Future PRCPTOT G6solar and SSP245 would 

experience steadily increasing trends by 13.8 and 
21.6 mm/decade, respectively (Figures 4a and 4b), 
which is consistent with the historical period.

• Under SSP585, annual precipitation is projected to 
peak in the middle of 21st century before declining 
towards the end of the century.

•  In contrast, the trend of annual precipitation under 
G6sulfur is projected to decrease significantly by 
32.2 mm/decade at a 95% confidence level, 
indicating drier conditions might occur in the 
future. 



Future changes in multi-model ensemble mean monthly precipitation, maximum and minimum temperature 
based the multi-model ensemble mean over the Muda River Basin under the G6solar, G6sulfur, SSP245 and 
SSP585 experiments for the 2025–2044, 2045–2064 and 2065–2084 periods against the 1985–2004 baseline 
period. 

Climatic Change
• In the 2025-2044 period, monthly precipitation is 

projected to increase during the northeast monsoon 
from November to March and decrease during the 
southwest monsoon from May to September. 

• Figure 6(b) shows that G6sulfur may exacerbate this 
situation, leading to a decrease in monthly 
precipitation by up to 33.5% and 21.5% during the 
periods of 2045-2064 and 2065-2084, respectively. 

Historical monthly precipitation and temperature changes



Precipitation Extremes: Relative changes of projected total precipitation (PRCPTOT), consecutive dry days (CDD) and consecutive wet 
days (CWD) based on multi-model ensemble mean over the Muda River basin under the G6solar, G6sulfur, SSP245 and SSP585 
experiments for the 2025–2044, 2045–2064 and 2065–2084 periods against the 1985–2004 baseline period.

Sulfate aerosols help in cooling the Earth’s surface by reflecting incoming solar radiation. However, the 
cooler condition may also change atmospheric circulation patterns and decrease evaporation. Lower 
evaporation rates result in lower atmospheric moisture levels, leading to reduced precipitation and 
ultimately drier conditions in the MRB.



Relative changes of projected annual count of days when daily precipitation ≥ 10 mm (R10mm), > 20 mm (R20mm), > 50 mm 
(R50mm), annual maximum 1-day (Rx1d) and 5-day (Rx5d) based on multi-model ensemble mean over the Muda River basin 
under the G6solar, G6sulfur, SSP245 and SSP485 experiments for the 2025–2044, 2045–2064 and 2065–2084 periods against 
the 1985–2004 baseline period.

Precipitation Extremes

• Most of the flood-related precipitation extremes 

over the MRB are projected to increase in the 

future. 

• Interestingly, G6Solar matching the increased 

frequency projected by SSP245 and G6sulfur 

showing decreased frequency.

• Rising levels of aerosol sulfate in the atmosphere 

lead to more cloud cover, particularly in tropical 

marine regions (Chen et al., 2024), as more cloud 

condensation nuclei are available for water 

vapour condensation. 

• On the other hand, the radiative effects of aerosols 

reduce the amount of solar radiation reaching the 

land surface, causing in less heat for evaporating 

water and forming convective clouds 

(Ramanathan et al., 2001).



Temporal trends and absolute 
changes of temperature extremes 
in the Muda River Basin.

Temperature Extremes
• The annual maximum daily maximum temperature (TXx) 

or hottest day, is projected to increase by 3.3 to 3.5 ◦C 
during the 2065–2084 period under SSP585. 

• Consistent other results, the G6solar and G6sulfur 
experiments project smaller increases in TXx during the 
2065–2084 period from 1.9 to 2 ◦C and 2.0 to 2.1 ◦C, 
respectively

• These substantial decreases align with the projections 
under the SSP245 scenario, which shows increases of TXx 
by 2.0 to 2.1 ◦C, for the same period.

±2 ~ 2.5 ◦C   



Water Watch Penang (WWP) is a non-profit organisation founded on November 1997 as part of 
the Sustainable Penang Initiative under the auspices of the Socio-economic & Environmental 

Research Institute (SERI) of Penang.

The vision of WWP is
“To Create a Water Saving Society in Malaysia”

Our mission
“To educate and transform the public into water savvy and climate resilient society”;

Our mission and vision are based on 6 Sustainable Development Goals:







Installation of the rainwater harvesting system

A drone Image of the school

Design of the rainwater harvesting system







Follow our Facebook page



TikTok Water Saving Competition 2023





Conclusions 
• G6solar, G6sulfur and SSP245 project ~2 ◦C 

temperature increase in the MRB, compared to the 

increase of 3.3 ◦C under SSP585.

• G6solar and G6sulfur modulate the MRB’s climate 

increases of SSP585 to match SSP245, including the 

flood-related indices.

• G6sulfur may exacerbate dry spells of the Muda 

River basin (MRB) in the future, particularly during 

the dry months during dry months from January to 

May.

Future Directions
• Model uncertainty – development of regional-

based GeoMIP models to capture finer scale climate 

processes.

• Further analysis across various sectors including 

agricultural, hydrological cycle, socio-economic, 

industry and ecological is needed.

• Further investigation using different solar 

geoengineering experiments at the basin-scale is 

needed.



Thank you!

Email
Whatapps
Wechat ID

: mouleong@usm.my
: +6017-9720529
: MouLeong_Tan

Contact

https://admission.usm.my/postgraduatev1/applied-sciences-coursework/master-
of-science-in-geomatic-for-disaster-risk-reduction-msc-geodrr
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