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Abstract. The impact of global warming is resulting in flood, land slide, soil erosion and drought 

that are anticipated to become more intense and frequent. The history record shows that the flood 

has been occur repeatedly in this study area. The study of future climate needs to be done to a 

greater extent as a planning for the infrastructure and as mitigation actions on flood based on the 

future climate. The aims of this study, to ascertain the climate projection by CMIP6 are 

compatible to be subjected for the future climate and to identify the trend of future climate 

projection in Kemaman, Terengganu. The comprehensive study of future climate that using 

CMIP6 that consist of SSPs help in providing a clear explanation of future society’s socio-

economic appraisal in assessment modelling. The Sen’s Slope Test were used to analyze the 

trend of future climate projection in this study area. In this study, we found out that the trend of 

future rainfall is increasing with the positive values of Sen’s Slope Test. Study shows that the 

Sen’s Slope Test values for eight (8) stations in Kemaman, which is Ban Ho, Hulu Jabor, Rumah 

Pam Paya Kempian, JPS Kemaman, Klinik Bidan Kg Ibok, SK Kemasek, Jambatan Tebak, and 

Jambatan Air Putih are 2.381, 1.158, 1.333, 1.252, 2.293, 1.06, 3.113, and 1.961 respectively. 

The frequency and intensity of forecasting rainfall also increasing compared to the historical 

data. In conclusion, the proper planning and mitigation action need to be done to minimize the 

losses that happen due to climate changes impacts. 

1. Introduction 
Global Climate Models (GCM) are commonly used to simulate historical, current, and forecast climates. 

They are based on physics, fluid dynamics, chemistry and several other fundamental rules [1]. GCMs 
can be chosen depending on their ability to simulate precipitation as well as temperature [2].  

Coupled Model Intercomparison Project Modelling in Phase 6 (CMIP6) provides multi-model climate 

forecast based on various scenarios, which are a direct expression of society concerns about climate 
change mitigation, adaptation and implications of climate change [2]. In a study of CMIP6 models for 

synoptic climatological trends in Europe, researchers found that the model improved consistently in 

most situations, suggesting their capacity to capture important synoptic circumstances [3]. In a multi-

model setting, the primary objective of CMIP is to better understand past, current, and future climate 

change resulting from natural, unforced variability or changes in radiative forcing [4].  

CMIP6 are using Shared Socio-economic Pathway (SSPs) for the  future scenario as its provide a clear 

explanation of future society’s socio-economic evaluation, allowing larger research communities 

involved in assessment modelling, impacts, adaptation and vulnerability of human societies and natural 

ecosystems to collaborate more effectively [5]. Shared Socio-economic Pathway (SSPs) in CMIP6 is an 

additional social development routes in the future, as well as updated versions of Representative 

Concentration Pathways (RCPs) in CMIP5 [2]. Furthermore, there are driven by SSP-based scenarios 
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developed using updated versions of integrated assessment models and based on updated data on recent 

emissions trend [6]. SSPs in CMIP6 is for climate modelling, which incorporates global economic and 

demographic trends, as well as greenhouse gas emissions. [7]. Each SSP forcing pathway combination 
indicates a comprehensive future climate and societal change circumstance that would be used to 

particular issues such as mitigation actions necessary to attain that particular climate findings, adaptation 

alternatives under that climate findings and assumed societal structures, and the existing implications or 

ecosystems [6].  

MRI-ESM2-0 is the projection model of CMIP6 from Meteorological Research Institute, Ibaraki which 

is from Japan. It can produce the GCM resolution 1.1250 x 1.1250 [7]. From previous researcher [3], they 

found out that MRI-ESM2-0 model are the best model, in terms of broader and skinnier sections, the 

model is quite comparable to the observation, and hence a more appropriate estimate of Iran’s 

precipitation.  
For these warnings, the forecasting of precipitation can be explain the smallest variations in precipitation 

and accompanying extremes [2]. Hydrological, water resource, and river flow research might benefit 

from the ensemble of daily precipitation data. Precipitation patterns may be used to forecast future 
intensity, duration, and frequency, as well as evaluate the impact of climate change on human life. 

Furthermore, the study’s findings will aid policymakers [8] [9],  in reducing the effects of climate 

change.  
Extreme precipitation and protracted dry periods are predicted to rise, thereby increasing the risk of 

flood, drought, water shortage, severe soil erosion, landslide, and hydrological hazard [3] [10] [9]. As a 

result, flood mitigation measured must be planned of time [10]. The aims of this study, to ascertain the 

climate projection by CMIP6 are compatible to be subjected for the future climate and to identify the 

trend of future climate projection in Kemaman, Terengganu. 

2. Study area & data 

2.1. Study Area  
The Kemaman is located in Terengganu, Malaysia. The total area of Kemaman is 2535.59km2 that 

located at latitudes 3° 50’ N - 4° 35’ N and longitudes 102° 50’ E - 103° 40’ E [11]. The catchment in 

Terengganu is controlled by the Northeast Monsoon which is happen from November until March every 
year and brings along heavy rainfall [12]. The northeastern monsoon, which occurs from November to 

March, and the southwest monsoon, which occurs from May to September influence Peninsular 

Malaysia’s climate [9].  

Kemaman have been chosen as study area due to several flood cases that happened in Kemaman in this 

recent year. Based on part studies [11], the worst flood have been occurred in December 2013 which is 

80% of this district was flooded roughly. A number of areas in this district were reported to have river 
levels that were over the danger limit for an extended period of time, such as Ban Ho Bridge, Air Putih 

Bridge and Tebak Bridge [11].   
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Table 1. List of selected rainfall station for the climate projection in 

Kemaman, Terengganu. 
 

    

Station Name 
Coordinate 

Station Number 
Latitude Longitude 

Kg Ban Ho  04 08 00 103 10 30 4131001 

Hulu Jabor 03 55 05 103 18 30 3933001 

Rumah Pam 

Paya Kempian 

04 34 05 102 58 45 4529001 

JPS Kemaman 04 13 55 103 25 20 4234109 

Klinik Bidan Kg 

Ibok 

04 19 40 103 22 05 4333096 

SK Kemasek 04 25 34 103 27 00 4434093 

Jambatan Tebak 04 22 40 103 15 45 4332001 

Jambatan Air 

Putih 

04 16 15 103 11 55 4232002 

 

 

2.2. Data   

2.2.1. Rainfall Data. 

 Daily precipitation data from Department of Irrigation and Drainage (DID) Malaysia for eight (8) 
stations located in Kemaman, Terengganu from 1986-2020.  The treatment of missing data for station 

Ban Ho, Hulu Jabor, Rumah Pam Paya Kempian, JPS Kemaman, Klinik Bidan Kg Ibok, Sk Kemasek, 

Jambatan Tebak, and Jambatan Air Putih have been done by using Inverse Distance Weighted (IDW) 

to make sure the data are reliable and compatible in the projection of historical and future rainfall model 

2.2.2. CMIP6 Global Circulation Models (GCM).  

The daily rainfall simulation of CMIP6 GCM is downloaded from 

https://esgfnode.llnl.gov/projects/cmip6/  (downloaded on 16th January 2022). The period of historical 

run of CMIP6 GCMs data from 1986-2014 was used for the comparison between historical data and 

historical run of CMIP6 GCMs data. For the projection of future precipitation of CMIP6 GCMs are 
extracted from 2015-2099 which is consist of three (3) types of Shared Socioeconomic Pathways (SSP), 

SSP126, SSP245, and SSP585. SSP126, SSP245, and SSP585 are the CMIP6 scenarios with lowest, 

moderate, and highest value respectively in term of anthropogenic radiative forcing by year 2100, global 
CO2 concentration, global CO2 emissions, with socioeconomic reasons. The type of model of simulation 

that have been chosen is MPI-ESM2 with variant label, r1i1p1f1 for the precipitation. 

3. Methodology 
Before starting the projection of CMIP6 GCMs model, the treatment of missing data of historical data 

is essential in contemplation of getting reliable data of forecasting precipitation. Therefore, the first 

phase in this study’s approach is to encounter the treatment of missing data by using inverse distance 

weighted (IDW). Then, the projection of historical runs of rainfall of CMIP6 GCMs data (1988-2014) 

and the projection of future rainfall of rainfall of CMIP6 GCMs data (2015-2099) 
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3.1. Inverse Distance Weighted (IDW)  
Inverse Distance Weighted (IDW) is the most straightforward and often used approach for the treatment 

of missing data, this is because the assumption is based on the values of nearby stations [13]. IDW also 
the most effective technique to deal with missing data compared to Expectation Maximization (EM) and 

Multiple Imputation (MI). The formula for IDW method as: 

 

Vo= 
∑ (Vi Di⁄ )n

i=1

∑ (1 Di⁄ )n
i=1

                                                                            (1) 

3.2. Climate projection by CMIP6 
The projection of historical run and future run of rainfall are using Linear Scaling (LS) of bias 

correction. The ratio of monthly observed have been used to simulate the corrected bias data. Same as 

previous study [14], the difference between monthly observed and monthly simulated values is used to 

correct biases in the linear scaling approach and the difference is applied to the simulated data. 

3.3. Trend Analysis 
Sen’s Slope Test have been used in this study in order to determine the trend analysis of future rainfall 

in Kemaman,Terengganu. The Sen’s Slope technique estimates the slope of the trend using a linear 

model, and the variance of the residual should be constant across the time [15]. The equation of Sen’s 

Slope as calculated as below: 

 

�� =  
����� 

��	
 
�� � = 1, … . .

∑ (Vi Di⁄ )n
i=1

∑ (1 Di⁄ )n
i=1

                                                               (2) 

4. Result & Discussion 

4.1. Climate Projection by CMIP6  
The comparison between actual historical data of rainfall for eight (8) stations in Kemaman, Terengganu 
and historical run by using CMIP6 GCMs data from 1988-2014 have been carried out. The 

differentiation is being undergo in order to find the percentage error between two (2) set of data. The 

percentage error between actual historical data of rainfall and historical run by using CMIP6 GCMs data 

should be below than 20% to make sure it is compatible to proceed for projection of future rainfall 

modelling. The percentage errors between historical rainfall data and historical run of CMIP6 GCMs 

model from 1988-2014 for station Ban Ho, Hulu Jabor, Rumah Pam Paya Kempian, JPS Kemaman, 

Klinik Bidan Kg Ibok, Sk Kemasek, Jambatan Tebak, and Jambatan Air Putih are 1.2%, 7%, 0.4%, 4%, 

4.6%, 2.6%, 0.5%, and 2.5% respectively. All eight (8) stations are achieving the percentage error 

between actual historical rainfall data and historical run of CMIP6 GCMs models below 20%. Therefore, 
the historical run of CMIP6 GCMs model are able to generate the rainfall modelling almost the same 

with the actual historical rainfall data. Its shows that the selection model is compatible to subjected to 

projection of future rainfall in this selected area. The result of comparison between historical data of 
rainfall for eight (8) stations in Kemaman, Terengganu and historical run by using CMIP6 GCMs data 

has been shown in Figure 1. 

Next, the comparison between historical data for eight (8) stations in Kemaman, Terengganu and future 

climate projection by using CMIP6 GCMs model data from 2015-2020. The comparison has been 

proceeded in order to analyze the compatibility of future climate projection by using CMIP6 GCMs 

model data for the future climate projections with three (3) types of SSP which is SSP126, SSP245 and 

SSP585. Various SSPs in a particular matrix row will have unique characteristics of regional economic 

growth, energy system development, air quality policies, land usage, and other features, resulting in the 

same global average forcing outcome being attained by different ways in each case [6].  
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4.2. Climate Projection by CMIP6  
The projection of future rainfall in Kemaman, Terengganu are divided into three (3) intervals years, 

which is 2020-2039 (Δ2030), 2040-2069 (Δ2050), and 2070-2099 (Δ2080) for three (3) types of SSPs 
which SSP128, SSP245, and SSP585 have been stated at Figure 2. Based on the result of forecasting the 

future rainfall, it shows the increasing volume and intensity of rainfall compared to historical volume of 

rainfall in Kemaman, Terengganu. Simultaneously, Figure 3 shows the result of Sen’s Slope for the 

analysis rainfall trend in Kemaman, Terengganu which is also shows the increasing trend of future 

rainfall in this study area. 

The analysis of trend of future rainfall in Kemaman, Terengganu are undergone by using Sen’s Slope 

Test. From this analysis, the study shows the increasing trend for all eight (8) stations. The Sen’s Slope 

value for eight stations, Ban Ho, Hulu Jabor, Rumah Pam Paya Kempian, JPS Kemaman, Klinik Bidan 

Kg Ibok, Sk Kemasek, Jambatan Tebak, and Jambatan Air Putih are 2.381, 1.158, 1.333, 1.252, 2.293, 
1.06, 3.113, and 1.961 respectively. The result of analysis trend of future rainfall in Kemaman, 

Terengganu are undergone by using Sen’s Slope Test has been shown in Figure 3. From the equation of 

Sen’s Slope, it shows that the positive values of Sen’s Slope show increasing trend of the data set. 
It is correlate with the previous study, [9] found out that coastal region of peninsular Malaysia are more 

vulnerable to hydrological hazard compared to interior zones of peninsular Malaysia, which is, coastal 

region of peninsular Malaysia are expected to receives a lot of rainfall during northeastern monsoon 
compared to southwest monsoon and several area of study region are expected to having a flood 

situation. On the other hand, the study area in Egypt [10] found out that, along the Mediterranean coast 

shows that the increment of annual precipitation for the CMIP6 MME. Besides, in the arid basins of 

Iran, high intensity and high frequency of rainfall are anticipate under the SSP585 scenarios during 

2061-2100 [3]. 
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Figure 1. Comparison between historical rainfall data and historical run CMIP6 GCMs  

model from 1988 until 2014 
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Figure 2. Result of projection for future rainfall for SSP126, SSP245, and SSP585  

for three (3) interval years, 2020-2039, 2040-2069, and 2070-2099 

 in Kemaman, Terengganu.  
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Figure 3. Sen’s Slope result for the future rainfall in Kemaman, Terengganu for SSP126,  

SSP245, and SSP585 

 

5. Conclusion 
Eight (8) stations in Kemaman, Terengganu show the result of comparison between actual historical 

rainfall data and historical run of CMIP6 model with percentage error below than 20% and the projection 

of historical CMIP6 model almost the same with the actual historical data. It shows that the projection 

of CMIP6 model based on MRI-ESM2-0 can be used as predictor for the future projection climate. This 

is corresponding with the previous study, which CMIP6 up to delivers multi-model climate forecast 
based on numerous scenarios that directly reflect societal concerns about climate change, mitigation, 

adaptation, and repercussions [2]. In addition, the future projection of rainfall shows the increasing trend 

and intensity for the future rainfall by using Sen’s Slope Test based on MRI-ESM2-0 types of models 
under CMIP6 models compared to historical data of rainfall in this study area. This model is capable to 

forecast the long-term trend of rainfall which is very crucial nowadays. In conclusion, the implement of 

action to manage the risk of climate change impacts need to be done immediately. The proper planning 

of infrastructures and mitigation plan of flood relief is needed to make sure that it is suitable and 

corresponding with the future climate. 

6. References 
 

[1] X. Zhang, L. Hua, and D. Jiang, “Assessment of CMIP6 model performance for temperature 

and precipitation in Xinjiang, China,” Atmos. Ocean. Sci. Lett., 2021, doi: 

10.1016/j.aosl.2021.100128. 
[2] M. S. Nashwan and S. Shahid, “Future precipitation changes in Egypt under the 1.5 and 2.0 °C 

global warming goals using CMIP6 multimodel ensemble,” Atmos. Res., vol. 265, no. July 

2021, 2022, doi: 10.1016/j.atmosres.2021.105908. 

[3] A. Zarrin, A. Dadashi-Roudbari, and S. Hassani, “Future Changes in Precipitation Extremes 

Over Iran: Insight from a CMIP6 Bias-Corrected Multi-Model Ensemble,” Pure Appl. 
Geophys., vol. 179, no. 1, pp. 441–464, 2022, doi: 10.1007/s00024-021-02904-x. 

[4] V. Eyring et al., “Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) 

experimental design and organization,” Geosci. Model Dev., vol. 9, no. 5, pp. 1937–1958, 

2016, doi: 10.5194/gmd-9-1937-2016. 
[5] H. Zhu, Z. Jiang, and L. Li, “Projection of climate extremes in China, an incremental exercise 

from CMIP5 to CMIP6,” Sci. Bull., vol. 66, no. 24, pp. 2528–2537, Dec. 2021, doi: 

10.1016/j.scib.2021.07.026. 
[6] B. C. O’Neill et al., “The Scenario Model Intercomparison Project (ScenarioMIP) for CMIP6,” 

Geosci. Model Dev., vol. 9, no. 9, pp. 3461–3482, 2016, doi: 10.5194/gmd-9-3461-2016. 

0
0.5

1
1.5

2
2.5

3
3.5

Ban Ho Hulu 

Jabor

Pam Paya 

Kempian

JPS 

Kemaman

Klinik 

Bidan 

Ibok

Sk 

Kemasek

Jam Tebak Jam Air 

Putih

Sen's Slope 

SSP126 SSP245 SSP585



World Sustainable Construction Conference Series
IOP Conf. Series: Earth and Environmental Science 1140 (2023) 012005

IOP Publishing
doi:10.1088/1755-1315/1140/1/012005

9

 
 
 
 
 
 

[7] Z. Iqbal et al., “Evaluation of CMIP6 GCM rainfall in mainland Southeast Asia,” Atmos. Res., 
vol. 254, Jun. 2021, doi: 10.1016/j.atmosres.2021.105525. 

[8] Z. Iqbal et al., “Evaluation of global climate models for precipitation projection in sub-
Himalaya region of Pakistan,” Atmos. Res., vol. 245, no. January, p. 105061, 2020, doi: 

10.1016/j.atmosres.2020.105061. 

[9] M. S. Nashwan, S. Shahid, E. S. Chung, K. Ahmed, and Y. H. Song, “Development of climate-

based index for hydrologic hazard susceptibility,” Sustain., vol. 10, no. 7, 2018, doi: 

10.3390/su10072182. 

[10] M. S. Nashwan and S. Shahid, “Future precipitation changes in Egypt under the 1.5 and 2.0 °C 

global warming goals using CMIP6 multimodel ensemble,” Atmos. Res., vol. 265, no. July 

2021, p. 105908, 2022, doi: 10.1016/j.atmosres.2021.105908. 

[11] W. K. Lee and T. A. Tuan Resdi, “Simultaneous hydrological prediction at multiple gauging 
stations using the NARX network for Kemaman catchment, Terengganu, Malaysia,” Hydrol. 
Sci. J., vol. 61, no. 16, pp. 2930–2945, Dec. 2016, doi: 10.1080/02626667.2016.1174333. 

[12] I. Hafiz et al., “Flood forecasting and early warning system for Dungun River Basin,” in IOP 
Conference Series: Earth and Environmental Science, 2013, vol. 16, no. 1, doi: 10.1088/1755-

1315/16/1/012129. 

[13] A. H. Azman, N. N. A. Tukimat, and M. A. Malek, “Comparison of Missing Rainfall Data 
Treatment Analysis at Kenyir Lake,” IOP Conf. Ser. Mater. Sci. Eng., vol. 1144, no. 1, p. 

012046, 2021, doi: 10.1088/1757-899x/1144/1/012046. 

[14] S. Shrestha and R. Roachanakanan, “Extreme climate projections under representative 

concentration pathways in the Lower Songkhram River Basin, Thailand,” Heliyon, vol. 7, no. 

2, p. e06146, 2021, doi: 10.1016/j.heliyon.2021.e06146. 

[15] R. M. da Silva, C. A. G. Santos, M. Moreira, J. Corte-Real, V. C. L. Silva, and I. C. Medeiros, 

“Rainfall and river flow trends using Mann–Kendall and Sen’s slope estimator statistical tests 
in the Cobres River basin,” Nat. Hazards, 2015, doi: 10.1007/s11069-015-1644-7. 

 

 
Acknowledgments 
The authors would like to thank the Ministry of Higher Education for providing financial support under 

Fundamental research grant No. FRGS/1/2019/TK01/UMP/02/1 (University reference RDU1901141) 

and Faculty of Civil Engineering Technology (FTKA), Universiti Malaysia Pahang for additional 

financial support, Malaysian Meteorological Department (MMD), and Drainage and Irrigation 

Department (DID). 
 


