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Abstract 
 

 

The onset and withdrawal date of NEM 2019/2020 respectively were on 14 

November 2019 and 18 March 2020. The onset date has fall within the average 

onset date. But the withdrawal date was strayed away from the average 

withdrawal date which is 16 May 2020. The withdrawal date was chosen 

considering on the synoptic features not followed by Northeast Monsoon Index 

(NEMI) index. The date and period of monsoon surges was calculated using 

Meridional Surge Index (MESI) and the total of 11 of surges were observed 

during NEM 2019/2020 with 3 Meridional Surge (MS), 7 Easterly Surge (ES) 

and 1 Mixed Surge (MES). The highest duration of surges was 14 days in the 

seventh surge (ES). Meanwhile, the lowest duration of surge was 3 days in the 

fifth surge (MES) and the eleventh surge (ES). From these surges, only episode 

4, 6 and 7 of surge showed the daily accumulated rainfall exceed 150mm. The 

total number of TC occurred through this NEM season was seven (7) which 

three (3) of them form during the surges. Compared to all TC occurred, only TC 

Kammuri coincided with a heavy rainfall episode (Episode 4) in the 

northeastern Peninsular Malaysia (28 November - 8 December 2019). Overall, 

the other surges were declared as dry surge due to the non-existence significant 

rainfall. The El-Niño Southern Oscillation (ENSO) continued to remain in the 

neutral state. There are eight (8) MJO events were occurred in Phase 4 and 5 but 

only three (3) MJO events were occurred during the cold surge of NEM 

monsoon 2019/2020. The Indian Ocean Dipole (IOD) is slightly positive but 

continues to weaken and a return to neutral state starting in the middle of 

December 2019.  

 

 

 

 



1 

 

1.0 Introduction 

 

This report reviews the onset, withdrawal, and period of cold surges of the 

Northeast Monsoon (NEM) during the 2019/2020 season. The daily analysis included 

rainfall and monsoon surges by regions in Malaysia. The monsoon system over 

Malaysia is characterized by wind patterns rather than the rainfall distribution as 

delineated by Ramage (1971).  The NEM season in Malaysia is due to the prevailing 

northeasterly winds occurring from November until March that dominates the lower 

troposphere synoptic circulation. The monsoon has a significant impact on Malaysian 

weather (Moten et al., 2014).  

 

2.0 Methodology  

 

This section explains and provide details of all the data and methods used in 

this report. The data includes the daily rainfall recorded by the observation stations 

by the Malaysian Meteorological Departmentôs (MET Malaysia). The data also 

included wind and mean sea level pressure (MSLP) that were obtained from the 

Japanese 55-years Reanalysis (JRA-55) dataset provided by the Japan 

Meteorological Agency (JMA) and quantitative daily precipitation from satellite 

observations obtained from NASAôs Global Precipitation Measurement (GPM) 

(Huffman et al., 2019). In addition, the data of the Tropical Cyclone best track data 

(1951 - 2019) was obtained from the Regional Specialized Meteorological Center 

(RSMC) - Tokyo that documents the formation, movement, and development of 

tropical cyclones (TC) of the Western North Pacific within the framework of the World 

Weather Watch (WWW) Program of the World Meteorological Organization (WMO). 

The atmospheric circulations and the anomalies plots were plotted using the GrADS 

(Grid Analysis and Display System) program.  
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2.1 Onset and Withdrawal of the NEM 2019/2020 

 

The Global Reanalysis Wind, the Japanese 55-years Reanalysis (JRA-55) 

dataset provided by the JMA were used in this report to objectively define the onset 

and withdrawal dates as well as the episode of surges. The onset and withdrawal of 

the NEM 2019/2020 were objectively calculated using the criteria proposed by Moten 

et al. (2014).  

 

Northeast Monsoon Index (NEMI) was obtained by using the average zonal 

wind component at 925-hPa and 850-hPa over a blue box as shown in Figure 1. The 

onset of the NE monsoon occurs if the easterly wind component is sustained for at 

least seven days, and at least with one day where the speed is greater than 5 knots 

(2.5m/s). Meanwhile, the withdrawal of the NEM is said to have taken place when the 

easterly wind component has weakened to less than 2.5m/s for seven consecutive 

days and the westerly wind component (positive value) starts to penetrate the 

Malaysian region (Moten et al., 2014).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Blue box area at 3.75° N to 6.25° N and 102.50° E to 105.00°E used for 

computing the onset and withdrawal of NEM and grey region used for computing the 

cold surge.  (Moten et al. 2014) 
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2.2 Monsoon Surges of the NEM 2019/2020 

 

The definitions of the meridional surge (MS) and easterly surge (ES) were 

adopted from Chang et al. (2005) and Hai et al. (2017). The cold surge index from 

Chang et al. (2005) was calculated to detect all the surge events based on outbreaks 

of cold air outburst from the Siberian High moving towards the equatorial South 

China Sea (SCS). By adapting the index deýnition from Chang et al. (2005), the ES 

was defined due to the strengthening or equatorward movement of the subtropical 

ridge in the northwestern Pacific as a result of a Siberian High outbreak Raman et al. 

(1978).  

 

For the surge calculation, the method used by Chang et al. (2005) and Hai et 

al. (2017) were adopted to calculate the Meridional Surge Index (MSI and Easterly 

Surge Index (ESI) during this NEM 2019/2020 period. MSI was calculated as the 

average of 925 hPa meridional winds bounded by 110°E to 117.5°E along 15°N, 

while ESI was calculated as the average of 925 hPa zonal winds between 7.5°N and 

15°N along 120°E. A MS/ES event was said to occur when this index exceeded 8 

m/s for at least three consecutive days. For the MES, it was considered when MS 

and ES occurred concurrently. The Mixed Surge (MES) is defined when MS and ES 

occurred simultaneously.  

 

2.3 Synoptic Plots 

 

The synoptic plots in every figure starts from episode of surge 1 to 11 that 

were plotted using GrADS program as illustrated in Figure 8 to Figure 18. The types 

of the data used for synoptic plots included GPM satellite data in NetCDF format, 

MSLP and wind in GrADS CTL file. While, an anomaly of an average rainfall was 

calculated by removing DJF (stands for December January, and February) long-term 

TRMM Mean Data (1997 ï 2020).  
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3.0  Results and Discussion 

 

3.1 Onset and Withdrawal NEM 2019/2020 

 

The onset and withdrawal of NEM 2019/2020 were both determined using the 

above-mentioned method known as the North East Monsoon Index (named NEMI 

from here on). The onset and withdrawal date for NEM 2019/2020 season were on 

14 November 2019 and 16 May 2020, respectively as shown in Figure 2. The onset 

date falls within the normal range of the climatological onset, which was consistent 

with Moten et al. (2014) as shown in Figure 3. However, the withdrawal date 

calculated from NEMI was beyond the average withdrawal date, March 18, 2020. 

This was due to the easterly wind captured by NEMI that was from the Pacific Ocean 

and not from the high-pressure system found mid-latitude, as shown in Figure 4. In 

addition to NEMI, subjective analysis of synoptic low-level wind was carried out to 

determine both onset and withdrawal date of NEM 2019/2020.  

 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Onset and withdrawal date calculated based on Northeast Monsoon Index 

(NEMI) only 

 

 

 



5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Onset date of NEM 2019/2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Withdrawal date of NEM 2019/2020 
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From the synoptic low-level wind analysis, the onset date of NEM 2019/2020 

was determined when Malaysia was dominated by the northeasterly wind from 

Central Asia on the November 13 onwards. The withdrawal date of NEM 2019/2020 

was due to the NE wind weakening around the Taiwan region. This is supported by 

weakening of northerly winds in Kota Bharu from March 18, 2020 followed by 

weakening of easterly winds at the same period as depicted by the Hovmoller 

diagram in Figure 5. Therefore, the withdrawal date of NEM 2019/2020 was decided 

on 18 March 2020.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5: NEMI calculated using the upper air observation over Kota Bharu Station 

 

3.2 Monsoon Surges of the NEM 2019/2020 

 

The date and period of monsoon surges were calculated using MESI and a 

total of 11 surges were observed during NEM 2019/2020. Based on the definition of 

a surge by Fakaruddin et al. (2019), the minimum duration of a surge was three days 

for both meridional surge (MS) and easterly surge (ES) while the minimum duration 

of the mixed surge (MES) was two days. This NEM 2019/2020 experienced 3 MS, 7 

ES and 1 MES, as shown in the MESI time series plotted in Figure 6. The highest 

surge duration was 14 days, which was seen in surge 7 (ES). Meanwhile, the lowest 

surge duration was three days in the surge 5(MES) and surge 11 (ES). The total of 

surges during NEM season and NEM 2019/2020 is illustrated in Table 1.  
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Table 1: The total surges during NEM season and NEM 2019/2020 

 Climatology NEM 2019/2020 

Total number of surges 29 11 

Total surge days 76 71 

 

Overall, the NEM in the Malaysia region continued to prevail in January until 

February, and gradually weakened in March. However, during NEM 2019/2020 a 

below-average rainfall in Malaysia was observed. The rainfall distribution for 

December, January, and February (DJF) is depicted in Figure 7.  

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 7: Anomaly average rainfall for DJF for NEM 2019/2020  
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Figure 6: MS, ES and MIXED surge time series plot 
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3.3 Tropical Cyclone (TC) Occurrence during NEM 2019/2020 

 

 Tropical cyclone (TC) has a strong influence on the regional wind and weather 

patterns even though Malaysia is not directly on the path of cyclones (Munirah et al., 

2009). The presence of TC in WNP or SCS can alter the synoptic circulation patterns 

and also impact the weather over the Asian monsoon region which largely depended 

on the stage of the TC intensity and the location (Munirah et al., 2009). 

Climatologically, an average of 27 cyclones per year was observed in the western 

North Pacific and South China Sea based on 52-year statistics from 1967 to 2019. 

The most active TC developed between July to October whereby August recorded 

the highest number of TC. The least number of TC development is seen between the 

month of January to April of which the lowest TC observed is in the month of 

February (Munirah et al., 2009). The strongest TC of the year was Typhoon Halong 

with the maximum wind recorded at 115 knots. The total number of TC occurring 

through this NEM season were seven, which are listed in Table 2.  

 

Table 2: List of TC during NEM 2019/2020 that has an impact on the weather 

patterns in Malaysia 

No. Name of TC Date of TC 

1. Halong 2 - 9 November 2019 

2. Nakri 5 - 11 November 2019 

3. Fengshen  12 - 17 November 2019 

4. Kalmaegi  14 - 20 November 2019 

5. Fungwong  20 - 22 November 2019 

6. Kammuri 26 November - 6 December 2019 

7. Phanfone 22 December - 28 December 2019 

 

3.4 Episode of Surges during NEM 2019/2020  

 

3.4.1 Episode 1: 5 November - 8 November 2019 

 

The first episode of surge for the season occurred from 5-8 November 2019 

which was identified as MS. The duration of the surge was 4 days. Figure 8 shows 

the large-scale circulation before, during and after the first episode of the surge. The 

Siberian High (SH) intensified during this period, from 1020 hPa to 1035 hPa, a few 

days prior to the surge towards the South China Sea (SCS). In the equatorial region, 

https://en.wikipedia.org/wiki/Tropical_cyclone
https://en.wikipedia.org/wiki/Typhoon_Halong_(2019)
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three cyclonic vortices were observed and embedded in the monsoon trough which 

was located within 10oN to 15°N extending from 100°E to 160°E.  Typhoon Halong 

formed in the western Pacific while another two vortices were located in the southern 

South China Sea (SCS).  

 

One of the vortices in the SCS later migrated northwestward towards Bay of 

Bengal (BoB) while another remained quasi-stationary in the SCS. Due to the 

presence of the cyclonic vortex in the offshore Vietnam, the wind patterns in the 

Malaysian region had been dominated by the southwesterly wind. The southwesterly 

wind in Malaysia had refreshed as the cyclonic vortex strengthened. During this 

period, the rain bands were observed mainly in the vicinity of the cyclonic vortices. 

As reported by Yokoi and Matsumoto (2008), the presence of a vortex in northern 

SCS could prevent the cold surge from propagating farther southward. As a 

consequence, the southerly winds from the cyclonic vortex interacted with the 

northeasterly winds from the MS and formed a strong low-level convergence. 

Therefore, during this MS period, the rain bands were observed mainly in the vicinity 

of the cyclonic vortex located off the coast of Vietnam. 

 

During the onset of the cold surge, the cyclonic vortex located in the southern 

South China Sea (SCS) intensified into the typhoon named Nakri. The monsoon 

trough in the Northern Hemisphere was observed within 10°N to 15°N and extended 

from 100°E to 160°E.  The presence of Typhoon Nakri remains quasi-stationary 

throughout the surge period whereby it intercepted the northeasterlies and prevented 

the intrusion of northeasterlies equatorward. Its presence modified the low-level wind 

circulation near the equator. During this period, low-level southerlies dominated 

Malaysia. Therefore, a no-heavy rainfall episode occurred in Malaysia throughout 

this period. The MS ended on November 9, 2019 while Typhoon Nakri was 

weakened and finally dissipated by November 11, 2019. The low-level westerly wind 

still dominated Malaysia.  
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Two vortices which were located at the west of Philippines (110°E to 120°E) 

and west of the Pacific Ocean (150°E to 160°E) were weakened, the day after the 

first surge occurred. The two cyclonic vortices which were referred to as a typhoon 

were not significant over the Malaysian region. The monsoon trough remained in the 

same position within 10°N to 15°N.  
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*Color legend refers to precipitation amount (mm/day) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Before, during, and after first surge (5 - 8 November 2019) 
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3.4.2 Episode 2: 18 - 21 November 2019 

 

Figure 9 shows the large-scale circulation before, during, and after second 

episode of a surge occurrence. The duration of episode 2 was four days and 

classified as MS. A cyclonic vortex was observed to have shifted from north of Japan 

to the north of the Pacific Ocean within 40°N to 60°N and extending from 130°E to 

180°E starting on 15 to 17 November 2019. The subtropical ridge in the Northern 

Hemisphere was consistently observed within 20°N to 40°N and extended from 90°E 

to 160°E. Typhoon Kalmaegi had developed and moved slowly from the west to the 

northwest towards Babuyan Islands, north of Luzon, Philippines. Then, the system 

gradually weakened as it moved towards SCS.    

 

The broad easterly wind from the western Pacific Ocean penetrated into the 

South China Sea with a magnitude of 10 to 20 knots. The subtropical ridge extended 

from the western Pacific Ocean to mainland Asia between 30°N to 35°N extending 

from 100°E to 170°E. The near equatorial trough was slightly observed over the 

western Pacific Ocean but did not extend over the Peninsula Malaysia. Low-level 

easterlies winds dominated the Peninsula Malaysia and the wind convergence was 

observed between southern Borneo and southern Peninsular Malaysia during this 

episode.  However, southern Johore and Sarawak recorded slightly below average 

during this surge.  

 

The synoptic wind analysis day 22 and 24 of November 2019 after surge 2 

was also observed. The subtropical ridge was observed between 30°N to 40°N, 

extending from 100°E to 180°E at the end of this surge episode. The wind speed 

decreased from 5 to 10 knots over the Malaysian region after the surge.  
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*Color legend refers to precipitation amount (mm/day) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Before, during, and after second surge (18 - 21 November 2019) 
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3.4.3 Episode 3: 26 - 30 November 2019 

  

The large-scale circulations before, during, and after third episode of surge 

are shown in Figure 10. The northeasterly wind from the Western Pacific Ocean 

penetrated the Malaysian Region and was observed to have a magnitude of 10 to 20 

knots. The near equatorial trough was located between 0°N to 5°N and 100°E to 

180°E. No heavy rainfall was recorded prior to the surge 3.  

 

The third surge occurred from 26 until 30 November 2019 which was identified 

as ES. The duration of the ES was five days. The cyclonic vortex slightly moving 

toward the east of Peninsula Malaysia from the western Pacific Ocean between10°N 

to 20°N and 160°E to 140°E. The monsoon trough was present over the western 

Pacific Ocean and SCS.  The tracking of Typhoon Kammuri showed that it moved 

westward from 160°E to 110°E and between 10°N to 20°N from 26 November 2019 

to 6 December 2019. The impact of Typhoon Kammuri is not clearly observed as it 

was located far from the Malaysian region. The rainfall amount increased in Kelantan 

compared to other states in the east coast of Peninsula Malaysia throughout the third 

surge episode. The meteorological station recorded rainfall at 105.23mm (Kota 

Bharu) and 106.2mm (Kuala Krai), respectively, which was the highest logged 

rainfall.  

 

 The day after third episode of surge started from 1 to 3 December 2019. 

During this period, Typhoon Kammuri moved from WNP and crossed the Philippines. 

There was another cyclonic circulation observed between 5°N to 10°N and 140°E to 

150°E. The wind convergence in the area of Bunguran (between the Peninsula 

Malaysia and Kuching) was observed.      
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*Color legend refers to precipitation amount (mm/day) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Before, during, and after Surge 3 (26 - 30 November 2019) 
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3.4.4 Episode 4: 28 November - 8 December 2019 

 

Figure 11 shows the large-scale circulation before, during, and after fourth 

episode of surge. The wind flowed from northern South China Sea and crossed the 

equatorial southeasterly from Java which then converged between 0°N to 5°N and 

100°E to 110°E along the monsoon trough in the east coast of Peninsula Malaysia.         

 

The fourth surge episode started from 28 November to 8 December 2019. 

This surge was classified as meridional surge with a recorded duration of 11 days. 

The 15 to 20 knots northeasterly wind dominated over the Malay Peninsula during 

this period. A cyclonic circulation that was observed between 0°N to 7°N had shifted 

westward from western North Pacific between 150°E to 120°E. This surge intensified 

the northeasterly winds over the SCS and directly flowed to the east coast of 

Peninsula Malaysia which impacted Kelantan and Terengganu. The heaviest rainfall 

during this surge episode was recorded on the December 1, 2019 in Gong Kedah, 

Terengganu meteorological station (366.8mm).  

 

The end of the fourth surge was observed on 9 to 11 December 2019. 

Northeasterly wind speed decreased as compared to the surges from 15 - 20 knots 

to 10 - 15knots. The monsoon trough was located around 0°N to 5°N, which 

maintained the same position two days prior to the fourth surge episode. Additionally, 

the broad northeasterly from mainland Asia converged in Borneo. This convergence 

had enhanced the convection over areas in Sarawak.  
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*Color legend refers to precipitation amount (mm/day) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Before, during, and after Fourth Surge (28 November - 8 December 2019) 


