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storm Super Typhoon MANGKHUT 

location Pattao, Buguey, Cagayan Province, Philippines 

date 15 September 2018 

chasers Josh Morgerman, Oli Sloane author Josh Morgerman 

 
 

Overview 
 
Super Typhoon MANGKHUT was an intense Category-5 typhoon that crossed the N reaches of Luzon 
in the Philippines in the early-morning hours of 15 September 2018. 
 
The author was in the barangay of Pattao, in the town of Buguey, in Cagayan Province (18.25083N 
121.81494E)—about 11 n mi N of the typhoon’s track—to document this event. 
 
Key observations: 
 

• Minimum pressure. The lowest recorded pressure was 942.2 mb at 3:45 am PHT, as 
MANGKHUT’s eye passed a few miles to the S. 

 
• Concentric eyewalls. MANGKHUT had distinctly observable double wind maxima on the 

ground. A 40-minute period of violent winds was followed by a relative lull for over one hour, 
followed by a second 40-minute period of violent winds from the same general direction. 
Viewed alongside air-pressure data and radar imagery, it’s clear the first violent period was the 
outer eyewall and the second violent period the inner eyewall. The minimum pressure was 
measured in the apparent inner eyewall. 

 

 
 

MANGKHUT just after landfall in Luzon. Author’s location is marked by the star. (Himawari-8 image from 
CIMSS/SSEC/University of Wisconsin – Madison.) 
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Location 
 
The author observed the passage of Super Typhoon MANGKHUT in the barangay of Pattao, in the 
town of Buguey, in Cagayan Province, at 18.25083N 121.81494E. This location is the Buguey Public 
Market, a shopping plaza on the N side of the main highway going through the town. 
 
As per warning positions from the Japan Meteorological Agency, this location was close to the cyclone’s 
track, ~11 n mi N of the exact center (at its point of closest approach). 
 
The author arrived at this location just after 12 midnight on 15 September, as MANGKHUT was 
beginning to strike, remaining there through the next morning, until the typhoon had passed. 
 
The Chase Map shows the author’s location (black star) in relation to MANGKHUT’s center, as per 
Japan Meteorological Agency (purple) and Joint Typhoon Warning Center (pink) operational tracks.  
(Figure 2 is a zoomed-in view.) 
 
 

Figure 1: Chase Map 
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Figure 2: Chase Map (CLOSE) 
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Chronology 
 
MANGKHUT’s eye passed just S of the author’s location in Buguey, Cagayan Province. The author 
observed the typhoon’s passage from the ground floor of a roadside shopping plaza. The cyclone’s 
destructive core—including the inner eyewall—passed over this observation point. 
 
Following is a brief chronology of observed conditions during the typhoon’s passage—reconstructed 
from the author’s time-stamped video footage and air-pressure data. 
 
Color key: 
 

• Pink = violent winds—defined here as winds that inflict structural damage 

• Blue = relative lull 

• Yellow highlight = minimum air pressure 
 
Please note the start and end times of these phases were subjectively determined (without wind 
data) and should be considered approximate. All times are local (PHT) on 15 September: 
 
 
TIME (PHT) MB  CONDITIONS 
 
12:32 am 972.7  very windy; moderate rain 
 
12:58 am 968.2  steady, strong winds; heavy rain 
 
1:26 am 962.5  very strong winds, heavy rain 
 
1:30 am 961.7  estimated entrance into OUTER EYEWALL 
 
1:42 am 959.9  high-pitched whistling & roaring; crashing sounds; flying debris 
 
1:57 am 956.6  house across the street collapses from force of wind 
 
2:01 am  955.7  continued intense wind, high-pitched howl; heavy rain 
 
2:10 am 954.6  estimated entrance into MOAT 
 
2:12 am 954.7  winds still destructive, but not as strong 
 
2:15 am 953.8  winds weaker, increased visibility 
 
2:40 am 951.0  winds strong but still milder than earlier, still from same  

general direction 
 
3:15 am 948.0  estimated entrance into INNER EYEWALL 
 
3:20 am 947.3  powerful winds returning; crashing sounds, flying debris again 
 
3:35 am 943.2  powerful winds, lots of flying debris; heavy rain 
 
3:37 am 944.5  ceiling of shelter heaving from force of wind; banging sounds 
 
3:45 am 942.2  winds still very intense, occasional lightning  
 
3:55 am 943.8  estimated exit from INNER EYEWALL 
 
4:02 am 943.9  calming down again, wind shifting more to E 
 
4:31 am 948.2  strong gusts, ears popping 
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4:40 am 949.3  winds still very gusty, but worst seems to have passed 
 
5:35 am 959.8  daylight: very windy; rain
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Structural Observations 

 
Super Typhoon MANGKHUT had distinct concentric eyewalls as it made landfall in Luzon.  
 
The radar shots leading up to landfall (Figures 3, 4, 5) clearly show the inner and outer eyewalls, as 
well as the author’s location (marked with a star). 
 
The 2:45 am PHT radar shot (Figure 6)—from just after landfall—also reveals these structural features, 
although they’re less distinct due to land interaction. Figure 7 is a zoomed-in view of this shot, with the 
structural features (and author’s location) labeled. Unfortunately, this 2:45 am PHT image was the very 
final one before site failure. 
 
In each of the radar images (both pre- and post-landfall), it’s clear: 
 

• The outer eyewall was large and vigorous. 

• The inner eyewall was much smaller but equally vigorous. 

• A distinct moat separated these inner and outer eyewalls, creating a lull between double wind 
maxima. 

 
This concentric eyewall structure (and double wind maxima) explains the sequence of events on 
the ground, at the author’s location in Buguey (described in detail in the Chronology section, above). 
 
To review in the context of this structural discussion: 
 

1. Outer Eyewall. Strong winds after midnight steadily increased, reaching violent and 
destructive speeds by about 1:30 am PHT and continuing for roughly 40 minutes. During 
this period, there was large flying debris and major structural damage, including the collapse of 
a house across the street from the author’s location. 

 

• Note: Radar images (like Figure 3) suggest the outer eyewall arrived at the author’s 
location earlier—closer to 1:00 or 1:15 am. However, on the ground, the violence of the 
wind seemed to noticeably increase around 1:30 am. 

 
2. Moat. A distinct lull occurred from about 2:10 to 3:15 am PHT. Rain became light and 

visibility improved, and while winds never totally calmed, they reduced significantly. The 
calming was so pronounced a companion actually asked if it was the eye—however, the author 
knew it wasn’t because 1) the air pressure wasn’t low enough (in the 950s), 2) the pressure 
continued to fall, and 3) the wind didn’t significantly change direction. 

 
3. Inner Eyewall. At about 3:15 am, heavy rain and violent winds returned, without a 

significant shift in direction—with more large flying debris, a tricycle taxi in front of the building 
getting tossed, etc. This was the inner eyewall (labeled in Figure 7) and likely the inner wind 
maximum. 

 
These peak conditions continued until just before 4 am, then seemed to ease, probably as the inner 
eyewall cleared the author’s location. The typhoon’s structural features became less distinct from this 
point onward—most likely due to its interaction with the mountainous terrain of Luzon—and therefore 
aren’t notated in the chronology after 4 am. 
 
Refer to the Chronology section (above) for more detail Re: the minute-by-minute conditions. 
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Figure 3: Radar Image—1:15 am PHT 
 

At this time, the author’s location (white star) was near—or about to enter—the outer eyewall. 
(Image: PAGASA) 
 

 

 
Figure 4: Radar Image—1:45 am PHT (Hour Before Landfall) 
 

This radar image is from about an hour before landfall. The concentric-eyewall structure is still 
distinct. The author’s location (white star) was in the outer eyewall. (Image: PAGASA) 
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Figure 5: Radar Image—2:15 am PHT (Just Before Landfall) 
 

At this time, the author’s location (white star) was just entering the moat separating the inner 
and outer eyewalls. (Image: PAGASA) 
 

 

 
Figure 6: Radar Image—2:45 am PHT (Just After Landfall, Final Image) 
 

This final radar image, captured minutes after MANGKHUT made landfall. Though degraded due 
to land interaction, the concentric-eyewall structure is still discernible. (Image: PAGASA) 
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Figure 7: Radar Image—2:45 am PHT (CLOSE—LABELED)  
 
A zoomed-in view of the final radar image from 2:45 am PHT, with the typhoon’s core structural 
features labeled. At this time, the author’s location (white star) was squarely in the moat 
separating the inner and outer eyewalls and experiencing a relative lull. (Image: PAGASA) 
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Air Pressure Data 
 
Th author collected quality-controlled air-pressure data with a Kestrel 4500. 
 
The device was deployed in a safe place—on the floor, under a bench, in a store where the author 
sought refuge during the storm (coordinates: 18.25083N 121.81494E). The device remained essentially 
undisturbed during the passage of the cyclone. 
 
The sampling rate was one reading every 30 seconds (2/min). 
 
The pressure trace is below: Barogram (Figure 8). 
 
 

Calibration 
 
Geographer James Hyde checked available local data and estimated the ground elevation at the 
observation location to be 13 ft. 
 
To calibrate the device, the author used a reference altitude of 13 ft, since the device was on the floor, 
essentially at ground level. 
 
 

Minimum Pressure 
 
The minimum pressure was 942.2 mb, measured at 3:45 am PHT.  
 
At this time, the author estimates the exact center was ~11 n mi S of his location and making its closest 
approach, with the N boundary of the eye maybe only ~5 n mi away. 
 
Figure 8 shows the complete data. Figure 9 shows the same data with the passage of the typhoon’s 
concentric eyewalls labeled. 
 
 

Core Gradient 
 
The data show steep air-pressure gradients in MANGKHUT’s inner eyewall—however, they were 
unremarkable compared to what the author has measured in the cores of other very intense (Cat-4/5) 
cyclones.  
 
Methodology 
 
The cyclone’s forward speed was used to calculate how much time it took for each nautical mile of the 
cyclone to pass the author’s fixed location. Gradients were then calculated by noting the change in 
pressure across these 1-n-mi samples of the cyclone: 
 

1. The JMA’s center positions at 18Z (18.0N 122.3E) and 21Z (18.1N 121.5E) are 46 n mi apart.  
2. This distance suggests MANGKHUT was moving at ~7.67 kt at the time it made landfall and 

passed S of the author’s location. 
3. Using this forward speed, it was assumed the author’s fixed location sampled 1 n mi of the 

cyclone every 7 minutes 49 seconds. 
4. Pressure changes over 8-minute periods were multiplied by 0.977836 to calculate the change 

over 7 minutes 49 seconds (the time a 1-n-mi sample of the cyclone would take to pass the 
fixed observation point). 
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Peak Gradients 
 
Applying this methodology, the maximum calculated gradient was 2.8 mb/n mi. 
 
Not surprisingly, this peak gradient was measured in the inner eyewall, at 3:27 am PHT. Figure 9 
shows the pressure fell fastest in the inner eyewall; pressure falls in the moat and outer eyewall 
were more gradual. 
 
While 2.8 mb/mi is a steep gradient, it pales in comparison to the gradients the author has sampled 
inside the cores of other recent severe cyclones: 
 

• Hurricane PATRICIA in Mexico (23 Oct 2015): 10.5 mb/n mi 

• Hurricane MICHAEL in Florida USA (10 Oct 2018): 8.1 mb/n mi 

• Hurricane MARIA in Puerto Rico (20 Sep 2017): 7.1 mb/n mi 

• Hurricane HARVEY in Texas USA (25 Aug 2017): 6.3 mb/n mi 
 
However, it’s likely steeper gradients occurred a few miles to the S, between the author’s location and 
the N edge of the eye. 
 
Limitations 
 
Of course, these calculations are very rough, with limitations to their accuracy. They do not factor in: 
 

• Center’s motion in relation to the observation point. These calculations assume 
MANGKHUT’s center moved directly to and away from the fixed observation point, in a straight 
line, so that the isobars moved perpendicular to the location. As the motion wasn’t this perfectly 
ideal for sampling the cyclone’s gradient, the peak gradients may have been steeper than these 
data indicate. 

• System weakening. MANGKHUT was slowly filling during this time and the central pressure 
was rising. Given the very short sample periods—under 8 minutes—this factor probably isn’t 
significant. However, the peak gradients calculated during the cyclone’s approach (i.e., before 
the minimum pressure at 3:45 am) may be slightly underrepresented. 
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Figure 8: Barogram 

 
Air-pressure data reveal the minimum value of 942.2 mb occurred at 3:45 am PHT, as the 
typhoon’s exact center passed S of Buguey. 
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Figure 9: Barogram—with Concentric Eyewalls Labeled 

 
Same data as Figure 8, now with storm phases notated. The approximate periods of violent 
winds are indicated in light pink (outer eyewall) and dark pink (inner eyewall); the relative lull of 
the moat (between the inner and outer eyewalls) is indicated in blue. 
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Images 
 
Following are images from during and after the passage of Super Typhoon MANGKHUT in N Luzon. 
 

 
 
10. Just a few nights earlier, Buguey Public Market was a concrete bunker protecting fifty 
citizens, their mayor, and the author from the wrath of Super Typhoon MANGKHUT. 
 

 
 
11. This house, across the street from the author’s location, swayed and then collapsed in the 
outer-eyewall winds of MANGKHUT. 
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12. A massive storm surge didn't materialize in Buguey, but violent winds tore this concrete 
gymnasium to the ground and unroofed more than half the houses and buildings in the 
surrounding neighborhood. This is just a couple of miles NNE of the author’s location during 
Super Typhoon MANGKHUT. 
 
 
 

 
 
13. Another view of the concrete gymnasium collapse in Buguey, near where the author rode out 
MANGKHUT. Wind damage in the area was heavy. A drone flight over the neighborhood 
revealed one half or more of the houses and buildings had lost part or all of their roof. 
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14. A destroyed roof in Buguey. This kind of construction—thin metal nailed to wooden 
timbers—is vulnerable and often performs poorly in typhoon winds. 
 
 
 
 
 

 
 
15. Wind damage in downtown Gonzaga was heavy. Super Typhoon MANGKHUT's inner eyewall 
scraped this town and neighboring Santa Teresita and Buguey. 
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16. A gas station in Gonzaga, destroyed by MANGKHUT. Note the jungly hills in the distance are 
scrubbed and brown. 
 
 
 
 
 

 
 
17. A destroyed elementary school in MANGKHUT's impact zone in Cagayan Province. The roof 
seemed to have torn off mostly in one big piece. Emergency managers talk of building back 
better and stronger, each building at a time. 
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18. A gas station in N Cagayan Province, destroyed by MANGKHUT. 
 
 
 
 
 

 
 
19. During the typhoon, winds flattened the little house in the foreground, but the residents 
quickly rebuilt it in the days following with salvaged materials. The family rode out typhoon in 
the cement house in the background. In N Cagayan Province. 
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20. Super Typhoon MANGKHUT devastated crops across Cagayan Province in the Philippines. 
Rain flooded rice fields; winds completely flattened corn fields (like this one). 
 
 
 
 
 

 
 
21. Trees stripped bare by Super Typhoon MANGKHUT. In N Cagayan Province. 
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Questions or Feedback? 
 
Get in touch: 
 
Josh Morgerman 
 
josh.morgerman@symblaze.com 
info@icyclone.com 
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