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ABSTRACT

The tropical cyclone (TC) named Amos (2016) that impacted the Samoan Islands on 23 April 2016 was a 
particularly difficult storm to forecast.  Both the intensity changes and the track of Amos represent a significant 
challenge for forecasters and this is briefly summarized in this report.  

Model forecasts initially indicated that the cyclone would track south of the Samoan Islands. However, the 
forecasts generally changed to a direct hit over Samoa as a Category 4 storm at approximately 0000 UTC 24 
April based on model cycles initialized at 0000 UTC 23 April.

TC Amos’ central pressure dropped from 983 hPa to 957 hPa between 0000 UTC 21 April and 0000 UTC 23 
April. The models did not pick up on this rapid intensification until the intensification had already begun around 
0000 UTC 21 April.  The models also struggled to capture the rapid weakening of TC Amos due to vertical wind 
shear that began 0000 UTC 24 April as the cyclone continued to move north of the islands.

Because of the initially ominous track forecasts for TC Amos to hit land, preparations for a Category 3 or 
Category 4 cyclone were underway in the Samoan islands and the population prepared for the worst.  After the 
center of the storm moved north of the islands as a weaker storm than anticipated, the residents of the Samoan 
Islands were both surprised and relieved that the cyclone only gave a “glancing blow” to the islands and that the 
impacts were not as bad as originally feared.  An in-depth evaluation of this particular tropical cyclone helps to 
shed some light on model deficiencies and can be used to help determine future model changes.
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1.	I ntroduction
Tropical cyclone forecasting has advanced significantly 

during the past few decades; this is especially true with 
regards to cyclone tracks (Franklin et al., 2003).  Hurri-
cane models today can predict with much better accuracy 
both the track and intensity than they have been able to in 
the past (Alaka et al., 2017).  Despite the advances, there 
are still many challenges with hurricane forecasting today 
and the numerical weather prediction models do not al-
ways forecast the correct track or intensity. Both satellite 
data and conventional observations are used to initialize 
the models in an attempt to represent the current state of 
the atmosphere.  Assuming that the model depicts a near-
perfect representation of the initial state of the atmosphere, 

the model also needs to predict the evolution of the cyclone 
track and intensity based on complex dynamical equations.  
Many factors can influence a tropical cyclone’s intensity 
such as vertical wind shear, proximity to land, sea surface 
temperature changes, and changes in atmospheric water 
vapor content.  Other factors can also influence tracks, 
such as minor intensity or position changes in synoptic 
ridges or troughs; this can be explained by the fact that the 
atmosphere is a fluid in constant motion and that any devia-
tions in the atmospheric steering mechanisms can quickly 
change a cyclone’s projected path.  Even small changes in 
the atmospheric conditions can change the forecasts from 
being a disaster to a mere inconvenience for any particular 
region.

TC Amos (https://en.wikipedia.org/wiki/Cyclone_Amos) 
was a particularly challenging storm to forecast.  It was 
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one of the most interesting and difficult tropical cyclones 
Pacific Region has had to work with in a very long time.  
Models and forecasters predicted that TC Amos’ track 
would remain south of the Samoan islands, but instead of 
a path southeast, TC Amos tracked east and remained just 
north of the islands (Fig. 1).  The intensity of TC Amos was 
also difficult to forecast, and the cyclone was not as strong 
after peak when approaching the Samoan islands as earlier 
feared.  One of the mechanisms that appeared to cause 
TC Amos to suddenly weaken was the vertical wind shear 
between 850 hPa and 200 hPa.  TC Amos was sheared 
off just prior to going over all of the Samoan Islands, and 
unfortunately the models didn’t pick up on this.  The low-
level easterlies combined with the mid-latitude westerlies 
created the vertical wind shear that eventually led to Amos’ 
rapid dissipation.  Vertical wind shear is detrimental to 
tropical cyclones since it essentially tears apart the cyclone, 
destroying the circulation and disrupting any thunderstorm 
organization.  The timing of the potential landfall of the storm 
was also a challenge to forecast correctly, as the forecasts for 
the cyclone's arrival were nearly a full day after it actually 
swung by the islands giving the islands a glancing blow.

2.	O verview
After impacting Fiji with strong winds and heavy rainfall 

as a tropical depression, TC Amos was officially named 
on 20 April 2016 after reaching Category 1 intensity based 
on the Australian Cyclone Intensity Scale.  Between 1200 
UTC 19 April and 1200 UTC 20 April, TC Amos was 
nearly stationary before the primary atmospheric steer-
ing mechanism changed to a near-equatorial ridge of high 
pressure to the north.  The tropical cyclone intensified and 
peaked between 1200 UTC 22 April and 1200 UTC 23 
April to Category 3 intensity, with Joint Typhoon Warning 
Center (JTWC) estimating sustained 1-minute winds of 105 
mph (~47 ms-1) on 22 April 2016 (“Cyclone Amos”).  The 
storm then maintained the same intensity for another 24 
hours as it moved southeast towards the Samoan islands (see 
Fig. 1).  Based on historical records (https://en.wikipedia.
org/wiki/) since 1990, only five severe tropical cyclones 
have impacted the Samoan Islands: those are Ofa (Cat 5), 
2/3-5/90; Val (Cat 5) 12/4/91; Heta (Cat 5) 12/25/03; Olaf 
(Cat 5), 2/16/05 and Wilma (Cat 4) 1/23/11.  TC Amos 
was the strongest tropical cyclone to track near Samoa and 
American Samoa in over three years. Fortunately, the worst 
of the cyclone remained to the north of the small southwest 
Pacific islands.

3.	C yclone track
Two National Centers for Environmental Prediction 

(NCEP) models, the Hurricane-WRF (HWRF) (Tal-
lapragada et al., 2012) and the Global Forecast System 
(GFS) (Yang et al., 2016), had impressively accurate 
track forecasts moving southeast just north of the Samoan 
Islands from one specific cycle, the 1200 UTC 18 April 
cycle (not shown), before TC Amos had even been named. 
However, by the 1200 UTC 19 April cycle, the HWRF and 
GFS forecasts no longer showed any approach towards the 
Samoan Islands; the HWRF model forecasted the storm to 
circle around and meander west of the islands, while the 
GFS forecasted the cyclone to trek south of the islands.  On 
20 April, the day TC Amos was named, the HWRF model 
forecast initialized at 1200 UTC showed a direct hit around 
1200 UTC 22 April, while the GFS and the Geophysical 
Fluid Dynamic Laboratory (GFDL) (Bender et al., 2007) 
track forecasts were far south of the islands. By the 1200 
UTC 21 April cycle, there was more agreement and less 
spread in track forecasts between models, but the tracks 
were incorrect and still to the south of the islands (Fig. 
2a).  The models on 1200 UTC 22 April continued to 
forecast a track south of the islands.  On 23 April 2016, 
forecasters predicted TC Amos to make a direct landfall 
over the island of Samoa as a Category 4 storm in the fol-
lowing 24 hours based on the 1200 UTC 20 April, 1200 
UTC 21 April, and 0000 UTC 23 April (Fig. 2b) cycles of 
the Hurricane-WRF (HWRF) model.  The GFDL model 
was the only model that correctly forecasted the cyclone to 
move north of the islands after the 0000 UTC 23 April run 
(Fig. 2b).  The models continued to show a direct hit over 
American Samoa in the following cycle from 0000 UTC 

Fig. 1.  Timeline TC Amos’ track (top) with intensity depicted by a 
color scheme (warmer colors represent higher intensities) and a map of 
Fiji and the Samoan islands (bottom).    Each dot in the track is spaced 
out by 6-hourly intervals.
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24 April, while the GFDL kept it north of the islands (not 
shown).  It was not until 1200 UTC 24 April when observa-
tions made it clear that the system would continue east and 
not make a direct hit over American Samoa.  It was during 
this cycle (1200 UTC 24 April) when the models correctly 
predicted the system to move eastward just to the north of 
the island of American Samoa (Fig. 2d).  Unfortunately, 
most of the models did not predict the correct track north 
of the Samoan islands until the system was already north of 
the islands.  This implies that something was inaccurate in 
the model, whether it was the initial state or the forecast.

Despite some damage to roads in Savai’i in central Sa-

moa due to flooding and an extensive loss of electricity, the 
Samoan islands were largely spared of the severe condi-
tions that were initially forecasted by the models. TC Amos 
ended up missing the American Samoa capital of Pago 
Pago (Fig. 1), but the cyclone still dumped about 3 inches 
of rainfall on the city.  American Samoa was originally 
under a hurricane warning, but the warning was removed 
once TC Amos weakened.  JTWC forecasted TC Amos 
to miss the Samoan islands to the south about four days 
before TC Amos skirted the islands on the north side (Fig. 
3a).  By 0900 UTC 23 April, the JTWC forecasted track 
had changed to a track just north of the islands before curv-

Fig. 2.  Forecasted tracks of TC Amos from the 1200 UTC 21 April 2016 cycle (a), the 0000 UTC 23 April cycle (b), 
the 1200 UTC 23 April cycle (c), and the 0000 UTC 24 April cycle (d) out to the 5-day forecast (or 120-hour forecast).  The actual 
track of TC Amos was north of the islands and not south of the islands as the models predicted.  The colored markers 
are spaced out by 6-hourly time intervals (Source: http://www.emc.ncep.noaa.gov/gc_wmb/vxt/HWRF/index.php).
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ing southward towards American Samoa (Fig. 3b).  It was 
not until 1200 UTC 24 April when the JTWC forecasters 
forecasted a track that would not make landfall over any of 
the Samoan islands (Fig. 3c).

4.	C yclone intensity
The intensity forecasts by a handful of numerical 

weather prediction models, including the HWRF, U.S. 
Navy COAMPS-TC Model Forecast (COTC) (Hendricks 
et al., 2011), GFDL, and the Navy-Initialized Version of 
the GFDL Hurricane Model (GFDN) are examined.  Before 
TC Amos was officially named on 20 April, the models un-
derestimated its intensification before its close approach to 
the Samoan islands.  TC Amos intensified into a storm with 
central pressure of 957 hPa between 1200 UTC 22 April 
and 1200 UTC 23 April.  As seen in Figure 4b, all of the 
models underestimated the intensity from the 1200 UTC 
19 April cycle for the 72-96 hour forecasts.  The model 
with the best intensity forecast for this particular cycle was 
the GFDN, but even this model underestimated the rapid 
deepening in central pressure.  All models generally began 
forecasting a pressure drop down to 957 hPa starting with 
the 0000 UTC 21 April cycle. By the 1200 UTC 21 April 

cycle, the HWRF and GFDL actually overestimated the in-
tensification and forecasted a drop down to 945 hPa during 
TC Amos’ peak (not shown).

After TC Amos’ peak intensity, the cyclone unexpectedly 
began to rapidly weaken.  The HWRF correctly forecasted 
Amos to weaken shortly after its peak starting with the 
1200 UTC 20 April cycle, but this weakening was due to 
landfall in an erroneous track forecast.   In 0000 UTC 21 
April cycle, the HWRF similarly forecasted TC Amos to 
weaken, but had poor track forecasts predicting TC Amos 
to move south of the islands.

In the 0000 UTC 24 April cycle, the HWRF continued to 
correctly forecast a weakening trend, but incorrectly pre-
dicted landfall over American Samoa. TC Amos was close 
in proximity to an area of very strong vertical wind shear to 
its south around the time it began to weaken around 1200 
UTC on 23 April 2016 while the storm was just north of 
Samoa (Fig. 5). The HWRF was often too weak in its fore-
casts before TC Amos peaked, but then overestimated peak 
intensity (not shown).  After peak, the HWRF was the only 
model to capture the potential for rapid weakening, but the 
forecasts for weakening were initially due to landfall and 
not due to vertical wind shear.

Fig. 3.  Forecasted tracks of TC Amos by the Joint Typhoon Warning Center issued on 0800 UTC 20 April 2016 (a), 
0600 UTC 23 April 2016 (b), and on 0600 UTC 24 April 2016 (c).  (Source: http://www.usno.navy.mil/JTWC/).
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Fig. 4.  Forecasts of storm intensity from the 1200 UTC 19 April 2016 cycle (a) and from the 0000 UTC 21 April 
cycle (b) for Invest 90P (shortly thereafter named TC Amos) out to the 120-hour forecast. The black and red stars 
depict the observed intensities.  The red stars correspond to timing of observed peak intensity (Source: http://www.emc.
ncep.noaa.gov/gc_wmb/vxt/HWRF/index.php).

Fig. 5.  HWRF analyzed vertical wind shear from 850 hPa to 200 hPa valid 1200 UTC 23 April 2016 (Alaka et al 
2017).  The storm began to rapidly weaken by 1200 UTC 23 April.

5.	M odel evaluations
Important metrics for measuring the overall performance 

of numerical weather prediction models regarding tropical 
cyclones include track, intensity, and bias errors.  As seen 
in Figure 6, the models with the lowest track errors are the 

GFS (AVNO) and HWRF between the 36-hour and the 
120-hour forecast.  Also shown in Figure 6 is the bias error 
for the computer forecast models.  Notice in this figure that 
nearly all of the models have negative bias errors, implying 
that their intensity forecasts were too weak.  The HWRF 
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had the largest negative intensity errors in the longer-range 
forecasts beyond the 84-hour forecast, but actually had 
positive intensity errors in the short-range, implying too 
strong of forecasts.  The GFDN had the smallest intensity 
errors for almost all forecast hours.  A list is presented in 
Figure 7 that shows the “best” model based on the author’s 
subjective evaluation for several individual model runs in 

Fig. 6.  Track errors (nautical miles) (a) and bias errors (knots) (b) for specific models [HWRF, COTC, AVNO, and 
Navy Global Environmental Model (NVGM) (Hogan 2014)] based on all cycles between 1800 UTC 15 April and 1200 
UTC 24 April for TC Amos.  Units are nautical miles for track errors and knots for intensity bias errors.  (1 nautical 
mile is approximately 1.85 km) (Source: http://www.emc.ncep.noaa.gov/gc_wmb/vxt/HWRF/index.php).

terms of intensity and track forecasts.  As can be seen, the 
“best” model for every cycle was not always the same.

6.	S ummary and conclusions
The inability of the models to correctly forecast the track 

and intensity for this particular case could have been due to 
a number of reasons, and it is difficult to know exactly what 



Volume 7, No. 3178 Tropical Cyclone Research and Review

the causes were.  There are a lot of things that can impact 
model forecasts, including initial conditions, microphysics 
schemes, planetary boundary layer schemes, convection 
schemes, horizontal resolution, vertical levels, whether the 
model is coupled or non-coupled, and more.  One of the 
most important parts of hurricane development is convec-
tion, and if the model doesn’t correctly depict the convec-
tion, this will influence whether or not the storm will inten-
sify or weaken.  The data assimilation and initialization of 
the state of the atmosphere could have also led to errors due 
to lack of radiosonde, aircraft, and ship observations in the 
western Pacific that help supplement satellite observations.  
For example, aircraft observations in the western Atlantic 
during the Atlantic hurricane seasons have been shown to 
help improve model forecasts of a storm’s path (Langford 
1993).  The complex interaction between Cyclone Amos 
and the ridging to its north along with the upper level west-
erlies to its south and subsequent entrainment of stronger 
winds may have also contributed to this challenging fore-
cast.  It is necessary for the model to correctly forecast the 
intensity of the lower and upper-level winds, the magnitude 
and position of surface highs and lows, in addition to the 
correct size and intensity of the cyclone itself, in order to 
accurately predict a cyclone’s track and intensity evolution.  
Additionally the models need to accurately portray the sea-
surface temperatures and air-sea interactions. The intensity 
of a tropical cyclone itself  also determines how much it 
will be influenced by upper-level winds, namely the stron-
ger the cyclone is, the more it is steered by the upper-level 

Fig. 7.  Models with “best” track and intensity forecasts for indi-
vidual cycles based on subjective evaluation.

winds.
An in-depth evaluation into this particular case demon-

strates the deficiencies of current state-of-the-art models 
in handling this type of event and the need for continued 
modeling efforts and research to provide better numerical 
guidance to forecasters in operational settings.
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