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In order to operate trains with safety against strong winds, railway 
operators set up anemometers along tracks and implement 
operation control such as speed control and operation suspension 
when wind speeds exceed prescribed standard values.  On the 
other hand, gusts have small spatial scales, so it is difficult to 
detect them by anemometers.  The railway accident investigation 
report1) on the December 2005 derailment accident on the Uetsu 
Line stated that serious efforts needed to be made on effective 
countermeasures against gusts by conducing broad-ranging 
research while focusing on advancements in meteorological 
observation technologies, information processing technologies, 
and the like.  In light of that, East Japan Railway Company 
(JR East) developed a method of predicting gusts utilizing 
weather data delivered by the Japan Meteorological Agency 
(JMA) and implementing train operation control (hereinafter, 
the “gust prediction method”).2)  Trials have been conducted on 
this gust prediction method from January 2008 in winter on the 
Sea of Japan side of the JR East operation area.

More than five years have passed since the start of trials for 
the gust prediction method.  In this time, weather information 
delivered by the JMA has become more advanced and the number 
of guest incidents that can be used in analysis and evaluation 
have increased.  In light of that, prospects have materialized for 
increasing gust prediction accuracy and improving usefulness 
in operation, so we worked in this research to improve the gust 
prediction method.  This paper covers an overview of and results 
of the improvements to the gust prediction method.

Overview of and Issues with the Gust 
Prediction Method Before Improvement2

Tornados and other gusts generally form from strong 
cumulonimbus clouds.  The gust prediction method quantitatively 
evaluates cumulonimbus cloud strength from weather data 
to detect cumulonimbus clouds that are assumed to possibly 
cause gusts (hereinafter, “cumulonimbus clouds to watch”) to 

Introduction1
predict formation of gusts.  Fig. 1 shows the flow of issuing 
alerts before improvement.  The flow of issuing alerts is to judge 
preconditions, detect cumulonimbus clouds to watch, set scope 
of alert, and then issue an alert.  

First, weather conditions in which gusts are assumed to easily 
occur are set as preconditions.  One precondition is time span in 
which cold fronts pass identified from weather charts.  The other 
precondition is time span and region where tornado generation 
probability nowcasts3)—information delivered by the JMA 
that indicates the degree of possibility of tornado generation—
with a probability of level 2 are announced.  Either  of the two 
preconditions must be met in order to issue an alert.

Next, detection is conducted for cumulonimbus clouds 
to watch in time spans and regions where preconditions are 
met.  Data of JMA C-band weather radar is used for detection.  
Detection is conducted for cumulonimbus clouds in excess of 
standard values with rain intensity, cloud height, and size of 
region with heavy rainfall as parameters for cumulonimbus cloud 
strength.  

Then, the scope of alert is set for detected cumulonimbus 
clouds to watch.  Scope of alert is fixed as 135º from north to 
southeast in a radius of 38 km with the cumulonimbus cloud to 
watch as the center.  This is determined as the scope that includes 
the movement distance and direction of cumulonimbus clouds 
that caused gusts in investigation of past gust incidents.  

Finally, sections of lines within the scope of alert are checked 
and train operation suspended in those sections. 

The sections where trials are currently being conducted for 
the gust prediction method are the Uetsu Line between Niitsu 
and Ugo-Honjo, Rikuu West Line between Amarume and 
Kiyokawa, Hakushin Line between Niigata and Shibata, Shinetsu 
Line between Nagaoka and Niigata, Echigo Line between 
Kashiwazaki and Niigata, and Yahiko Line between Yahiko and 
Higashi-Sanjo.  Trials are conducted every year in the months 
from November to March. 

The gust prediction method can detect a certain proportion 
of gusts that occur on the Sea of Japan side of the JR East area 
in winter, including gusts that are assumed to be the cause of the 
derailment accident on the Uetsu Line.  With this, it is possible 

Improvement of Method of Train Operation 
Control Against Wind Gusts 
Using Weather Information

•Keywords: Railway, Prediction, Tornado, Cumulonimbus cloud, Weather radar, Nowcast

It is assumed that the cause of the derailment accident that occurred on the Uetsu Line in 2005 was a wind gust.  Because gusts have 
small spatial scales, it is difficult to detect them by anemometers.  Therefore, East Japan Railway Company developed a method of 
train operation control against gusts using weather information to forecast occurrences of gusts.  This method has been tested on train 
operation control for rail routes in the Sea of Japan side of the company’s operation area in winters from January 2008.  In this study, 
we improved the method to raise accuracy of forecast of gusts.  As a result, the improved method decreased total alert time by 73% 
compared with the old method, while maintaining the number of gusts that could be caught equal to that of by the old method.

*Disaster Prevention Research Laboratory, Research and Development Center of JR East Group

Chusei Fujiwara*Yosuke Nagumo* Hiroto Suzuki*



16 JR EAST Technical Review-No.35

Special edition paper

incidents (hereinafter, the “evaluated gust incidents”).  Note that 
F0 to F1 gusts in the database are treated as being F1, so gusts in 
that range were evaluated. 

Fig. 2 shows the flow of issuing alerts after improvement.  
Sections 3.1 to 3.3 below cover improvements to preconditions, 
detection of cumulonimbus clouds to watch, and scope of alert 
respectively. 

3.1 Preconditions
Preconditions for issuing alerts before improvement were 
passage of a cold front or tornado generation probability 
nowcast with a probably of level 2.  As a result of investigating 
evaluated gust incidents from May 27, 2010 when delivery of 
tornado generation probability nowcasts started, we confirmed 
that tornado generation probability nowcasts with a probably 
of 1 or greater were announced for all gusts that meet the 
preconditions before improvement.  We therefore replaced the 
preconditions before improvement with tornado generation 
probability nowcasts with a probability of level 1 or greater for 
after improvement.  This eliminated need for human judgment 
of passage of a cold front, allowing automated application of 
the gust prediction method.  

And in order to reduce misdetection where alerts are issued 
even though gusts do not occur, we studied narrowing down 
weather conditions where gusts easily occur.  Here, we focused 
on thunder, a weather phenomenon with a high relation to 
occurrence of gusts, and studied adding the precondition of 
thunder nowcasts7), information delivered by the JMA that 
expresses the intensity and possibility of thunder.  As a result 
of investigating evaluated gust incidents after May 27, 2010 
when delivery of thunder nowcasts started, we found that there 
was not an increase in gusts overlooked when thunder nowcasts 
with activity of 1 or greater were added as “and” conditions.  We 
therefore made preconditions after improvement to be tornado 
generation probability nowcasts with a probability of level 1 or 
greater and thunder nowcasts with activity of 1 or greater.  

to improve safety of train operation against localized gusts, which 
have been difficult to detect with anemometers.  On the other 
hand, this method is based on knowledge and weather information 
at the time it was developed, so utilizing newer information 
could possibly improve gust prediction accuracy and usefulness 
in operation.  Factors related to improvement of gust prediction 
accuracy include delivery of new weather information, increased 
resolution of weather information, accumulation of trials results, 
and addition of gust incidents for verifying accuracy.  In terms 
usefulness in operation, passage of cold fronts, a precondition for 
issuing alerts, relies on human judgment; however, automation 
of operation would be desirable from perspectives such as 
prevention of human error, standardization of judgment of 
conditions, and simplification of the operation system.  If we 
can replace judgment of passage of cold fronts with new weather 
information, automation of operation will be possible, greatly 
increasing usefulness in operation.  The next chapter covers the 
study on improvement of the gust detection method based on 
the aforementioned items.

Improvements to the Gust Detection 
Method3

The basis of implementing train operation control for natural 
phenomena is to operate in as stable a manner as possible while 
securing the required level of safety.4)  Ordinarily, there is a 
tradeoff between safety and stability in train operation control.  
In improving the gust prediction method, we worked to improve 
stability under the assumption that safety equivalent to that 
before improvement is secured.  Gust incidents to be evaluated 
were extracted from a database on tornados and other gusts5) 
disclosed by the JMA.  In addition to the nine gust incidents 
used for verification at initial development of the gust prediction 
method, we also selected eight gust incidents that were F1 or 
greater on the Fujita scale8) that occurred in the JR East area 
in winter (October to March) 2010 to 2014 for a total of 17 
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Fig. 1  Flow of Issuing Alerts Before Improvement

Fig. 2  Flow of Issuing Alerts After Improvement
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3.2 Detection Conditions for Cumulonimbus Clouds to Watch 
For detection conditions for cumulonimbus clouds to watch 
before improvement, the three conditions of rain intensity, cloud 
height, and size of region with heavy rainfall were used.  Standard 
values were changed for those parameters because intensity of 
rain in weather radar data was made more detailed by changing 
from 14 levels to 251 levels and gust incidents for verification 
were added.  Moreover, cumulonimbus clouds were previously 
detected in approx. 5.5 km2 meshes (least common multiple 
of rain intensity meshes and cloud height meshes), and meshes 
were made more detailed in the improvement to be at the same 
approx. 1 km2 of rain intensity meshes.

We also added as a detection condition that speed of 
cumulonimbus cloud movement be within a certain range.  In the 
process of calculating speed of cumulonimbus cloud movement 
covered in section 3.3, there is the possibility when other clouds 
similar to cumulonimbus clouds to watch are present that 
cumulonimbus clouds to watch are judged to have moved into 
those and abnormally large or small speed is calculated.  In order 
to remove error values that may be generated in this manner, 
we investigated movement of cumulonimbus clouds that caused 
the gust incidents evaluated and set upper and lower limits for 
cumulonimbus cloud movement. 

3.3 Setting Scope of Alert 
Fig. 3 shows an image of how the scope of alert is set.  The scope 
of alert before improvement was fixed at a radius of 38 km 
north to southeast (Fig. 3 (a)).  While distance and direction of 
cumulonimbus cloud movement can be detected with a very high 
degree of certainty with this method, the scope of alert becomes 
larger in the direction of cumulonimbus cloud movement, so 
alerts are issued even in areas to which the cumulonimbus clouds 
will not move.  That prompted us to study a method where 
location to which cumulonimbus clouds will move in the future is 
predicted in real time from past movement and the scope of alert is 
continuously set taking into account prediction error (Fig. 3 (b)).  

Fig. 4 shows an image of deriving past movement of 
cumulonimbus clouds to watch.  The cross correlation method8) 
is used for calculation of vectors, which are used to find past 
movement.  The flow for deriving movement is as follows. 
(1)  Set vector calculation points at four points in an 80 km 

north-south by 50 km east-west area with the cumulonimbus 
clouds to watch as the center (Fig. 4 (1) to (4)).

(2)  Extract precipitation images for 10 minutes before and 
5 minutes before for a 160 km north-south by 100 km east-

west area with each calculation point as the center (area for 
calculation point 1 shown in Fig. 4). 

(3)  Calculate overlap position with greatest correlation of cloud 
shape and rain intensity while moving overlap position of the 
two images little by little.

(4)  Make size and direction of divergence of the two rainfall 
images to be past 5 minute movement vectors V1 to V4 for 
calculation points (1) to (4). 

(5)  Find average vector VAVE for movement vectors V1 to V4 
and make that the past 5 minute movement results for the 
cumulonimbus cloud to watch.  

We further studied how to increase reliability of movement 
prediction.  As a result of investigating movement results of 
cumulonimbus clouds that cause the gust incidents evaluated, 
we confirmed that movement vectors V1 to V4 of the four 
surrounding points were within a certain range in terms of both 
size and direction in relation to VAVE in almost all of the incidents.  
For that reason, we set standard ranges in relation to VAVE for both 
size and direction; and if any of V1 to V4 is outside of the standard 
range, we determine probability of gusts occurring to be low and 
reliability of predicted movement of the cumulonimbus cloud to 
be low and do not set a scope of alert.

Fig. 5 shows how the scope of alert is set after improving.  The 
scope of alert is the total of area of the cumulonimbus cloud to 
watch, predicted alert area, error area (distance), and error area 
(direction) as expressed in the legend for Fig. 5.  The area of the 
cumulonimbus cloud to watch is the area detected as an approx. 
1 km2 mesh as covered in section 3.2.  The predicted alert area 
(D= width of area) is  assumed to be where a cumulonimbus cloud 
moves in the same direction and speed as in past movement results 
and where the cumulonimbus cloud to watch passes when moved 
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Fig. 5  How Scope of Alert is Set After Improving

Fig. 3  Image of How Scope of Alert is Set
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horizontally from its current location to the location predicted 
for 20 minutes in the future (distance L =4VAVE).  The time for 
prediction was set at 20 minutes in order to take into account 
weather information update cycle, delay in information delivery, 
and leeway time from issuing alert to the train coming to a stop.  
Error area (distance) is the area set taking into consideration 
prediction error for distance.  For the size of that area, the ratio 
of actual movement distance and predicted movement distance of 
the cumulonimbus clouds that caused the gust incidents evaluated 
were investigated and size was determined from the standard 
deviation of that ratio σL (A is factor multiplied by σL).  Error area 
(direction) is the area set taking into consideration prediction error 
for direction.  For the size of that area, the difference between 
actual movement direction and predicted movement direction of 
cumulonimbus clouds were investigated and size was determined 
from the standard deviation of that difference σD (B is factor 
multiplied by σD).

Evaluation of Gust Prediction Accuracy4

4.1 Evaluation of Safety
Safety is evaluated by the number of evaluated gust incidents 
that were detected.  Here, we consider detection to be incidents 
were the point where a gust occurred was within the alert area 20 
minutes before the gust occurred.  For the nine incidents before 
May 26, 2010 when tornado generation probability nowcasts 
and thunder nowcasts were not delivered, preconditions cannot 
be verified from past data.  For that reason, we estimated from 
related materials3), 7), 9), 10) the status of nowcast announcement 
when gusts occurred for three of those incidents; and with the 
remaining gusts, we hypothesized that incidents meeting the 
preconditions for before improvement also met the preconditions 
for after improvement.  Table 1 shows that nine of 17 incidents 
were detected both before and after improvement, for a detection 
rate of 53%.  From this, we confirmed that the gust prediction 
method had equivalent safety before and after improvement.

4.2 Evaluation of Stability
Stability is evaluated from alert time.  In the trial term from 
fiscal 2010 to 2013, we compared by simulation total time of 

alerts issued in the trial area.  Fig. 6 shows the results.  Compared 
with before improvement, total time of alerts was reduced by 
73% after improvement, confirming that stability was greatly 
improved. 

Conclusion5

In this study, we improved the gust prediction method for which 
trials were held in the Sea of Japan side of the JR East area in 
winter and worked to increase gust prediction accuracy and 
improve usefulness.
(1)  We improved the preconditions for issuing alerts and 

switched manual judgment of passage of cold fronts to 
tornado generation probability nowcasts with a probability 
of level 1 or greater.  As a result, utilization of the method was 
automated and prevention of human error, standardization of 
judgment of conditions, and simplification of the operation 
system were made possible.

(2)  By reconsidering conditions in the flow of issuing alerts, 
we worked to improve stability while maintaining safety 
equivalent to that of before improvement.  As a result, total 
time of alerts was reduced by 73% in the current trials area 
compared with before improvement.
The improved gust prediction method was introduced on a 

trial basis in the trials area in November 2015.
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Table 1  Gusts Detected Before and After Improvement 
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