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Abstract— The accurate and timely identification of 

cyclogenesis has been one of the major issues in cyclone 

prediction. Due to the lack of in situ observations, model 

simulations, which are generally different from real conditions, 

are used to address this challenging problem.   Since model 

derived parameters perform   poorly in predicting cyclogenesis, we 

developed a neural network approach to identify cyclogenesis 

using the data obtained from Global Positioning System Radio 

Occultation (GPSRO) technique. For this purpose, we used 

1-dimensional variational analysis temperature and pressure 

profiles and atmospheric stability and moisture indices, derived 

from this temperature and pressure profiles using GPSRO 

Constellation Observing System for Meteorology Ionosphere and 

Climate (COSMIC) mission over North Indian Ocean as 

predictors for cyclogenesis. Out of the 8686 COSMIC tangent 

points, during May 2006 - December 2010, 118 profiles are 

selected after applying thresholds to different parameters at 

different levels. Using these 118 profiles, a neural network model 

is developed to predict the cyclogenesis and non-cyclogenesis 

locations. Out of the 118 cases, the model could accurately predict 

112 non-cyclogenesis   and 5 cyclogenesis points. Though the 

model failed to predict one cyclogenesis case, there are   no false 

alarms.     

 
Index Terms—Artificial Neural Network, Atmospheric 

stability, Cyclogenesis prediction, One-dimensional variational 

analysis, Radio occultation observations. 

I. INTRODUCTION 

Cyclones have a life cycle of genesis to dissipation.  

Besides sudden intensity changes of the tropical cyclones, 

identification of cyclogenesis locations has been a difficult 

problem. So far, tropical cyclogenesis predictions are 

obtained from numerical model simulations using low 

resolution atmospheric [1], [2], [3] and atmosphere ocean 

coupled models [4], [5]. Since  model simulations could be 

significantly different from the actual observations,  

forecasting skills using output from the models for 

cyclogenesis predictions are usually poor [6].  

 

Earlier studies suggested different precursor factors for 

cyclogensis formation:  Palmen et al. [7] show that sea surface 

temperature (SST) of above 26°C is necessary for tropical 

cyclone formation. In a study of western Pacific typhoons, 

Riehl et al. [8] concluded that storm formation can be 

inhibited by the vertical shear of the horizontal wind. Gray [9] 

defines a tropical cyclone genesis condition as the product of 

thermodynamic and dynamical terms where, SST and middle 

level moisture affects are included as the thermodynamic 

terms and vertical shear and low level vorticity affects as the 

dynamical terms. Climatologically values of this product are 

well correlated with the global tropical cyclone formation 

regions [10]. Finally, Gray [9], [11] considered six potential 

precursor environmental conditions favorable for 

cyclogenesis. 

 

Hennon et al. [12] suggested using in-situ observations for 

cyclogenesis prediction. Till the recent years this suggestion   

could not be implemented due to the limitations of the in situ 

radiosonde observations, particularly, over the oceans. 

However,  Global Positioning System (GPS) Radio 

Occultation (RO), henceforth GPSRO,  technique has been 

providing accurate and high resolution vertical profiles of 

temperature, humidity and pressure over a larger spatial and 

temporal scales [13], [14].   Presently operating GPSRO 

Constellation Observing System for Meteorology Ionosphere 

and Climate (COSMIC) mission (operating since May 2006) 

can track 90% of all rising and setting occultation soundings 

to within one kilometer of the earth‟s surface.  The accuracies 

of COSMIC observations are similar to those of radiosonde 

with global mean temperature bias of -0.09K and a standard 

deviation (SD) of 1.72K [15] with the added advantage of 

availability over the oceans, where cylogenesis generally 

occurs.  This mission provided a good amount of 

1-dimensional variational (1-DVAR) temperature and 

pressure profiles from which a few precursor parameters 

required for cyclogenesis prediction could be estimated. 

Studies show that cyclone track and intensity forecasts have 

improved by incorporating GPSRO data into the model [16], 

[17]. However, these data have not been used so far for the 

prediction of cyclone formation. Thus for the first time we 

propose a methodology to predict cyclogenesis over the North 

Indian Ocean using COSMIC  observations.  

II. DATA 

 We used 1-DVAR temperature and pressure profiles from 

GPSRO COSMIC mission (http://cosmic-io.cosmic.ucar.edu) 

in the North Indian Ocean (5°N-25°N, 60°E-100°E) from 

May 2006 to December 2010 (Figure 1). The cyclogonesis 

locations are taken from best track data of Joint Typhoon 

Warning Center (JTWC) 

(http://www.usno.navy.mil/NOOC/nmfc-ph/RSS/jtwc/best 

tracks/ioindex.html). 
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Fig 1. Tangent point locations of COSMIC observations during 

May 2006 to Dec 2010 

III. APPROACH 

Average refractive index (RI), relative humidity (RH) and 

total perceptible water (TPW) respectively represent the 

atmospheric instability, likelihood of precipitation and the 

total latent heat available in the atmospheric column [18]. 

Hence, these parameters are calculated using 1-DVAR 

temperature and pressure profiles. RI and TPW are calculated 

at five levels (from available lowest surface - 800 hap, 

800-600 hPa, 600-400 hPa, 400-200 hPa and 200-100 hPa). 

Since cyclogenesis process is affected by the vertical 

thermodynamic condition of the troposphere, we also 

calculated the temperature and RH at 9 levels (850, 700, 500, 

400, 300, 250, 200, 150 and 100 hPa). Thus, in total 28 

observations (RI and TPW at 5 levels and RH and 

temperature at 9 levels) are calculated at all the 8686 

COSMIC locations available during May 2006- December 

2010.  

Since all the values of 28 observations need not be conducive 

for cyclogenesis, applied thresholds to these values.  For this 

purpose, we first collocated the cyclogenesis locations with 

the COSMIC observations falling within 1° spatial and 24 

hour temporal domines before the formation of cyclone. 

During the study period 21 cyclones and 12 tropical  

depressions (TD) occurred, out of  which  4 cyclones 

(Bijli-2009, Nargis-2008, Rashmi-2008 and Khai-Muk-2008)  

and 2 TDs  (August-2008 and December-2008) locations 

coincided  with the COSMIC  observations satisfying the 

above criteria. The dates and locations of cyclogenesis and 

occultation‟s are given in Table-1. The thresholds applied for 

various parameters are shown in Figure 2. The y-axis 

represents the threshold for each of the predictor (say, T100, 

RI400-200, RH200, TPW800-600). T, RI, RH and TPW are 

for temperature, refractive index, relative humidity and total 

precipitable water respectively.   The numbers with these 

abbreviations correspond to the pressure level of each 

parameter. 

Table 1: List of collocated cyclogenesis locations with 

COSMIC occultations 
S. 

No 

Cyclone 

name 

Actual 

cyclogenesis 

date 

Actual 

cyclogenesis 

location 

Occultation 

date 

Occultation 

location  

1 Bijli 

 

14April

2009 

12.6°N 

87.7° E 

13April

2009 

12.2°N 

86.2°E 

2 Nargis 27April

2008 

10.5°N 

90.3°E 

25April

2008 

10.8°N 

89.9°E 

3 TD 9 Aug 

2008 

20°N 83°E 8 Aug 

2008 

20.1°N 

84°E 

4 Rashm

i 

24Oct 

2008 

16°N 85°E 23Oct 

2008 

16.7°N 

86°E 

5 Khai 

muk 

13Nov 

2008 

10.5°N 

85°E 

11Nov 

2008 

9.1°N 

84.6°E 

6 TD 4Dec 
2008 

5.9°N 

91.3°E 
3 Dec 
2008 

5.9°N 

91.1°E 

From these six collocations, the minimum values   of each of 

the 28 computed parameters are considered as thresholds 

(Figure 2).  
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Fig.2 Thresholds applied to 28 predictors. The numbers with 

the abbreviations correspond to the pressure level of each 

parameter. 

Then, these thresholds are applied to all the 8686 profiles. 

After applying thresholds, only 118 locations remained with   

112 non-cyclogenesis and 6 cyclogenesis cases. All these 

locations are categorized as „Y‟ where cyclogenesis occurred 

and as „N‟ where cyclogenesis did not occur. Then we 

developed an Artificial Neural Network (ANN) model to 

identify cyclogenesis and non-cyclogenesis locations with 28 

observations as predictors   and the categorical output (Y/N) 

as the  predictant. Out of the 118 locations ANN randomly 

used 84 locations to train the model 17 for testing and 17 

locations for validation. 3 cyclogenesis locations are in 

training data set,1  in selection and 2 are in validation set. A 

summary of the ANN approach is given in Sharma and Ali 

[19].  In short an ANN is the information processing paradigm 

that is inspired by the way biological nervous system, such as 

the brain, processes information.  Performing an ANN 

analysis requires three sets of data under the categories 

training, verification (testing) and prediction (validation). The 

data set marked for training is used to train the neural 
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network. Verification cases are used to check the model 

during training so that the model does not over-fit.  Validation 

dataset is used to compare the model estimated values with 

the actual indepent data. 

The ANN model correctly identified 117 locations out of 

the 118 locations. It failed in only one case where it could not 

identify one cyclogenesis (out of six) of training data set. 117 

correct predictions out of 118 tries has an accuracy of 

99.15%, with a 95% confidence interval of 95.37 to 99.98%. 

We have carried out a sensitivity test to see which parameters 

are more important in predicting cyclogenesis. The top 10 

parameters which are more important are shown in Figure 3.  

Out of the 28 parameters, RH at 100 hPa is the most important 

parameter followed by that at 400 hPa, RI between 200-100 

hPa and temperature at 700 hPa. From this figure it may be 

concluded that relative humidity and atmospheric stability at 

the upper levels and temperature at the lower layers are most 

important factors in the formation of cyclogenesis. 
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Fig 3: Top ten parameters which are important in predicting the 

cyclogenesis. 

IV. CONCLUSION 

 We conclude that the observations of atmospheric 

parameters obtained from COSMIC 1-DVAR technique can 

play an important role in cyclogenesis identification. The 

vertical profiles of atmospheric stability, moisture indices and 

temperature can provide more actual status of atmosphere 

during cyclogenesis. The present approach is successful in 

identifying     117 cases out of 118.  Though it could not 

identify one genesis case, there is no false alarm in this 

analysis i.e.  Cyclogenesis is not predicted at non cyclogenesis 

location. Sensitivity analysis reveals that relative humidity at 

upper levels and temperature at the lower levels are important 

for cyclogenesis. Since the present occultations are not 

sufficient to co-locate the cyclogenesis of all 33 cases 

occurred during the study period, we recommend more RO 

sensors in future satellite missions for precise and timely 

prediction of cyclogenesis. Though the present study suggests 

a method to predict cyclogenesis in North Indian Ocean, the 

same procedure can be applied to other ocean basins to 

develop region specific algorithms.  
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