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Skill of Tropical Cyclogenesis
Prediction by Global Models: 2004-2014

From Halperin et al 2016

False alarm ratio = 1 – success ratio

NOAA/NCEP Global Forecast 
System (GFS) Model:
Probability of detection = 0.20
False alarm = 0.55

ECMWF and UKMO have 
similar probability of detection, 
but has less false alarm.

CMC: Canadian Meteorological 
Center

GFS: NOAA/NCEP Global Forecast 
System

UKMET: U.K. Meteorological Office

ECMWF: European Center for 
Medium Range Forecast

North Atlantic Cyclones



Skill of Tropical Cyclogenesis
Prediction by Global Models: 2004-2014

From Halperin et al 2016

False alarm = 1 – success ratio

NOAA/NCEP Global Forecast 
System (GFS) Model:
Probability of detection = 0.20
False alarm = 0.55

ECMWF and UKMO have 
similar probability of detection, 
but has less false alarm.

NCEP GFS v16 (2018-20):
Probability of detection = 0.25
False alarm = 0.4

Issues:
• Lack of observations
• Data assimilation
• Physical parameterizations

GFS v16
2018-2020

North Atlantic Cyclones



Typhoon Nuri (2008)
• Formed at 1800 UTC 16 August 

2008 over Western Pacific Ocean.
• Most of the global operational 

models failed to predict the 
formation of this tropical storm.

• Perform 3-Day data assimilation 
with and without the use of GPS 
RO data, starting at 1800 UTC 11 
to 1800 UTC 14 August 2008.

• We then compare the forecasts 
with and without the use of radio 
occultation observations from the 
COSMIC mission.



WRF Model Forecast After 3-day of Data Assimilation
Starting at 1800 UTC 14 August 2008

No GPS RO Data With GPS RO Data

Integrated Cloud Hydrometeors



Time-Height section of differences in water vapor (contour) and 
vertical motion (color) between experiments with and without 
GPS RO assimilation

DA begins 
at t = -72h DA ends at 

t = 0h

Averaged over 
a 6o x 6o box 
following the 
500 mb
vorticity center

Units:
Vertical motion: 
m/s
Water Vapor: 
Kg/kg

Day 1 Day 2 Day 3



• Day 1: Not much difference
• Day 2: GPS RO assimilation substantially increased low-

level moisture, steadily increasing convective instability
• Day 3: Outbreak of convection produced

– Large-scale upward motion
– Mid-level potential vorticity (enhanced by latent heating)
– A robust mid-level vorticity center with high humidity 

• Day 4 and beyond: The mid-level vorticity center 
confined the area of convection, interacted with 
convection and boundary layer processes to produce 
surface cyclogenesis

How did GPS RO data impact the 
genesis of Typhoon Nuri (2008)?



Summary of Sensitivity Experiments
• Without GPS RO assimilation

– Lower troposphere was too dry
– No convection, no strong mid-level vorticity center with high 

humidity
– No genesis

• With GPS RO assimilation, but no latent heating
– Low-level moisture was increased
– No large-scale ascent, no mid-level vorticity generation
– No genesis

• With 16 GPS RO soundings near storm removed
– Results similar to no GPS RO assimilation
– No genesis

• With local observation operator
– Less moisture in the lower tropical troposphere
– Genesis delayed by 30 hour



TYPHOON AMOUNTS OF
GNSS RO JTWC TD GENESIS GTS LOC EPH

2008_KALMAEGI 500 2008/07/14 0000UTC -48h -42h -42h

2008_FUNGWONG 606 2008/07/24 0600UTC -36h -36h -42h

2008_NURI 730 2008/08/16 1800UTC x 30h 0h

2008_SINLAKU 474 2008/09/08 0000UTC x x 6h

2008_HAGUPIT 696 2008/09/18 1800UTC 24h 0h -12h

2008_JANGMI 654 2008/09/23 1200UTC 6h 6h -12h

2009_MORAKOT 661 2009/08/03 1800UTC -48h -24h -6h

2009_PARMA 624 2009/09/27 1200UTC -6h 6h -12h

2010_FANAPI 443 2010/09/14 1200UTC x x 36h

2010_MEGI 393 2010/10/12 1800UTC 36h 60h 24h

PROBABILITY OF DETECTION 30% 40% 70%

x: No genesis
- : Early formation
+: Late formation

Hit is counted when model 
produced genesis within 
±24h of the observation.

Statistics for 10 Typhoons over the 
NW Pacific, 2008 - 2010



Tropical Cyclone Environment Types
• Teng et al 2020 examined 531 tropical cyclone (TC) cases from 1981-2009, 

classifying them into 8 different cluster types
• Two dominant synoptic-scale environments: Easterly TC (ETC: type 4, 7), 

Monsoon TC (MTC: type 2, 5, and 6) 
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Monsoon Easterly

(Teng et al. 2019)



Composite Tropical Cyclone Structure
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Easterly-type TC Monsoon-type TC

• Streamline: 850 hPa wind • Shading: 700 hPa RH

At time of formation

13 cases 22 cases



Probability of Detection
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Type Percentage Detection rate 
No RO

Detection rate 
With RO

4. Easterly 
southwest of subtropical 

high
20.0 0.0* 57.1*

7. Easterly 
west of subtropical high 17.1 16.7* 66.7*

5. Monsoon trough 22.9 87.5 87.5
6. North of trough 22.9 37.5 62.5

2. Monsoon confluence 17.1 33.3 66.7
Easterly-type (4,7) 37.1 7.7* 61.5*

Monsoon-type (2,5,6) 62.9 54.5 72.7
Total 100 37.1* 68.6*

• Asterisk: Significance



Summary

• The impact of GPS RO on the prediction of 22 tropical cyclones (TCs) that form in 
monsoon environments and 13 TCs that form in easterly environments over the 
period 2006-2010 are assessed and compared.

• Because of higher environmental moisture, the probability of detection for 
tropical cyclone formation is higher for monsoon TCs than easterly TCs, when 
GPS radio occultation data are not assimilated.

• The assimilation of GPS RO data increases the probability of TC formation 
detection from 7.7% to 61.5% for easterly TC, and from 54.5% to 72.7% for 
monsoon TCs.
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Impact of RO on Tropical Cyclogenesis
9 developing storms 23 non-developing storms

Backgrounds are anomalies of September – October 2019 
minus 40-year climatology (1979 – 2019).

850 hPa relative vorticity anomaly 850 hPa relative humidity anomaly



Typhoon Neoguri Oct 2019
Radio Occultation Data used in 72-h assimilation 

COSMIC-2: 80% All Others: 20%



Observation Total Hit rate
False 
alarm 
ratio

Developing Non-developing

No RO
Forecast

Detected
4

(hits)
11

(false alarms)
15

0.44 0.73
Non-detected

5
(misses)

12
(correct negatives)

17

With RO
Forecast

Detected
7

(hits)
8

(false alarms)
15

0.78 0.53
Non-detected

2
(misses)

15
(correct negatives)

17

Total 9 23 32 0.34 0.20

Assimilation of COSMIC-2 RO increases the probability of detection by 
34% and reduces false alarm by 20%

COSMIC-2 RO Data Impact Study



Forecast Skill Improvements

Model improvement in 
10 years

Probability of detection:  0.05

Reduction of False Alarm: 0.15

COSMIC-2 assimilation

Probability of detection:  0.34

Reduction of False Alarm: 0.20 



Summary
• Typhoon Nuri (2008): RO assimilation recovers moisture 

from low to mid levels, supports convective 
development, critical for tropical cyclogenesis

• Experiment on 10 cases over Western Pacific shows 
that the use of nonlocal operator is important:
• Nonlocal Operator: POD increases from 0.3 to 0.7
• Local Operator: POD increases from 0.3 to 0.4

• Evaluation of 35 tropical cyclogenesis shows that the 
impact of RO assimilation is sensitive to large-scale 
environment:
• Easterly TC: POD increases from 0.08 to 0.62
• Monsoon TC: POD increase from 0.55 to 0.73
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Summary
• Assimilation of COSMIC-2 RO on 9 developing and 23 

non-developing events in September-October 2019 
over Western North Pacific shows that COSMIC-2 
increases probability of detection by 0.34 and reduces 
false alarm by 0.20.
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