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The Problem

Background

Summary and Future Work

• During Arthur (2014), the Air Mass RGB product and the 

SPoRT ozone products were available to National Center 

forecasters via the Proving Ground to monitor Arthur's 

extratropical transition. 

• The Air Mass RGB provides a wealth of qualitative 

information about the horizontal distribution of synoptic 

features but forecasters are also interested the vertical 

distribution of temperature, moisture, and ozone.

• NOAA Unique CrIS/ATMS Processing System (NUCAPS) 

soundings are available to forecasters in AWIPS-II but 

soundings are typically used to forecast severe convection.

• This project focuses on an additional application for 

NUCAPS soundings and investigates their utility for 

anticipating stratospheric drying in the pre- and post-

extratropical transition (ET) environment.

• The RGB Air Mass product is able to identify temperature 

and moisture characteristics surrounding synoptic features.
Color Band/Band 

Diff.

Physically 

Relates 

to…

Little 

contribution 

indicates…

Large 

contribution 

indicates…

Red 6.7-7.3 Vertical water 

vapor difference

Moist upper 

levels

Dry upper levels

Green 9.7-10.7 Estimate of 

tropopause height 

based on ozone

Low tropopause, 

more ozone, 

polar air mass 

High tropopause, 

less ozone, 

tropical air mass 

Blue 6.7 Water vapor 

~500-200 mb layer 

Dry upper 

levels

Moist upper 

levels

Table 1.  RGB Air Mass product recipe based off EUMETSAT RGB guidelines

Red/Orange Vorticity/Jet Streak, dry air pulled down on 

anticyclonic side of the jet

OliveWarm, mid-upper level dry air

Green/Blue warm (cool), mid-upper level moist air

0600-0700 UTC 5 July 2014 Arthur before Extratropical Transition

• Arthur made landfall just north of Oregon 

Inlet, North Carolina at 0800 UTC 4 July 2014 

as a Category 2 Hurricane.

• During 4 July, Arthur interacted with the 

upstream mid-latitude trough and accelerated 

northeastward.

• The dry upper-level air associated with the 

upper-level trough is colored orange in the 

MODIS Air Mass RGB (Fig. 1).

• The NUCAPS ozone anomaly product (Fig. 2) 

confirms the dry air is of stratospheric origin 

(blue shading).

• CrIS/ATMS is a hyperspectral IR sounder on the polar 

orbiting Suomi polar orbiting spacecraft. The sounder is 

capable of measuring temperature and water vapor with 

height and other gases. Level 2 retrievals are available 

with a vertical resolution of 100 levels.  NUCAPS is the 

operational code to process the CrIS/ATMS retrievals. 

• NUCAPS Ozone anomalies were calculated as a percent 

of normal using NUCAPS total column ozone and a 

satellite derived ozone climatology, stratospheric air has 

ozone values ≥125% of normal and is shaded blue in the 

product.

• GPS dropsonde data are from NOAA’s G-IV high altitude 

jet flying at 41-45,000 ft and were collected during an 

Extratropical Transition mission on 4 July 2014.  The GPS 

dropwinsondes provide thermodynamic information at ~5 

m vertical resolution and were quality controlled.

1800 UTC 4 July 2014 Arthur After Landfall

1700 UTC 5 July 2014 after Extratropical Transition

• Arthur was classified as extratropical by 1200 UTC 5 July.

• The Air Mass RGB (Fig. 14), Ozone Anomaly, and Profiles at 

1700-1800 UTC show stratospheric dry air has enveloped the 

core and eastern quadrant of the cyclone and the surface 

circulation appears to be absorbed by the parent upper-low.

Profiles in blue/green 
region show moist 

upper-levels

1700 UTC 4 July 2014 
NUCAPS temperature and 

dew point profiles

Fig. 3 
Profile 4

Fig. 4 
Profile 15

Profiles in red/orange 
region show dry 

upper-levels

• Dropwinsondes (Fig. 5) near the storm 

edge confirm the mid-level dry air in the 

NUCAPS profiles (Fig. 6). 

• NUCAPS profiles give vertical distribution 

of mid-level dry air in the near storm 

environment.

Fig. 6 
Profile 10

1700 UTC 4 July 
2014 

NUCAPS 
temperature and 
dew point profile.

• NUCAPS ozone anomaly (Fig. 8) and profiles (Fig. 9) 

confirm upper-level dry air in the RGB is stratospheric.

• Profile 18 (Fig. 10) shows mid-level dry air below moist 

upper-levels in the near storm environment.

Fig. 9 
Profile 16

Fig. 10 
Profile 18

Fig. 11 
Profile 17

Fig. 12 
Profile 21

Fig. 15 
Profile 13

Fig. 16 
Profile 14

Fig. 17 
Profile 15

Fig. 18 
Profile 16

• NUCAPS soundings (Fig. 3, 4) confirm upper-level 

thermodynamic characteristics in the Air Mass RGB.

• NUCAPS soundings reveal mid-, low-level. 

characteristics that aren’t detected in the RGB.

• Mid-level dry air found below upper-level moisture 

detected in the RGB, see example profile (Fig. 4).

Fig. 7 SPoRT AQUA MODIS Air Mass RGB image
0633 UTC 5 July 2014

600 UTC 5 July 2014 
NUCAPS temperature and dew point profiles

Fig. 8 SPoRT NUCAPS Ozone Anomaly
700 UTC 5 July 2014 

• At this stage in the ET, the tropical cyclone is 

moving rapidly NNE ahead of the digging 

shortwave.

• Both Profile 16 (Fig. 9) and 18 (Fig. 10) capture 

the slant-wise descent of the stratospheric drying 

at mid-levels associated with the shortwave, yet 

the Air Mass RGB shows less drying near 18.

• Profiles 17 (Fig.11) and 21 (Fig. 12) show the 

dry air has not penetrated the storm yet.

• The cross section (Fig. 13) confirms the 

presence of a tropopause fold near the cyclone. 
Fig. 13 MERRA reanalysis cross section 0600 UTC 5 July 2014 

Relative humidity >80% (shaded green), potential vorticity (blue solid lines), ozone 
(red dashed lines), omega (purple dotted lines), wind (black barbs).

• Profiles 13, 14, and 15 (Figs. 15-17) show dry air higher up in 

the troposphere, with moisture at low-levels.

• Profile 16 (Fig. 18) shows mid-level dry air underneath upper-

level moisture seen in the Air Mass RGB to the east of the 

upper-level low.  This would indicate that the stratospheric 

intrusion continues its slant-wise descent in the eastern 

quadrant (coincident with a dry slot), possibly assisting in 

creating low-level instability, leading to enhanced wind gusts.

• The cross-section (Fig. 19) shows the tropopause fold and an 

increase in NW flow (through entire troposphere after ET) and 

possibly caused by descent of dry air.

• NUCAPS soundings are currently in AWIPS-II and used for anticipating severe convection.

• This project investigated the use of NUCAPS soundings for an additional application, to monitor

the influence of stratospheric dry air during extratropical transition events.

• NUCAPS soundings confirmed the upper-level thermodynamic characteristics seen in the Air

Mass RGB.

• Since the Air Mass RGB, can only detect mid- and upper-level features, the NUCAPS soundings

provided more information about the vertical extent of the dry air.

• Additional storms will be added to this research to develop a foundational understanding of how

NUCAPS soundings and the Air Mass RGB can be used by forecasters to identify and monitor the

features associated with the extratropical transition of tropical cyclones.

• Initial training materials will be made available to forecasters at the National Hurricane Center and

Ocean Prediction Center in the summer of 2016 and a first assessment will be conducted to combine

the Air Mass RGB and NUCAPS to create a more complete synoptic to mesoscale analysis.
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Figure 19. MERRA reanalysis cross section 0600 UTC 5 July 2014 
Relative humidity >80% (shaded green), potential vorticity (blue solid lines), ozone 

(red dashed lines), omega (purple dotted lines), wind (black barbs).

D

4

10

15

1700 UTC 5 July 2014 
NUCAPS temperature and dew point profiles

Fig. 5 NOAA G-IV Dropwinsonde

Fig. 2 SPoRT NUCAPS Ozone Anomaly 
1700 UTC 4 July 2014 

Fig. 1 SPoRT AQUA MODIS Air Mass RGB image
1829 UTC 4 July 2014

Fig. 13 Cross 
Section

Fig. 19 Cross 
Section

Fig. 14. SPoRT AQUA MODIS Air Mass RGB image
1736 UTC 5 July 2014


