
Collins and Roache

122  National Weather Digest

humidity, particularly over the MDR, and positive values of 
omega and high vertical wind shear, particularly over the 
Caribbean (Fig. 2). Favorable conditions for development 
were the below normal values of sea level pressure, 
positive relative vorticity, and slightly high precipitable 
water over some of the MDR (Fig. 3).  Incidentally, sea 
surface temperatures (Fig. 4) were near normal and 
hence were not an explanatory factor to the inactive 
season, unlike results of Namias (1969), who found this 
a large explanatory factor for the inactive season of 1968.  
Seasonal mean African dust activity was observed to be 
near normal in 2009 (0.21 units of optical depth compared 
to a mean of 0.23) and thus not a primary forcing factor on 
tropical cyclone activity this season (not shown).

c. North Atlantic MDR environmental conditions

	 Mean values of environmental variables from 
August to October over the MDR are provided in Table 3. 
Assessing 2009, it can be seen that while vertical wind 
shear and precipitable water values are moderately 
favorable, neither result is remarkable or significant when 
compared to the long term record in the MDR.  Regarding 
vertical wind shear, this is to be expected as the El Niño 
induced shear maximum is centered over the Caribbean, 

which is not included in this regional subset.  Sea level 
pressure (1.60 standard deviations below normal) and 
relative vorticity (2.56 standard deviations above normal) 
were both strongly positive for increased tropical cyclone 
activity in the MDR during the peak of the 2009 season and 
rated in the upper quadrant of historical seasons for both of 
these parameters.  This corresponds well to the formation 
of five named storms in the area, cited previously as an 
above normal total.  However, both 500 hPa omega (1.44 
standard deviations above normal) and 500 hPa relative 
humidity (3.12 standard deviations below normal) were 
extremely unfavorable for tropical cyclone activity in the 
MDR.  These mid-tropospheric levels of subsidence and 
dryness were both historically significant. In fact, 2009 
was the driest season ever observed in the MDR at this 
level in the entire NCEP/NCAR reanalysis dataset.  These 
extreme conditions correspond well to the short duration 
and minimal intensity of the storms that managed to form 
in the region in 2009.

d. Comparison to similar past El Niño events

	 Since 1950, four years (1957, 1986, 1991, 1994) have 
exhibited a similar equatorial Pacific SST evolution to 
2009 with the presence of a moderate and intensifying 

Fig. 2. (a.) August – October 500 hPa relative humidity means (contours) and anomalies (shading) in %.  (b.) August – October 
500 hPa omega means (contours) and anomalies (shading) in 10-2 m s-1.  (c.) August – October 850 – 200 hPa vertical wind shear 
means (contours) and anomalies (shading) in m s-1. MDR as in Fig. 1.

Fig. 3. (A) August – October sea level pressure means (contours) and anomalies (shading) in hPa.  (B)  August – October 850 hPa 
vorticity means (contours) and anomalies (shading) in 10-6 s-1.  (C)  August – October precipitable water means (contours) and 
anomalies (shading) in mm. MDR as in Fig. 1.
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Table 3. August – October mean atmospheric parameters in the Main Development Region for 
2009.  Anomalies are calculated from standard deviation departure from the 1971–2000 mean 
conditions in the region.  Ranks indicate the ordinal value of data in the 62 year (1948–2009) 
NCEP/NCAR reanalysis (where 1 is most favorable for tropical cyclone activity and 62 is least).

Parameter Mean Anom Rank
500 hPa Relative Humidity (%) 29.44 -3.12 62

500 hPa Omega (10-2 m s-1) 0.41 1.44 57

850-200 hPa Vertical Wind Shear (m s-1) 9.66 -0.28 41
Sea Level Pressure (hPa) 1013.73 -1.60 14

850 hPa Relative Vorticity (10-6 s-1) 3.91 2.56 8
Precipitable Water (mm) 38.36 0.53 31

Fig. 4. August – October sea surface temperature means (contours) and anomalies 
(shading) in degrees C. MDR as in Fig. 1.

El Niño event over the course of the Atlantic hurricane 
season.  Examining tropical cyclone activity statistics for 
these years (Table 4), it can be seen that the mean storm 
counts, durations and activity totals for these years are 
very similar to those observed in the 2009 season.  These 
seasons, like 2009, also feature depressed activity in both 
storm frequency and intensity.  A composite mean of peak 
season (August – October) vertical wind shear for these 
four years is shown in Fig.5a.  This shear pattern is nearly 
identical to that observed in 2009 (Fig. 2c). The difference 
between 2009 and the El Niño composite for shear is 

shown in Fig. 5b.

e. Teleconnections and relationship between the North 
Atlantic and Eastern North Pacific Western Development 
Region (WDR).

	 The La Niña conditions from early 2009 quickly 
waned and were replaced by a developing El Niño regime.  
Reaching moderate intensity by October, Niño region 

Continued page 125
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Table 4. Tropical cyclone activity data for similar past El Niño events. Number of Named Storms (NS), Named Storm Days (NSD), 
Hurricanes (H), Hurricane Days (HD), Intense Hurricanes (IH), Intense Hurricane Days (IHD), Accumulated Cyclone Energy (ACE) 
and Net Tropical Cyclone activity (NTC).

Year NS NSD H HD IH IHD ACE NTC
1957 8 38.00 3 21.00 2 6.50 83.75 81.49
1986 6 23.50 4 10.50 0 0.00 35.79 36.64

1991 8 22.25 4 8.25 2 1.25 33.97 55.12
1994 7 27.75 3 7.25 0 0.00 31.53 34.88
Mean 7.25 27.81 3.50 11.75 1.00 1.94 46.26 52.03
2009 9 30.00 3 12.00 2 3.50 52.58 65.72

Table 5.  Niño region sea surface temperature anomalies (°C) by month for 2009. The regions extend 
latitudinally from 5° N to 5° S.  Longitudinal extents:  Niño 3:  90° W - 150° W, Niño 3.4:  120° W - 170° W, Niño 4:  
150° W - 160° E.

Jan Feb Mar Apr May Jun
Niño 3.4 -0.97 -0.65 -0.48 -0.18 0.27 0.62
Niño 3 -0.59 -0.51 -0.64 -0.01 0.35 0.74

Niño 4 -0.73 -0.64 -0.30 -0.04 0.33 0.57
Jul Aug Sep Oct Nov Dec

Niño 3.4 0.86 0.82 0.83 1.04 1.67 1.82
Niño 3 0.99 0.98 0.82 0.83 1.28 1.58

Niño 4 0.63 0.76 0.79 1.24 1.52 1.40

Fig. 5. (A) August – October 850 – 200 hPa vertical wind shear means (contours) and anomalies (shading) in m s-1 for the El Niño 
composite (1957, 1986, 1991, and 1994). (B) Difference between 2009 and El Niño composite vertical wind shear (m s-1). MDR 
as in Fig. 1. 
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statistics can be found in Table 5 
with El Niño conditions observed 
in SST’s near the end of the 
hurricane season in Fig. 6.  While 
seasonal activity was found to 
be below normal in the North 
Atlantic, in the Eastern North 
Pacific WDR activity had returned 
to near normal conditions after 
a lull in activity from 2002-
2008.  Despite seasonal totals 
being near normal, there was 
much more monthly variation in 
activity there, compared to the 
Atlantic.  In the WDR, activity 
was concentrated into two 
hyperactive months (August 
and October) with NTC values 
in excess of 200, over twice the 
normal amount of activity during 
those periods.  Relative humidity, 
a feature previously linked to 
ENSO and WDR activity (Collins 
and Mason 2003), spiked in 
both active months well above 
normal values. Fig. 7 shows the 
dipole in August-October mid-
tropospheric relative humidity 
conditions between the two 
basins.  This can be explained 
by the relationship with ENSO found in the Eastern 
North Pacific WDR by Collins and Mason (2003) and 
the relationship in the North Atlantic found by Tang and 
Neelin (2004).  Based on the negative relationship noted 
in the past by authors (Zhao et al. 2009; Collins 2010), 
and confirmed with the 2009 season; the conditions 
in the Eastern North Pacific WDR may help with North 
Atlantic long-range seasonal tropical cyclone forecasting. 
Incidentally, while seasonal vertical wind shear (affected 
by ENSO) has been shown to relate to tropical cyclone 
frequency in the North Atlantic, it has not shown any 
significant relationships with seasonal tropical cyclone 
frequency in the Eastern North Pacific (Collins and Mason 
2003). However, it should be emphasized that this study 
considered seasonal activity and not intraseasonal activity 
where the MJO, operating via the vertical wind shear, is 
strongly related to tropical cyclone frequency (Maloney 
and Hartmann 2000).

4. Conclusions

	 The inactivity of the 2009 North Atlantic hurricane 
season was due to multiple local factors, but primarily 

Fig. 6. October 2009 equatorial Pacific sea surface temperature (°C) anomalies.

Fig. 7. August – October 2009 500 hPa relative humidity (%)  in the Eastern North 
Pacific and the North Atlantic. MDR as in Fig 1., Eastern North Pacific Western 
Development Region (WDR) is denoted.

driven by the El Niño.  The development of a moderate 
El Niño resulted in a large decrease in mid-level relative 
humidity for the whole season.  Despite the presence of 
some favorable conditions in the MDR resulting in above 
normal storm counts in the area, the lifespan and intensity 
of those cyclones were largely limited by the dry mid-
tropospheric conditions.  In particular, the 2009 season 
was observed to behave very closely to a composite of 
past seasons with similar El Niño events in both tropical 
cyclone activity and large scale environmental conditions.
	 The North Atlantic activity was compared to activity 
in the Eastern North Pacific Western Development 
Region and a dipole in some of the forcing factors was 
observed between the two basins.  Opposite values of 
relative humidity in the two basins in particular relate to 
El Niño and accounts for the 2009 Eastern North Pacific 
Western Development Region seeing higher activity than 
was observed there in the last few years.  This negative 
relationship between the two basins has significance 
for North Atlantic tropical cyclone seasonal forecasting 
potential using environmental conditions in the Eastern 
North Pacific Western Development Region as possible 
parameters to be included in a forecasting model.
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