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THE IMPACT OF THE SAHARAN
AIR LAYER ON ATLANTIC
TROPICAL CYCLONE ACTIVITY

BY JASON P. DUNION AND CHRISTOPHER S. VELDEN

The Saharan Air Layer may be yet another piece of the puzzle in advancing our

understanding of tropical cyclone intensity change in the North Atlantic and Caribbean.

Saharan air and mineral dust, has been investi-

gated for several decades, but its link to Atlantic
tropical cyclone (TC) activity has never been fully ex-
amined. This work discusses recently developed Geo-
stationary Operational Environmental Satellite
(GOES) split-window satellite imagery that permits
continuous tracking of the SAL across the North At-
lantic, Caribbean, and Gulf of Mexico. This new type
of satellite imagery reveals that the SAL may play a
major role in suppressing TC activity in the North
Atlantic. This paper presents documentation of these
suppressing characteristics for a number of specific
TC-SAL interactions that have occurred during sev-
eral recent Atlantic hurricane seasons.

T he Saharan air layer (SAL), an elevated layer of
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The SAL occurs during the late spring through
early fall over extensive portions of the North Atlan-
tic Ocean between the Sahara Desert, the West Indies
(Prospero and Carlson 1972), and the United States
(as documented by recent GOES satellite imagery).
Carlson and Prospero (1972) proposed that a dry,
well-mixed layer often extends to ~500 hPa over Af-
rica during the summer months. As this air mass ad-
vances westward from the North African coast, often
in association with African easterly waves (AEWSs;
Burpee 1972), it is undercut by cool, moist low-level
marine air and becomes the SAL. Just offshore, the
SAL’s base is at ~900-1800 m and the top is usually
below 5500 m (Diaz et al. 1976). Near its southern
boundary, the SAL is also associated with the midlevel
African easterly jet centered near 700 hPa, which can
greatly increase the low-level vertical wind shear. The
SAL appears to retain its Saharan characteristics of
warm, stable air near its base, and dryness and dusti-
ness throughout its depth as it is carried as far as the
western Caribbean Sea (~7000 km from the northwest
African coast). Previous work has suggested that the
SAL is typically confined to an east-west wavelength
of 2000-3000 km (Karyampudi and Carlson 1988).
However, the SAL-tracking GOES imagery indicates
that the SAL’s wavelength can extend to 4000-
5000 km and cover an area of the Atlantic slightly
larger than the 48 contiguous United States.
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Geostationary satellites reveal that the SAL often
enhances convection along its western and southern
boundaries (Chen 1985), but in its interior, the com-
bination of embedded dry, stable air and strong east-
erly wind shear inhibits the occurrence of the deep
convection that is essential for TC formation. During
an average summer, about six named TCs form in the
main development region (Goldenberg and Shapiro
1996) of the tropical Atlantic between 10° and 20°N,
near the SAL’s southern boundary. The GOES SAL-
tracking imagery indicates that when both TCs and
AEWs [the precursors for ~65% of Atlantic named TCs
(Pasch et al. 1998)] are engulfed by the SAL, much of
their deep convection dissipates. Consequently, these
tropical circulations can lose a major portion of their
strength while still over the warm tropical Atlantic.

A METHOD FOR TRACKING THE SAL
WITH GOES SATELLITE IMAGERY. The SAL
is not readily detectable with the individual visible and
infrared (IR) channels on the GOES imager. Although
visible satellite imagery can detect the SAL’s sus-
pended mineral dust in the eastern North Atlantic, the
dust becomes more diffuse and difficult to monitor
as the air in the SAL moves westward. Because of the
SAL’s limited vertical extent (~500-850 hPa), the dry
air it contains can be difficult to detect with traditional
water vapor imagery available from the 6.5- and
6.7-um channels on the GOES satellites. These chan-
nels respond most sensitively to radiation emitted at
approximately 400 hPa (Velden et al. 1998). There-
fore, dry SAL air below ~500 hPa may be undetect-
able when the air above the SAL is relatively moist.
Although the individual spectral channels on the
GOES satellites were not designed to track the SAL,
recent tests have shown that the position of the SAL’s
dust and lower-tropospheric dry air can be tracked
most reliably with the split-window IR channels (10.7
and 12 um) on the GOES-8 imager (Prata 1989).
These IR channels are unlike the water vapor chan-
nels because they have weighting functions in the
lower troposphere. The SAL signal they detect is not
affected by variations in upper-level moisture (in
cloud-free areas).

The mineral dust and dry lower-tropospheric air
in the SAL reduce the brightness temperature differ-
ences that typically exist between the 10.7- and 12-um
channels on GOES-8. These changes in brightness
temperature differences allow the SAL to be tracked
over time and space. Under typical cloud-free atmo-
spheric conditions, the 10.7-um IR emissions origi-
nate closer to the earth’s surface than do those in the
12-um IR channel, which is more sensitive to absorp-
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tion by low-level water vapor. Because the 10.7-um
channel more effectively senses the near-surface at-
mosphere, its signal is usually warmer than the 12-ym
channel. However, the SAL environment affects the
12-um signal in two ways. First, the exceptionally dry
air in the SAL results in a decrease in the amount of
IR absorption by low-level moisture, thus, increasing
the brightness temperatures in the 12-um channel.
This acts to reduce the brightness temperature differ-
ence between the 10.7- and 12-um channels. Second,
suspended mineral dust in the SAL absorbs some of
the incident solar radiation it receives and reradiates
it as longwave IR radiation. Dust emits this radiation
more effectively at 12 ym than at 10.7 um. Therefore,
the dust further reduces the brightness temperature
difference between the 10.7- and 12-um channels and,
in extreme dust events, can even reverse the sign of
the difference. Image enhancements were developed
to take advantage of these temperature anomalies
measured by the GOES IR channels to track the SAL.
Typical brightness temperature (BT) differences be-
tween the 12- and 10.7-um channels (BT , — BT )
in the non-SAL tropical Atlantic range from +5° to
10°C. Brightness temperature differences between —
4° and +4°C are enhanced to track the SAL in the
GOES-8 imagery. The ability of this satellite imagery
to detect the SAL air mass was verified using mois-
ture information from Global Positioning System
(GPS) dropwindsondes (GPS sondes; Hock and
Franklin 1999) and is discussed in the section titled
“dry air intrusion into the TC circulation.”

In early 2003, GOES-8 was replaced by GOES-12.
This new satellite does not have a 12-um channel.
Therefore, a similar SAL-tracking algorithm was de-
veloped for GOES-12 that substitutes the 10.7- and
12-um channels with 3.9- and 10.7-um channels, re-
spectively. The brightness temperature differences be-
tween the 10.7- and 3.9-um channels (BT, , — BT,,)
in the non-SAL tropical Atlantic typically range from
+6°to 10°C. The GOES-12 algorithm applies the same
principles previously discussed for the GOES-8 tech-
nique to track the dry, dusty air in the SAL. This
slightly modified algorithm enhances brightness tem-
perature differences (BT, , — BT, ) between —13° and
+5°C to identify the SAL, and was calibrated using the
original methods and imagery developed with GOES-
8. However, because of solar contamination inherent
with the 3.9-um channel, this new algorithm is only
useful for tracking the SAL during nighttime hours.

CHARACTERISTICS OF THE SAL AFFECT-
ING TC FORMATION. Enhanced low-level tem-
perature inversion. The temperature at the base of the



SAL (~800-900 hPa) is often 5°-~10°C warmer than
the Jordan (1958) mean tropical sounding (Diaz et al.
1976). While the warmth of the air above the SAL’s
base results from its origin over the Sahara, it is main-
tained by the absorption of solar radiation by the sus-
pended mineral dust. This daytime heating can exceed
the overall longwave cooling in the layer, thereby
warming the SAL and reenforcing the temperature
inversion at its base (Carlson and Benjamin 1980).

Climatologically, the base of the trade wind inver-
sion is less than 500 m off the northwest African coast
and rises westward and equatorward to above 2000 m
(Hastenrath 1991). In the central tropical North At-
lantic, temperature increases through the inversion
are generally 1°-2°C. The level at which the SAL min-
eral dust warms the lower troposphere is approxi-
mately coincident with this inversion. Although the
dust’s effect on microphysical processes is not fully
understood, the warming it induces enhances the
trade wind inversion, which can limit vertical motions
through the SAL (Carlson and Prospero 1972). This
stronger inversion may inhibit the development of
convection in weak AEWs, as well as allow the SAL
to sustain its thermodynamic properties for thousands
of kilometers across the Atlantic basin.

Dry air intrusion into the TC circulation. Though it can
promote convection along its western and southern
boundary (Chen 1985), the dry SAL air can act to
suppress convection by enhancing evaporatively
driven downdrafts (Emanuel 1989; Powell 1990). We
hypothesize that AEWs simply propagate into the
SAL, while the low- to-midlevel inflow of TCs advect
the SAL’s low humidity into the TC circulation. This
dry air is also associated with reduced vales of con-
vective available potential energy (CAPE), a measure
of the stability of the atmosphere. Smaller values of
CAPE imply greater atmospheric stability and, there-
fore, reduced convective activity.

Because of the SAL’s limited vertical extent, its dry
air can be difficult to quantify using the moisture
channels on the GOES and Meteosat second-genera-
tion (MSG) satellites. The most effective way to study
the SAL’s low humidity is by first identifying it with
the GOES SAL-tracking imagery and then directing
aircraft to make in situ measurements of its thermo-
dynamic structure. The National Oceanic and Atmo-
spheric Administration (NOAA) G-IV hurricane sur-
veillance aircraft dispensing GPS sondes (Aberson
and Franklin 1999) is an ideal platform to gather com-
plete kinematic and thermodynamic vertical profiles
of the SAL and to provide insight into the processes
by which the SAL air affects tropical disturbances.
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SAL and non-SAL air masses were inadvertently
sampled by GPS sondes during operational G-IV
missions around Hurricanes Danielle and Georges of
1998 and Hurricanes Debby and Joyce of 2000.
Composite vertical profiles of the relative humidity
and mixing ratio were generated using the GOES
SAL-tracking imagery to examine these air masses in
detail. Only GPS sondes that were clearly in SAL or
non-SAL tropical air, as indicated by the GOES SAL-
tracking imagery (see, e.g., Fig. 1), were used in the
composites (10-hPa vertical bins). Figure 2 shows the
composite SAL and non-SAL soundings from these
four TCs compared with the climatological mean Jor-
dan vertical profiles (Jordan 1958) of the relative hu-
midity and mixing ratio for the region of the West
Indies from July to October. The Jordan sounding has
lower relative humidities (~10%) and mixing ratios
(~1.5 g kg™) in the 600-850-hPa layer than the non-
SAL composite vertical profile computed from 24
soundings. By contrast, the composite SAL profile (29
soundings) is significantly (99% level determined
from a Student’s ¢ test) different from both the Jor-
dan mean sounding and the non-SAL composite. In
the SAL, relative humidities are 25%-45% lower, and
mixing ratios average 2.5-5.5 g kg™ less between 600
and 850 hPa. For the Hurricane Danielle case, the
SAL-targeted GPS sondes indicate that the SAL ap-
pears to have maintained its thermodynamic charac-
teristics (Carlson and Prospero 1972) as it moved
~5000 km across the North Atlantic to a position
< 500 km off the southeast U.S. coast. The 29 SAL pro-
files used to create Fig. 2 suggest that the variability
of the moisture in the SAL is relatively low. The stan-
dard deviation of the 700-hPa relative humidity was
< 8% for these 29 soundings. This figure also suggests
that the tropical Atlantic is characterized by a mul-
tiple distribution of environmental moisture sound-
ings that is not well represented by a single climato-
logical sounding (e.g., Jordan 1958). Instead, a moist
tropical environment exists that is periodically modi-
fied by the passage of dry SAL outbreaks. Also, be-
cause there was no means of tracking the SAL until
recently, it is likely that the climatology originally
compiled by Jordan included both SAL and non-SAL
soundings. This suggests that the Jordan mean tropi-
cal moisture sounding (July-October) may be sub-
stantially drier than the typical non-SAL moist tropi-
cal sounding that exists in the North Atlantic during
this time of year.

Vertical wind shear induced by the SAL midlevel easterly
jet. The southern or southwestern edge of the SAL
usually coincides with an easterly wind maximum
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Fic. I. GOES SAL-tracking satellite imagery with overlaid GPS dropsonde points for Hurricane Danielle on
0000 UTC 29 Aug 1998. The yellow-red shading indicates likely SAL regions with increasing amounts of dust
content and dry lower-tropospheric air, as detected by the GOES imagery. Light circles indicate GPS sondes
dropped in the SAL environment. Dark circles indicate GPS sondes dropped in non-SAL tropical environments.

near 700 hPa. It is a westward extension of the Afri-
can easterly jet that is in thermal wind balance with

flow. The easterly jet along the SAL’s southern bound-
ary can sometimes be tracked using GOES low-level

the horizontal temperature gradients that exist be-
tween the warm air in the interior of the SAL and
cooler tropical air to the south (Carlson and Prospero
1972). The wind speed at the maximum is often 10-
17 m s and can be as high as 25 m s™', which is gen-
erally 7-10 m s' faster than the typical trade wind

cloud-drift winds and microwave satellite surface
winds from QuikSCAT (Liu et al. 1998) and the Spe-
cial Sensor Microwave Imager (SSM/I; Goodberlet
etal. 1989).

GOES SAL-tracking imagery suggests that the
SAL’s midlevel wind maximum suppresses TC forma-
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Fic. 2. Composite GPS sonde profiles from sondes launched in the environments of Hurricanes Danielle and
Georges of 1998 and Hurricanes Debby and Joyce of 2000. SAL and non-SAL environments were determined
using GOES SAL-tracking imagery (see, e.g., Fig. 1). The Jordan mean tropical sounding for the area of the
West Indies for Jul-Oct is presented for reference.
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FiG. 3. (top) GOES SAL-tracking satellite imagery with an overlaid GPS dropsonde point ~700 km north-north-
east of Hurricane Debby on 0000 UTC 23 Aug 2000. The yellow-red shading indicates likely SAL regions with
increasing amounts of dust content and dry lower-tropospheric air, as detected by the GOES imagery. The light
circle indicates a GPS sonde dropped in the SAL environment. (bottom) The vertical profiles of wind speed and
direction observed by this GPS sonde are plotted.

tion. These embedded strong winds significantly in- TCs examined in this study that were embedded in
crease the local vertical wind shear by increasing the the SAL (Hurricanes Debby and Joyce of 2000 and

low- to-midlevel easterly flow. In fact, several of the = Tropical Storm Chantal of 2001) had low-level circu-
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lations that raced ahead of their mid- and upper-level
deep convection, due to the influence of the SAL’s
midlevel jet.

The vertical wind shear created by the SAL
midlevel jet can be significant, but is often difficult to
resolve. First, there is limited lower- and midtropo-
spheric wind data available over the tropical Atlantic.
Although GPS index sondes are capable of detecting the
strong easterly wind surge often associated with the SAL
(see Fig. 3), their use is typically limited spatially and
temporally. Second, the SAL’s shallow vertical extent
(~500-850 hPa) makes it difficult to detect using most
remote sensing platforms. For these reasons, the SAL’s
easterly jet may not be generally well represented in
global models. Additionally, typical calculations of the
vertical wind shear that use the 850-hPa level to rep-
resent the lower-tropospheric winds may produce un-
derestimates in the presence of the SAL. Because the
850-hPa level is usually near the bottom of the SAL
(and possibly below it), the true magnitude of the low-
to-midlevel winds may be underestimated. The
broader 700-925-hPa layer is more useful for repre-
senting the wind in the lower troposphere and helps
to better resolve the strong vertical wind shear caused
by the SAL’s low- to midlevel easterly jet.

EFFECTS OF THE SAL ON SPECIFIC AT-
LANTIC TCS. Hurricane Joyce: September 2000.
Hurricane Joyce formed from an AEW that was po-
sitioned several hundred kilometers ahead of a large
SAL outbreak. Favorable environmental conditions
allowed this AEW to develop from a weak tropical de-
pression late on 25 September 2000 to an 80-kt
(41 m s7') hurricane early on 28 September. The SAL
was positioned ~500 km northeast of Joyce on 26 Sep-
tember. It overtook Joyce late on 27 September (SAL
positioned < 2° from the TC circulation center) and
soon began to suppress convection in the storm.
Hurricane Isaac (located ~1500 km northwest of Joyce
at this time) intensified into a category-4 hurricane
as it recurved to the northwest and separated from the
suppressing influence of the westward-advancing
SAL. However, the SAL likely caused Joyce to weaken
by imposing low humidity and strong vertical wind
shear on the main circulation.! During the next 48 h,
Joyce weakened to a moderate tropical storm, and

' Although it is uncertain exactly how long it will take the SAL’s
dry air and enhanced vertical wind shear to weaken a TC, the
time delay and extent of weakening are likely proportional to
the size and strength of the TC’s circulation. This aspect of the
SAL requires further research.
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within 96 h it became a disorganized tropical depres-
sion. The sequence described above is illustrated in
Fig. 4’s time series depiction of Joyce, Isaac, and the
SAL from 26 to 30 September, and in Fig. 5’s best-
track intensity plot for Joyce.

Early on 28 September marked the beginning of
Joyce’s weakening trend. Prior to this, the Statistical
Hurricane Intensity Prediction Scheme (SHIPS;
DeMaria and Kaplan 1999) had been underforecast-
ing the 24- and 48-h intensities for Joyce (Fig. 5).
Figure 5 indicates that after the SAL reached Joyce,
the SHIPS 24- and 48-h intensity forecasts were over-
estimated by as much as ~40-55 kt (~20-28 m s™'),
likely due to increased vertical wind shear and dry air
entrainment, which were not effectively represented
by the model data used in the SHIPS scheme. GOES-
8low-level (600-925 hPa) cloud-drift winds indicated
that the SAL wind-surge strength was 10-18 m s™* just
northeast of Joyce. Consequently, the vertical wind
shear northeast of Joyce increased to 40-60 kt (20—
30 m s7') by 0000 UTC on 28 September (Fig. 6). The
University of Wisconsin—Madison (UW) Coopera-
tive Institute for Meteorological Satellite Studies
(CIMSS) wind shear calculation shown in Fig. 6 is
calculated by differencing the winds in the 150-
350-hPa and 700-925-hPa layers using data from the
U.S. Navy Operational Global Atmospheric Predic-
tion System (NOGAPS) model and GOES water va-
por and cloud-drift satellite winds. This algorithm
removes the circulation associated with the TC vor-
tex from the grid field and uses bilinear interpolation
to replace the vortex region with environmental val-
ues that surround the storm.

The UW CIMSS vortex extraction procedure may
produce underestimates of vertical wind shear in cases
like Hurricane Joyce, where the northeast SAL quad-
rant of the storm contains high wind shear (40-60 kt,
20-30 m s7') and the other non-SAL quadrants have
much lower values of wind shear (0-10 kt, 0-5m s™').
SHIPS calculates vertical wind shear by averaging the
shear values in the 200-800-km radius around the TC.
This technique will also tend to underestimate the

Fic. 4. (facing page) GOES SAL-tracking satellite im-
agery time series showing Hurricane Joyce’s interac-
tion with the SAL (top) 1200 UTC 26 Sep 2000, (middle
top) 1200 UTC 27 Sep 2000, (middle bottom)
0000 UTC 29 Sep 2000, and (bottom) 0000 UTC 30 Sep
2000. The yellow-red shading indicates likely SAL re-
gions and increasing amounts of dust content and dry
lower-tropospheric air, as detected by the GOES im-
agery. The dotted lines indicate the western and south-
ern boundaries of the advancing SAL.
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Fic. 5. (left) Hurricane Joyce best-track intensity and (right) SHIPS forecast intensity bias for the period from 26

Sep to 2 Oct 2000. The approximate time at which the SAL overtook the storm is indicated in both plots.

Fic. 6. Vertical wind shear (kt) for 0000 UTC 28 Sep 2000. Shear values are
indicated by colored shading and were calculated by differencing the mean
wind vectors of the 150-350- and 700-925-hPa layers. The shear vector is
indicated by the white streamlines. Hurricanes Joyce and Isaac, as well as
the strong vertical shear induced by the SAL, are indicated.

wind shear in cases such as Hurricane Joyce when the
shear magnitude is asymmetrically distributed around
the TC. Therefore, the vertical wind shear at Hurri-
cane Joyce’s location may have been higher than is
being depicted for 0000 UTC 28 September by the
UW CIMSS shear analysis (Fig. 6) and by SHIPS
(16 kt,8 ms™).

The presence of the SAL was also confirmed by a
NOAA G-IV surveillance flight on 30 September.
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GPS sondes launched during this flight detected SAL
air with relative humidities as low as 5% and mixing
ratios as low as 1 g kg™ in the 600-850-hPa layer 400-
500 km north and west of Joyce.

1999-2002 Atlantic TCs. The best-track intensities for
several 1999-2001 Atlantic TCs that interacted with
SAL are shown in Fig. 7. GOES SAL-tracking imag-
ery was used to determine if a TC’s circulation cen-
ter was in proximity (< 2°) to the
SAL. Figure 8 is similar to Fig. 7
and shows the 24- and 48-h bias
of the SHIPS intensity forecasts
relative to National Hurricane
Center best-track intensities.
Hurricanes Cindy and Floyd
of 1999 and Erin and Felix of
2001 represent TCs that were
initially under the influence of
the SAL (Fig. 7). All of these
TCs eventually emerged from
the SAL and attained major
hurricane status. This scenario is
depicted for Hurricane Erin in
Fig. 9. Erin immediately began
interacting with the SAL as it
emerged from the North Afri-
can coast. It became embedded
in the SAL and struggled to
maintain tropical storm inten-
sity for the next several days.
However, when Erin emerged
from the SALasa 35-kt (18 ms™)



tropical storm at 0000 UTC 8 September,
it rapidly intensified into a 105-kt
(54 m s™') major hurricane within just
48 h (Fig. 7).? SHIPS overforecast Erin’s
intensity (up to 45 kt, 23 m s™') while it
was in the SAL and underforecast its in-
tensity (up to 50 kt, 26 m s™') as it began
to emerge from the SAL (Fig. 8).

Hurricane Debby of 2000 and Tropi-
cal Storm Chantal of 2001 were never able
to separate from the SAL. These systems
struggled to maintain their intensities and
were consistently overforecast by SHIPS
(Figs. 7 and 8). Tropical Depression No. 7
of 2002 (not shown) was overrun by the
SAL. This 30-kt (15.5m s™') TC dissipated
into a disorganized area of convection less
than 24 h after the SAL engulfed it early
on 8 September.

Figure 7 demonstrates the suppress-
ing influence of the SAL on TC activity
and indicates that TCs that are being af-
fected by the SAL tend to weaken or have
difficulty intensifying into mature hurri-
canes. Figure 8 indicates that SHIPS has
difficulty predicting the intensities of
TCs transitioning into or out of the SAL
and tends to overestimate intensity fore-
casts of TCs that are interacting with the
SAL.

SUMMARY AND CONCLUSIONS.
The GOES multispectral technique de-
scribed here creates a unique kind of sat-
ellite image that allows tracking of the
SAL across the North Atlantic basin and

? The satellite imagery begins to detect what is
likely polluted continental air north of Erin on
8 September (Fig. 9). This air mass is unrelated
to the SAL air that is positioned south of Erin
from the central Caribbean to the west coast of
Africa and appears not to have significantly af-
fected Erin’s intensity.

Fic. 7. Time series of NHC best-track
intensity for several Atlantic tropical
cyclones in 1999 through 2001. Red
shading indicates that the TC was un-
der the suppressing influence of the
SAL. Green shading indicates periods
when the SAL was not impacting the
TC.
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has provided some insight into the rela-
tionship between the SAL and North At-
lantic TCs. The satellite imagery also re-
veals that the size of the SAL over the
Atlantic, usually in the region of 15°-
30°N, can exceed an area larger than the
contiguous United States. Of more signifi-
cance, the SAL appears to affect TC inten-
sity change in the North Atlantic. It sup-
presses the intensity of TCs that it engulfs
(Joyce 2000), while TCs that emerge from
its influence (Erin 2001) can rapidly de-
velop into strong hurricanes.

The GOES SAL-tracking satellite imag-
ery also suggests that a possible link exists
between the SAL and the overall TC ac-
tivity that occurs in the North Atlantic.
The North Atlantic basin averages about
10 named TCs per year. This represents
~40% and ~60% less annual TC activity
than typically occurs in the eastern North
Pacific (16.5 named storms) and western
North Pacific (26 named storms) basins,
respectively (Neumann 1993). There are
climatological differences between Atlan-
tic and Pacific basins that may account for
some of the variation in TC activity be-
tween these ocean basins. However, the
presence of the SAL and its ability to in-
hibit the growth of the North Atlantic’s
large number of seedlings (AEWSs; Pasch
et al. 1998) into named TCs may be a fac-
tor contributing to the relatively smaller
number of TCs that typically occur in this
basin each year. Several conclusions and
recommendations can be drawn from this
study:

o The SAL appears to suppress Atlantic
TC activity in three main ways. First,
it introduces dry, stable air into the
storm, which promotes convectively
driven downdrafts in the TC. Second,
the SAL’s midlevel easterly jet can dra-

Fic. 8. Time series of the SHIPS 24- and
48-h intensity bias relative to the NHC
best track for the several Atlantic tropi-
cal cyclones shown in Fig. 7. Red lines
indicate that the TC was under the sup-
pressing influence of the SAL. Green
lines indicate periods when the SAL was
not impacting the TC.



matically enhance the lo-
cal vertical wind shear.
Third, the SAL enhances
the preexisting trade wind
inversion in the Atlantic,
which acts to stabilize the
environment.

o The extremely dry air that
characterizes the SAL ap-
pears to undergo surpris-
ingly little modification as
it traverses the North At-
lantic. The temperature
inversion typically found
at the SAL’s base may
contribute to the longev-
ity of this dry air.

o The tropical North Atlan-
tic is likely characterized
by a multiple distribution
of environmental mois-
ture soundings that in-
clude moist tropical and
SAL. This suggests that
the mean Jordan tropical
sounding (July-October)
may be substantially drier
than the typical non-SAL
moist tropical soundings
that exists in the North
Atlantic during this time
of year.

o Data from GPS sondes
(that have inadvertently
sampled the SAL) and
GOES satellite-derived

Fic. 9. GOES SAL-tracking
imagery time series show-
ing Hurricane Erin’s inter-
action with the SAL at (top
to bottom) 0000 UTC 2
Sep 2001, 0000 UTC 4 Sep
2001, 1800 UTC 5 Sep
2001, 1200 UTC 8 Sep
2001, and 1800 UTC 9 Sep
2001. The yellow-red shad-
ing indicates likely SAL
regions with increasing
amounts of dust content
and dry lower-tropospheric
air, as detected by the
GOES imagery.
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winds suggest the importance of assimilating the
SAL-induced vertical wind shear and moisture
information into forecast models.

o The intensity change of TCs influenced by the SAL
may not be well predicted by the operational
SHIPS model. SHIPS does not specifically consider
the SAL in its methodology and relies on model
data that may not effectively represent the SAL’s
thermodynamic properties.

o The presence of SAL signatures in the GOES SAL-
tracking satellite imagery shows promise as a pre-
dictor for both TC nonintensification as well as
rapid deepening.

Future work regarding the SAL will involve fur-
ther validation of the GOES SAL-tracking imagery
using GPS sondes. A more detailed understanding of
SAL-TC interactions can be attained utilizing U.S.
Air Force Reserve Command and NOAA aircraft that
are able to collect measurements of the lower tropo-
sphere. This effort could be supplemented by im-
proved SAL detection that uses high-resolution
satellite imagery, such as the Moderate Resolution
Imaging Spectroradiometer (MODIS) on the Terra
and Aqua satellites, and total precipitable water esti-
mates from the constellation of SSM/I satellites. This
wide array of observations could also be used to as-
sess how effectively forecast models capture the SAL’s
thermodynamics and how this information could be
optimally utilized to improve model forecasts.
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WEATHERING THE STORM:
SVERRE PETTERSSEN, THE D-DAY
FORECAST, AND THE RISE OF
MODERN METEOROLOGY

Meteorology today is the beneficiary of Hitharing the Shoom:
the fundamental work in weather analysis Saerre Eatfonsron, the
and forecasting of Sverre Petterssen
(1898-1974), a giant in the field and an
international leader in meteorology during
its formative era. In this lively and
insightful autobiographical memoir,
written just before his death, Petterssen
shares intimate memories from his
childhood in Norway, his education and
service with the famous Bergen school of
meteorology, and his extensive experiences
in polar forecasting and as head of the
meteorology department at MIT. The crisis
of World War II comes alive in his
passionate recounting of how forecasts
were made for bombing raids and special
operations, including the contentious
forecasts for D-Day.

Sverre Petterssen's complete autobiographical memoir, published here for the
first time in English, offers a fascinating view of a man, an era, and a science.
Anyone interested in weather, World War I1, the history of science, or Norwegian
history will enjoy this book.
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Weathering the Storm: Sverre Petterssen, the D-Day Forecast, and the Rise
of Modern Meteorology, ISBN 1-878220-33-0, 326 pp., hardbound, $70
list/$50 member. To place an order, submit your prepaid orders to: Order
Department, AMS, 45 Beacon Street, Boston, MA 02108-3693; call 617-
227-2425 to order by phone using Visa, Mastercard, or American Express;
or send e-mail to amsorder@ametsoc.org. Please make checks payable to
the American Meteorological Society.

366 | BAMS MARCH 2004


mailto:amsorder@ametsoc.org



