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Diurnal T and e cycle

[4]
[5]

Storms

[6]

Storms

[1]  Day-time data in
a uniform air mass.
Although no large-
scale N gradients are
visible (first image),
small-scale
boundary layer
structures may be
tracked on the time
series of 5-minute
refractivity differences
(far right), although
considerable change
occurs.
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Zoom over a 24*24 km area
Station data plotted (clockwise

from top left): T, 5-min T change,
5-min Td change, and Td.
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[2]  Gradual sharpening of a moisture gradient associated with a
reflectivity fineline.  Similar to but not as impressive as [4].

[3]  Cold front passing over the area with a dew point decrease
behind it.

[4]  One of the banner days
for refractivity, as a main
dryline and a few secondary
drylines gradually built up
over the area.
Interestingly, the build-up
of the boundaries was
detected with refractivity
before one could clearly
observe any reflectivity
finelines.  This might be
related to the fact that it
takes time for the updrafts
associated with the con-
vergence lines to lift enough
insects to permit their
detection using reflectivity.
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[5]  Image of the change in
refractivity over a 5-min
period during the passage
of a cold front over a
60 by 60 km area.
This image reveals that,
behind the initial change
in temperature and moisture
along the front boundary is
a 15-km wide transition zone
over which the refractivity
(associated with the dew
point and real temperatures)
continues to decrease until
it reaches its final value.
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[6]  Thanks to very
weak winds and
uneven rain in the
previous days (first
image), we observed
the gradual
appearance of
regions with
different humidity
(far right) solely
caused by the
variable surface
moisture fluxes
as a function
of soil moisture.

1 2 5 10 15 20 30 50 mm

40

60

24-hr accumulation ending 05/24 12Z

285 290 295 300 305 310 N

Td 0 2 4 6˚C

40

Refractivity
2002/05/25

13:03Z

6
5

6
4

6
4

5
4

7
4

275 280 285 290 295 300 N

Td 0 2 4 6 8˚C

40

Refractivity
2002/05/25

17:02Z

15
7

15
7

17
5

15
7

17
5

270 275 280 285 290 295 N

Td 0 2 4 6 8˚C

40

Refractivity
2002/05/25

19:00Z

19
8

19
7

21
2

20
5

21
4

�
�

	�6 1�21��� , 7 ?���) *, 6 ��/ �, .��( .��� *�' �*� ��) ���.#  � *�,  �, .�*�/ ( �, � ) ( �' ( ��� � �*! ( ��8� , &�������� �*! ( �� $&�! , / ��� � ! � �&( �

.�, / �*! ( �2;�% �� �*, ��E �" #  ( �����1��� ! ( ���..( �(  � ( �� ( *: ( (  �*! ( ���	
�� # �' ( �� ��*! ( �6 ��� �) ! ��( �' �&# ( ) ��) �7 �, 7 , �*�,  �&�*, �

*! ( ��/ , #  *�, .�/ , �) *# �( �/ ( �) # �( �� ( ���*! ( �) # �.�� ( 1�

� , **, / ?�% � ��� �) ( �) *# ��( ) �, .�� ��' ��# �&�( ' (  *) ��  , *�*( ��,  �*! ( �! �) *, 6 ��/ �7 &, *1��� ! ( ) ( �� � &# �( ���) ! , �*�*( < *��( ) � ��7 *�,  �

� �� �� ' ���( *� � , .� ������ ��*�� 0) # �.�� ( � �( .��� *�' �*� +� E 8/ � � ) # �.�� ( � �( .��� *�' �*� � � ! � 6 ( +� � �� � � �) � , .� �( .&( � *�' �*� � � �� , .�

� , 7 7 &( ��' ( &, � �*� 5�� ��) # �.�� ( �, � ) ( �' �*�,  ) �0, .*(  �7 &, **( ��,  �*! ( ��( .��� *�' �*� �/ �7 ) +�) , / ( *�/ ( ) �7 &, **( ���) ��( �� �*! ( �., �/ �

, .���*�/ ( �) ( ��( ) 51�



�

225

250

275

300

325

05/28 05/29 05/30 05/31 06/01 06/02 06/03 06/04 06/05 06/06 06/07 06/08 06/09 06/10 06/11
Date (UTC)

R
ef

ra
ct

iv
ity

Histogram of refractivity
IHOP_2002 – Oklahoma Panhandle

N

Ndry
0% 10% 20%

% of data within
a 1-N unit interval[7]

Fronto-
-lysis, then

-genesis

[8]

[9]

Storms

[10] [11]

[12]

[7]  Sudden pulse of surface
moisture occurring at the
beginning of the night.  In this
area, nighttime moistening is
often associated with the passage
of an air-mass boundary coming
from the SE early in the night.
By contrast, the daytime drying
occurs mainly by vertical
mixing.
Also note the large difference
between N-derived dew point
temperatures – representative
of data at about 20 m – and the
actual surface measurements.
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[8]  (Multiple?) storm outflow(s)
from a line of thunderstorms
SW of the radar site.  While
the reflectivity map shows
only one fineline associated
with the outflow (solid and
dotted line), the refractivity
map (right) suggests the
presence of multiple boundaries
with only an extremely faint
refractivity contrast colocated
with the reflectivity fineline.
In this case, the outflow is
relatively warm and dry; in others
(e.g. [11]), it is cool and humid.
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[9] Nighttime bore as
seen on (left to right)
reflectivity, Doppler
velocity and 5-min
refractivity change.
At this time, the
bore is barely
detectable on
refractivity as
pressure waves show
some correlation
with dew points.
Case analyzed by
Koch et al. (2003).
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Time series of P, T,
Td at the radar site.

[10] Two examples of
refractivity boundaries:
a sharp temperature and
moisture boundary (caused
here by a gust front), and a
diffuse moisture transition a
few hours later.  Both the
refractivity change maps
and the surface data (far right)
show the different nature of
the boundaries.  The latter
example displays hints of a
wave structure within it, not
an uncommon occurrence
for nighttime boundaries.
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Time series of temperature and dew point
at the station 10 km west of the radar for
the sharp boundary (gust front) case.
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Same as above but for
the latter boundary.
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[11] Very high range
of refractivity values
caused by the presence
of multiple storm
outflows.
Such conditions cause
problems to the
algorithm retrieving
refractivity fields;
hence, data quality
is poorer than usual
and the field shows
considerable
fragmentation.
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Dust storm at radar site
two minutes later
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[12] Here, the relatively wide range of refractivity values observed is associated
with the presence of a convergence line just NW of the radar site (visible on
reflectivity as a fineline (right) as well as on refractivity (far right)).  Although
clouds poked through the capping inversion (see photo below from S-Pol),
no storm initiated.  
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[13] On this day, a weak low pressure
system was forming over S-Pol.  A
persistent slow-moving dry pocket
drifted to the southern edge of the
refractivity coverage.  By 2336Z,
a boundary had built up and was
moving south (see the refractivity and
refractivity change maps on the right).
In parallel, a gust front coming from the
south can be seen on the reflectivity map
(far right) 60 km from the radar.  These
two boundaries collided 45 min later
and a severe thunderstorm initiated 30 km
east of S-Pol as a result.
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[14] Example of smaller scale variability
in refractivity caused by the boundary
layer structure on a sunny and windy day.
At this time (about 14:00 solar time),
BL rolls can be observed on reflectivity
(first image).  On refractivity (second
image), when two images are averaged
(19:59 and 20:04) to remove the cross-
roll variability, one may observe some
along-roll refractivity structure
superposed on a stronger larger scale
moisture variability.  The 5-min
refractivity change map (far right),
that enhances cross-wind N variability,
reveals the presence of cross-roll
N structure as well.
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