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Fig. 12(a-d).  SPC RUC-based 0-3 km SRH (a,b) and 0-1 km SRH (c,d) valid 2200 UTC 23 June 2004 and 0100 UTC 24 
June 2004 respectively.  SRH calculated using the Bunkers et al. (2000) supercell storm motion estimate.  Isopleths of 
SRH in m2 s-2 and storm motion represented by wind barbs in knots. 
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	 The 0-3 km SRH in Table 1 fell between the 25th and 
75th percentiles in the significant tornado category for 
Rasmussen and Blanchard (1998), while Sparta (KCMY), 
Madison (KMSN), and Fond du Lac, Wisconsin (KFLD) fell 
within the middle 50th percentile of T03.  However, based 
on a large amount of overlap with other categories, 0-3 km 
SRH is best used as a supercell predictor (relative to the 
0-1 km SRH).  The 0-1 km SRH/wind shear was found by 
Markowski et al. (1998b) and Markowski et al. (2003) to be 
a strong indicator of significant tornadic supercells.  Using 
over six thousand 0000 UTC soundings, Markowski et al. 
(1998b) found the 0-1 km SRH values for significant tornadic 
supercells averaged nearly 100 m2 s-2 and accounted for 
nearly 53% of the SRH in the 0-3 km layer.  Table 1 shows 
the 0-1 km SRH values ranged from 82 m2 s-2 to 175 m2 s-2, 
and accounted for approximately 56-73% of the total 0-3 
km SRH.  In fact, the 0-1 km SRH was larger than the 0-3 km 
SRH at KSTE. The 0-1 km SRH fell within the 25th and 75th 
percentiles in Rasmussen (2003) while Baraboo (KDLL), 
Madison (KMSN) and Fond du Lac, Wisconsin (KFLD) fell 
within the middle 50th percentile of T03. 
	 Overall, the severe weather parameters from RUC 
proximity analysis soundings in Table 1 were supportive 

Fig. 13(a).  Same as Fig. 3a except for 0000 UTC 24 June 
2004. 

Fig. 13(b). Same as Fig. 3b except for 0000 UTC 24 June 
2004.

of tornadic supercells on 23 June 2004.  The sounding for 
Stevens Point, Wisconsin (KSTE) was marginal for tornadic 
supercells, although there were two nearby weak tornadoes 
and an F2 tornado (HP with comma-head structure) 35 km 
to the southeast.  The 0-3 km SRH value was low primarily 
because the storm motion (Table 1) was 270°, thereby 
plotted much closer to the hodograph, but the 0-1 km SRH 
value of 82 m2 s-2 was respectable.  The KFLD and KDLL 
proximity soundings were taken to represent the long-track 
HP supercell that was responsible for six tornadoes (three 
of which were strong).  The strong tornadoes occurred 
closest to KFLD and the sounding revealed the lowest 
MLLCL and MLLFC and the highest low level wind shear 
(SRH and 0-1 km shear) compared to the remainder of the 
proximity soundings.  Figure 14 is the hodograph for KFLD 
with observed storm motion plotted.  The parameters for 
this particular HP supercell were in solid agreement with 
the strong tornadic supercell distributions of the various 
referenced authors in this paper.  The 4-6 km SR flow of 24 
kt and the 10 km SR flow of 39 kt were the median values 
in the strong tornado category for T03 and Rasmussen and 
Blanchard (1998) respectively.   
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Fig. 14.  0100 UTC 24 June 2004 KFLD hodograph with observed storm 
motion.  Hodograph in m s-1 . 

 
4.  Forecast Challenges   

	 The NWS morning area forecast discussions and SPC 
outlooks for the morning of 23 June 2004 focused on the 
slow-moving cold front over Wisconsin (Fig. 3d).  Convective 
initiation, aided by a weak shortwave trough, and possible 
severe weather (“slight risk” issued by SPC) were expected 
in the vicinity of the front by afternoon from Lower Michigan 
through central and southern Wisconsin into eastern Iowa.  
The discussions and outlooks identified a sufficient amount 
of moisture, CAPE, lift, and wind shear for damaging winds, 
large hail, and isolated tornadoes.  The Northern Plains 
system was treated separately and with a slower forecast 
progression than what was observed.
	 The afternoon area forecast discussions and SPC 
outlooks continued to keep the two systems separate.  The 
lack of moisture and CAPE across Wisconsin in the early 
afternoon, and the expected northward displacement of the 
most focused upper-level dynamics (Fig. 13a-b) contributed 
to lower confidence of severe convective potential among 
the local NWS forecast offices.  The area forecast discussions 
mentioned little of the weak but developing surface low and 
isallobaric couplet that was occurring over Minnesota at 
the time. The slight risk was continued by the SPC and then 
upgraded to moderate risk by 0036 UTC 24 June 2004.    

	 The 1200 UTC 23 June 2004 Eta forecasted a reasonably 
well depiction of the event.  The surface low and northward 
moving warm front were resolved by the model, but 
were slightly slower with the progression compared to 
the observed surface maps.  The 1200 UTC Eta correctly 
forecasted 0-3 km SRH above 200 m2 s-2 and accurately 
placed the north to south CAPE gradient over central and 
southern Wisconsin.  The previous run from 0000 UTC 
23 June 2004 Eta was farther north than the 1200 UTC 
run and positioned the morning cold front to the east and 
south by late afternoon and evening.  With no indication of 
the cold front possibly reversing and moving to the north 
as a warm front, the warm-air advection and 0-3 km SRH 
were consequently weaker.  This case clearly was not 
“synoptically evident” (Doswell et al. 1993) on the Eta or 
the current analyses throughout the day due to the weak 
surface low, strong upper-level dynamics (Fig. 13a-b) 
north of the outbreak area and marginal CAPE over central 
Wisconsin.  In addition, the incorrect depiction of the event 
by the 0000 UTC 23 June 2004 Eta model led to difficulty 
in determining how significant and widespread the severe 
weather would be.   
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5.  Summary and Conclusions

	 On 23 June 2004, Wisconsin’s fifth largest tornado 
outbreak occurred during the late afternoon and early 
evening hours. The parent deep moist convection was 
comprised of complex storm structures, bow echoes, and HP 
supercells.  The event was characterized by a fast propagating 
isallobaric couplet and surface low with a 100 kt 300-mb 
jet streak, and a pre-existing front that lifted northward as 
a warm front.  Low-level tropospheric warm-air advection, 
positive theta-e advection, frontogenesis, and convergence 
along the fronts and surface troughs appeared to be the 
catalyst for synoptic scale and mesoscale lift.  In addition, 
an increase in low-level wind shear late in the day was a key 
ingredient in the development of tornadic supercells.  The 
RUC proximity soundings were characterized by low BRN, 
low MLLCL, low MLLFC, low MLCIN, high 0-3 km CAPE, high 
SRH, and high 0-1 km shear.  The values of these parameters, 
were favorable for tornadic supercells by late afternoon and 
evening.
	 This study suggests factors that can assist forecasters 
in anticipating high impact severe weather events when 
the numerical model predictions suggest otherwise. These 
factors include a severe weather conceptual knowledge 
base, a diligent “weather watch”, and the utilization of 
progressive tools (e.g., mesoscale models) that add value 
beyond well established forecast practices.  
	 Conceptual thinking based upon empirical forecast 
experience, informal case studies, and findings from 
published research provides the foundation from which 
forecasters can then employ a diligent “weather watch” in a 
skilled and efficient manner.  Knowing what to look for and 
the implications of what is found on all scales (i.e., synoptic, 
meso, and storm) should present better opportunities to 
more accurately and in a more timely fashion anticipate 
convective initiation, the predominant convective mode, 
significant changes to the convective mode and the resulting 
weather impacts. Finally, high resolution mesoscale models 
configured to address critical forecast issues provide the 
means to evaluate changes to the pre-storm and near-
storm environments both in real-time or as a valuable post-
analysis research tool. 
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