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1. INTRODUCTION

Record setting rains affected South Carolina from 3 to 4 October 2015 (Fig. 1; Table 1). The most intense
rainbands moved over South Carolina after 0600 UTC 4 October (Fig. 2) with the most intense rain
bands affecting the State from 0000 UTC through 1800 UTC 4 October. The single most significant
accumulation period was the 6-hour period ending at 1200 UTC 4 October 2015 (Fig. 2c). The total
Stage-1V rainfall amounts exceeded 500 mm (20 inches) which was in line with the record values shown
in Table 1 which showed at least 9 sites with over 500mm (20 inches). Many sites set all-time 24, 48 and
72 hour rainfall records including North Myrtle Beach, Charleston, and Columbia® South Carolina (Table
2). The Stage-1V and observed data (Fig. 3) both indicated unprecedented rainfall amounts.

Based on Associated Press (AP 2015a,AP 2015b) accounts flooding closed major highways, interstates,
flooded homes, led to hundreds of water rescues and may have caused 13 deaths. Damage to homes,
utilities, roads, and business will likely be extensive. The subsequent flooding led to damn and levee
failures leading to evacuations downstream of the failures. A Civil Emergency was issued Metro
Columbia for residential areas downstream dam failures on small lakes. The full extent of the damage will
not be known until the water full subsides.

The rain fell in strong flow between a massive anticyclone to the north and an area of low pressure to the
south (Fig. 4). The anticyclone over Canada was associated with cool dry air and the central pressure
exceeded 1040 hPa. There was a trough over the western Atlantic in the eastern portion of the trough was
the circulation associated with Hurricane Joaquin. In the strong easterly flow (Fig. 5) between the two
anomalous pressure systems a surge of high precipitable water (PW) moved into South Carolina and
remained focused over the State for more than 2 days (Fig. 6). Previous studies of heavy rainfall (Stuart
and Grumm 2006) have shown that heavy rain is often in close proximity to anomalous easterly or
anomalous southerly flow. In this event, the u-wind anomalies were -4 over a broad region and peaked
at over -6¢ in several locations and over several time periods. The PW anomalies were not significant but
the persistent above normal PW plume likely kept moisture feeding into the heavy rain area. Thus, the
persistent deep easterly flow, the continuous supply of moisture and the terrain likely all contributed to
the record rains over South Carolina.

The larger scale pattern (Fig. 7) showed that the circulation and anomalous 500 hPa trough associated
with Joaquin was well to the east. Over the southern United States a deep closed 500 hPa cyclone
developed. This 500 hPa cyclone had -3c height anomalies and was cut-off from the main westerlies as it
cut beneath the large blocking ridge over eastern Canada. Slow moving cut-off lows are another heavy
rainfall pattern.

1 NWS Columbia Public Information Statement 5 October 2015 “OLUMBIA ESTABLISHED
A NEW ALL TIME ONE DAY...TWO DAY...AND THREE DAY RECORD RAINFALL AMOUNT.”



This paper will document the pattern and some forecast aspects of the record rainfall event of 3-4 October
2015. The focus will be on standardized anomalies to identify the pattern and tools which may have
provided clues to the potential historic nature of this event. The Average Return Period (ARI) for rainfall
events are used here to show the potential benefits of these data in anticipating record events. Though
Hurricane Joaquin was to the East it is not a subject of this study.

2. METHODS AND DATA

The stage-1V rainfall data was obtained in gridded from NCEP. The 6-hourly files were used to view the
rainfall in various time increments. The Average Return Interval (ARI) data used to show return periods

was obtained from Colorado State University. The data is a mix of NOAA14 and NOAA40 data. The 24
hour 6 and 100 year data are shown here.

The Climate Forecast System Version Il data was used to reconstruct the pattern and compute the
standardized anomalies.

Forecasts focus on the NCEP systems and tools to diagnose heavy rainl.
3. FORECASTS

This event will likely be a well-studied event due to both the impacts of the record rainfall and the initial
poor forecasts of the track of hurricane Joaquin. Despite the Joaquin issues, the NCEP model provided
considerable lead-time for a potential record event. The GEFS had the massive anticyclone, the cut-off
low and early on, some problems with the hurricane forecasts. But the QPFs were relatively consistent
from forecast initialized on and after 30 September 2015. The focus here is on the QPF and potential
record QPF.

I. GEFS

Forecasts of the probability of 100 and 150 mm or more QPF from the NCEP GEFS (Figs. 8 & 9) show
that the GEFS from 1200 UTC 30 September predicted extremely heavy rainfall. Based on experience,
the high probability of 100 and 150 mm is not a common forecast in the GEFS. The current version of the
GEFS is run at 55km and this may limit the high range QPF amounts.

For comparison purposes the 35km experimental GEFS parallel data are shown in Figure 10 & 11. These
data over 180 mm of QPF in the mean forecasts with the 150 mm contours from each member overlaid.
The probability of 100 mm (Fig. 11) shows the same general area as the GEFS but higher probabilities
from 30 September 2015 and slightly lower probabilities of 100 mm of QPF thereafter relative to the
operational GEFS.

Knowing the range of the model internal QPF climate (M-Climate) could be of value. These values are
known and the 48 hour GEFS QPF verse the Model Climate (Fig. 12) shows that the GEFS was
predicting record rainfall over South Carolina. The link between model records and potential atmospheric
records is the difficult issue. The M-Climate data show that from 30 September through 2 October, the
GEFS was forecasting record rainfall verse its 30-year climatology.

ii. SREF



Similar to the GEFS the SREF had the deep easterly flow and high PW values in the Carolinas and thus it
too produced forecasts with over 100 mm of QPF in South Carolina (Fig. 13). Clearly from 1 October
onward the SREF too had extreme rainfall, though the internal SREF climate is not known.

iii. GFS

The 13km NCEP GFS is examined relative to it’s QPF and these QPF values relative to the 100 year 24
hour ARI data. Picking the best 24-hour QPF time was problematic as the GFS timing of the heavy rain
varied about 12 hours either side of about 1200 UTC 4 October 2015. The total rainfall in 6 GFS runs
ending at 1200 UTC 5 October 2015 (Fig. 14) show two distinct things. First, the GFS forecast extreme
rainfall amounts with each forecast cycle forecasting from 12 to 20 inches of QPF. Second as the forecast
horizon decreased, the area to be affected by heavy rain dramatically decreased in areal extent.

The 24 hour QPF for the 6 GFS runs valid at 1200 UTC 4 October 2015 (Fig. 15) and the QPF as a
percent of the NOAA14 24 hour 100 year ARI. These data show that all forecasts had over 100% of the
100 year 24 hour QPF value and several forecasts (Fig. 15c-e) had around 150% of the 100 year return
value. Similar forecasts valid at 0000 UTC 4 October (Fig. 16) show similarly heavy rainfall and show
that the GFS forecast cycles had varied spatial and temporal issues between forecast cycles.

iv. HRRR

The 3km HRRR is run hourly with 15 hours of forecast output per forecast cycle. This convective
allowing model with strong forcing should perform well with short term QPF issues. A limited number of
runs are presented to show the forecasts of the heavy rain nearest the 6 hour period of heaviest observed
rainfall. | should be noted about 30 HRRR cycles were examined all of which showed the potential for a
southeast to northwest axis of heavy rain over South Carolina from 3 to 5 October.

The 6 HRRR cycles 6 hour QPF and 6-hour 100 year ARI (Fig. 16) show a band of rain with 2 to 10
inches of QPF values ranging from 125 to 200% of the 6-hour 100 year ARI. The 0400 UTC cycle had
the least amount of rain and lowest percentage of the ARI (Fig. 16e).

Forecasts valid 2 hour later continued to show extremely heavy rainfall with the 6-hour QPF percentages
above 100 to around 175% of the 100 year values.

These data implied several periods of extreme rainfall the potential for the 6-hour HRRR QPF amounts
exceeding the 6-hour 100 year return values.

4. SUMMARY

Record breaking rainfall event affected the southeastern United States on 3-5 October 2015. Based on
Stage-1V data the heaviest rains fell between 0000 and 1200 UTC 4 October. The period of extremely
heavy rainfall combined with an enduring rain event contributed to some incredible storm total rainfall
amounts over 10 and 20 inches. Many NWS climate sites set all-time 24, 48, and 72 hour rainfall records.
The extensive area of heavy rain over South Carolina led to unprecedented flooding. Levees and dams
along man-made lakes failed leading to evacuations of entire communities. The flooding impacted all
aspects of human activities as flood waters covered roads, rails, and airports.



From a forecast perspective this event was well predicted by all NCEP forecast systems. The extreme
QPF predicted by the NCEP systems ““highlight a remarkable operational success story. Kudos to the
many folks at the WPC, NCEP, and the local WFOs that made it possible for this remarkable success
story to occur”? The success of the models and ensembles and thus human forecasts was nothing short of
remarkable. The data shown here and employed in real-time clearly show the value of using both model
internal climate (M-Climate) and re-analysis climate (R-Climate) in the forecast process. The ARI data
clearly showed the potential for record rains when applied both the GFS and HRRR. The M-Climate
proved equally valuable at all forecast ranges.

It is interesting to note that the heaviest rain fell over the coastal plain, not inland and not in the higher
terrain to the west. The lift appeared to be realized over a frontal boundary which is quite common over
frontal boundaries and with coastal fronts in Nor'easters along the East Coast from the Mid-Atlantic to
New England. The NCEP models and ensemble forecast systems correctly produced heavy rain in these
regions affected by the heaviest rain implying they correctly forecast the basic processes associated with
this event.
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Rainfall Amounts Over 18"

Location County, State Rain (in)

NORTH MYRTLE BEACH Horry, SC 24.45
1 N LITTLE RIVER Horry, SC 23.8
1 ENE SAMPIT Georgetown, SC 23.54
1 N LITTLE RIVER Horry, SC 23.28
KINGSTREE 9.5 NW Williamsburg, SC 22.69
KINGSTREE Williamsburg, SC 21.67
4 SW PAWLEY'S ISLAND Georgetown, SC 21.63
1 NNW LIMERICK Berkeley, SC 21.17
SUMTER 1.3 SE Sumter, SC 20.15
SHAW AFB Sumter, SC 19.75
SUMTER Sumter, SC 19.68
MANNING 8.2 S Clarendon, SC 19.25
1 E LEXINGTON Lexington, SC 19.14
MONCKS CORNER 3.6 E Berkeley, SC 19
SUMMERVILLE 3.3 NW Dorchester, SC 18.91
GEORGETOWN COUNTY AIRPORT Georgetown, SC 18.84
SUMMERTON 8.4 SE Clarendon, SC 18.5
HOLLY HILLO.4 N Orangeburg, SC 18.19
MONCKS CORNER 3.2 NE Berkeley, SC 18.12
NORTH MYRTLE BEACH 1.4 ENE Horry, SC 18.04

Table 1. List of rainfall sites where over 18inches of rainfall was observed. Values over
10 inches were to numerous and will be included in the Appendix. Return to text.

Wettest Day on Record

Location Date Amount Old Record POR Began
Columbia, SC 10/4/2015 6.87" 5.79" (1959) 6/1/1887
North Charleston, SC 10/3/2015 11.50" 10.52"(1998) 3/1/1938
North Myrtle Beach, SC  10/2/2015  7.88" 7.19" (2006) 6/15/1999

Table 2. List of record rainfall set at major sites in South Carolina. Return to text.



Daily Records Set

Location Date
Ashville, NC 10/3/2015
Columbia, SC 10/4/2015

North Charleston, SC 10/3/2015
North Charleston, SC 10/4/2015
Charleston City, SC 10/3/2015
Greenville-Spartanburg, SC  10/3/2015
North Myrtle Beach, SC 10/2/2015
North Myrtle Beach, SC 10/4/2015
Florence, SC 10/4/2015
Wilmington, NC 10/3/2015
Wilmington, NC 10/4/2015

Amount

2.23"
6.87"
11.50"
2.81"
6.04"
2.99"
7.88"
5.53"
3.04"
3.82"
5.19"

Old Record
1.66" (1961)
2.24" (1992)
3.28" (1994)
2.52" (1992)
3.48" (1994)
0.77" (1961)
0.21" (2012)
0.45" (2007)
2.75" (1992)
2.16" (1891)
3.23" (1964)

POR Began
3/1/1869
6/1/1887
3/1/1938
3/1/1938
1/1/1893

10/15/1962
6/15/1999
6/15/1999
1/1/1948
1/1/1933
1/1/1933

Table 3. Daily rainfall records set in North and South Carolina during the period of
heavy rainfall. Data extracted from NWS Public Information reports. Return text.
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Figure 1. Stage-IV rainfall (mm) for the 48 hour period ending at 0000 UTC 05 Octber 2015. Return to text.
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Figure 2.As in Figure 6 except rainfall (mm) for the 3 6-hour periods of heaviest rainfall accumulation. Bottom panel is a summary of these 3

periods total rainfall. Return to text.



South Carolina Precipitation 120 Hour Rainfall Ending Oct. 5th, 2015
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Figure 3. NWS rainfall analysis for the South Carolina rainfall. Courtesy of the NWS offices in South Carolina. Return to text.
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Figure 4. Climate Forecast System re-analysis data of the surface pressure (hPa) and pressure anomalies in 6-hour increments from a) 1200 UTC 03
October 2015 through f) 1800 UTC 04 October 2015. Contours every 4 hPa and anomalies in standard deviations from the 30-year means. Return to
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Figure 5. As in Figure 4 except for 850 hPa winds (ms-1) and 850 hPa u-wind anomalies Return to text.
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Figure 6. As in Figure 4 except for precipitable water (mm) and precipitable water anomalies._Return to text.
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Figure 7. As in Figure 4 except for 500 hPa heights (m) and height anomalies in 12-hour periods from 0000 UTC 02 October through f) 1200 UTC 4
October 2015. At the current time the 0600 and 1200 UTC 2 October data are unavailable thus the missing data in panel d. Return to text.
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Figure 8. NCEP GEFS forecasts of the probability of 100 mm or more QPF (mm) for the 36 hour period of 1200 UTC 3 October to 0000 UTC 5 October
2015. Data from GEFS initialized at a) 1200 UTC 30 September 2015, b) 0000 UTC 1 October, c) 1200 UTC 1 October, d) 1800 UTC 1 October, e) 0000 UTC
2 October and f) 1200 UTC 2 October 2015. Return to text.
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Figure 9. As in Figure 8 except for 150 mm of QPF. Return to text.
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Figure 10. As in Figure 8 except mean QPF from the 35km GEFS parallel and each members 150 mm contour. Return to text.
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Figure 11. As in Figure 8 except for the GEFS parallel forecast of 100 mm or more QPF. Return to text.
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Figure 12. GEFS QPF and where the QPF lies on the M-Climate PDF for the 48-hour period ending 0000 UTC 5 October 2015. Data
fclockwise from upper left a) 1200 UTC 30 September, b) 1200 UTC 1 October, c) 0000 UTC 2 October and d) 1200 UTC 2 October
2015, Return to text.
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Figure 13. As in Figure 8 except for NCEP SREF. Return to text.
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Figure 12. NCEP 13km GFS QPF for the period of 0000 UTC 3 October through 1200 UTC 5 October 2015. GFS cycles include a) 0000 UTC 1
October, b) 1200 UTC 01 October 2015, c) 0000 UTC 2 October 2015, d) 0600 UTC 01 October 2015, c) 1200 UTC 2 October 2015, f) 1800 UTC 03
October 2015. Shading as in the color bar. Contours in powers of 2 with intervening 6, 12, and 24 hour contours. Return to text.
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Figure 15. As | Figure 14 except for the 24 hour QPF for the period ending at 1200 UTC 4 October 2015 (contours) and this QPF as a percentage of the 24
hour 100 year ARI from the NOAA14/40 data set. Return to text.
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Figure 16. As in Figure 15 except for the 24 hour period ending 0000 UTC 4 October 2015. Return to text.
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Figure 17. NCEP 3km HRRR forecasts of 6-hour QPF (inches) and the ratio expressed as a percentage of the QPF the NOAA14 6-hour 100 year ARI data.
Forecast are from the HRRR initialized at a) 00000, b) 0100, c) 0200, d) 0300, e) 0400, and f) 0500 UTC 4 October 2015. Return to text.
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d. HRRR 03Z040CT2015 Bh OPF(mm] ":147040CT201 6 a. HRRR 047040CT2016 &h QPF(mm) ve1d4Z040CT2015 f. HRRR DAZ04OCT2015 Gh QPF(mm) w1 4Z040CT2015
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Figure 18. As in Figure 19 except valid at 1400 UTC 4 October 2015. Return to text.
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