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1. Introduction

 - Hurricane Matthew paralleled the 
southeastern U.S. coast on 7-9 October 
2016. On 8 and 9 October, it dumped 
over 250 mm of rain--and up to over 400 
mm locally--along a swath located in the 
coastal plain of South and North Carolina 
and Tidewater Virginia. The heaviest rain 
was focused along a surface front that 
developed to the north and west of Mat-
thew’s center as the cyclone underwent 
extratropical transition (ET).
 
 - Some prior studies1-3 have raised the
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possibility that cold air damming east of the Appalachian Mountains could 
enhance rainfall along the frontal boundary, presumably by making the 
cross-frontal temperature gradient larger.

- Additionally, because of Matthew’s unique track, a comprehensive du-
al-polarimetric radar dataset was collected during multiple stages of Mat-
thew’s lifecycle prior to its ET. This will allow for extensive analysis of the 
precipitating elements associated with Matthew during and after an eyewall 
replacement cycle and during the ET process.

a) Total radar/rain gauge estimated rainfall during 
Matthew on 8-9 October. Frontogenesis = 1 K km-1 
outlined in red. b) Frequency of rainfall derived from 
radar. Cross sections referenced in Section 3.

2. RAP Analyzed Synoptic Fields

500 hPa height (dm) and 250 hPa divergence MSLP (hPa) and 2m Temperature (K)

08/12 UTC

08/15 UTC

08/18 UTC

08/21 UTC

09/00 UTC

09/03 UTC

-8.5%

-13.0%

-10.0%

-10.0% (entire 
displayed map)

4. Experiment Results
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A negatively tilted trough approached Matthew from the 
northwest on 7-8 October, becoming positively tilted on 8 
October, which is favorable for frontogenesis north of Mat-
thew2. Divergence aloft spread north of the storm over east-
ern SC, NC, and VA.

High pressure over New England directed the pressure gradi-
ent southward along the coast, a favorable setup for cold air 
damming (CAD). Whether CAD definitely occurred is un-
clear above, but the surface front extending from Matthew is 
obvious by 08/12 UTC.

3. Numerical Model Experiments
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Domains used: 18-6-2 km, with no 
cumulus parameterization in inner 
domain.

CTRL (control) experiment is compared to 
NoMTNS (no Appalachian mountains) ex-
periment in which all terrain over 200m is 
flattened. 

Storm initialized almost entirely with-
in inner domain at 07/06 UTC, a time 
early enough to allow CAD to develop 
during model integration rather than 
being imposed by initial conditions.

Option

Boundary/Initial Conditions ERA-Interim4/NOAA RTG SST

Microphysics Thompson aerosol-aware5

Cumulus Kain-Fristch6 in 18/6 km

Land surface Unified NOAH7

Radiation RRTMG8 longwave and short-
wave

Planetary boundary layer Yonsei University9

5. Radar Data 6. Conclusions

Top left) Observed WSR-88D reflectivity and simulated reflectivity in CTRL and 
NoMTNS runs from 30 to 45 hours after initialization. 

Bottom left) Temperature gradient calculated across cross-sections A (red) and B 
(purple) in Section 1 for CTRL (solid) and NoMTNS (dashed) experiments.

Top center) Total rainfall on 8-9 October in CTRL and NoMTNS experiments. 
The difference in rainfall is plotted in the bottom panel, and percent changes in 
displayed subdomains are also shown.

Top right) Top panel illustrates change in rainfall frequency in NoMTNS simula-
tion relative to CTRL run. Bottom panel shows the change in rainfall intensity.

0 dBZ echo top heights in convective 
echoes (and isolated convective; see my 
poster Wednesday) over land and ocean 
as seen by KMHX radar on 8 October. Bi-
modal distribution seen over ocean, but 
not land.

Difference between 2D probability distributions of reflectivity and ZDR. Solid and 
dashed black lines represent modes of distributions over ocean and land. Blue 
shading represents reflectivity or ZDR that is more common over ocean. General-
ly, stronger echoes are favored over land. More round hydrometeors are favored 
over ocean, but interestingly in the lowest 3-4 km, several oceanic echoes with 
ZDR > 1 dB exist. About 25% of ocean echoes at 2 km have ZDR > 1 dB.

We tracked individual oceanic echoes inland in order to characterize the evo-
lution of such echoes as they approached land. Above are time series of 0 dBZ 
echo top height and ZDR profiles for such echoes. The reflectivity time series 
(not shown) is moreorless constant with time. The decay in the lower mode of 
convection and a deepening of convection is seen as convection approaches 
land. The low-level high ZDR echoes are particularly highlighted for echoes that 
are up to 2 hours away from landfall.

- Cold air damming has no obvious impact 
on the intensity of rainfall along a frontal 
boundary that developed across eastern NC 
during the ET of Matthew. Rainfall totals in a 
simulation with Appalachian Mountains are 
reduced but only because the storm moves 
faster in that experiment. Intensity of rain-
fall in that experiment is reduced by less than 
3%.

- Terrestrial and maritime convection ob-
served by WSR-88D during Matthew exhibit-
ed distinct differences. Land convection (also 
located in a region of stronger mesoscale 
forcing for ascent) tended to usually be deep; 
oceanic convection exhibited a bimodal dis-
tribution that included echoes only 4-6 km 
deep.

- Differential reflectivity (ZDR) in oceanic 
echoes demonstrates a peculiar extension of 
its distribution at low-levels to above 1 dB. 
Such high ZDR echoes over land are not as 
common. As oceanic convection moves clos-
er to land, it tends to lose the high ZDR signa-
ture. What causes this remains unclear.


