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* Implement a new Exponential (EXP) cloud overlap method — that better matches %
observations - in the RRTMG radiation code developed at AER for Hurricane WRF (HWRF) 3 12
* Investigate effects of EXP method on: Fig. 3 — HWRF forecast errors with respect to six-hourly GFS analyses of 200-mb height (m) and wind (standard —24-
notation, 10 kn=barb) using a) MR and b) EXP cloud overlap, averaged over single HWRF 48-120-h forecast initialized SKILL PLOT RELATIVE TO THE H18C MODEL
» large-scale meteorological fields and radiative heating rates: at 1200 UTC 28 September 2015 and valid between 1200 UTC 30 September 2015 and 1200 UTC 3 October 2015. 12 924 38 48 60 72 84 98 108 120
Shown are 1200 UTC 3 October best track (L) and forecasted positions of Joaquin in MR (M) and EXP (E). FOASE24S 233 23 0 et ad Hoy (hr) we 18 1% W
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Example of HWRF_forecast errors with res_,pect to 0.25-degree GFS analyses (Fig. 3) showg _overall spatial pattern is 1517 FV2017 HWRF
preserved, but Hurricane Joaquin for EXP is located 160 km to the southeast of the MR position 24| === H18C: H218 jet baseline
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ol o - | uses overlap that transitions 45N-§fﬁ‘,___}:: e a2y 30N ¢ Fig. 6 — Relative skill (positive=reduced errors) of 2018 HWRF candidate using
5o i | exponentially through cloud block from =7 A A EXP cloud overlap scheme (H18R, blue) versus 2018 HWRF baseline (H18C,
i « I | Mmaximum to random (Fig. 1b): AN =M green). (Note that SSMI channel 2 data were not assimilated in 2018 cases)
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overlap differences for a single block of cloud layers (top - NI W50 ™ g . *EXP cloud overlap scheme reduces track and intensity errors by ~3-5%,
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panels) with cloud fraction indicated by the gray boxes and _ _ 25 oot | especially within first 48 h of simulations (Fig. 6)
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between default Maximum-Random overlap (MR, left) and SN Dbserved: Bogtning 2016150700, overy 12 hours
new Exponential (EXP, right). Fig. 5 — As in Fig. 4, but for a) track of Hurricane Matthew _
N (2016) initialized at 0000 UTC 7 October 2016. Forecasted and Conclusions and Future Work
-~ observed sea-level pressure intensity (mb) is shown in panel b). o | T S el [LGTSE BTE
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Changes tO Heatl ng Rates : Influence on storm track and intensity was investigated for a number of radiation code was updated from Maximum-Random (MR) to Exponential
‘Use of EXP initially changes 21N Atlantic and Eastern Pacific basin storms in 2015 and 2016 (EXP)
the spatial pattern of heating =
rates in grid boxes with partial 1EN- Totrerel «Small, statistically insignificant, track error improvements seen with EXP for -Preliminary tests of EXP indicate substantial changes to the radiative heating
clouds, but these changes set of Atlantic TCs rates in both the storm environment and the synoptic-scale fields
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Forecasts: Beginning 2015092800  *Overall track and intensity errors for Matthew slightly larger with EXP -Overall, track and intensity improvement for test storms is ~3-5%; individual
Effects are more likely in spiral ||Observed: Beginning 2015092800, every 12 h forecast cycles, however, can exhibit substantial track and intensity sensitivity
bands of weaker or developing Fig. 4 — Forecasted track for Individual runs can exhibit profound track changes when a poorly organized
TCs, or outside the central Hurricane Joaquin (2015) using TC is embedded within a diffuse steering flow; use of EXP (red) improved the 2018 HWRF (H218, running WRF v3.9.1.1) will use the EXP scheme
dense overcast of mature 2015 operational HWRF (green), track (Fig. 4) compared to MR (blue) for Joaquin
storms 2016 operational HWRF with MR | *Future work with DTC and EMC wiill:
cloud overlap (blue) and 2016 *Track changes can be smaller when a strong TC, such as Matthew, is - Investigate effect of EXP and further-refined Exponential-Random (ER)
«Cloud-free or partial-cloud HWRF with EXP cloud overlap embeddeq In a weII-dgfmed steering flow (Fig. 5a); intensity forecasts are method on storm track, intensity and larger-scale fields for more TCs
s ¥ ; . > > ; R regions, which permit longwave || (red). Best track is shown in black.  Modestly improved (Fig 5b)  Analyze effect of using a spatially-variable decorrelation length that
Fig. 2 — Longwave heating rate (K/day) at ~900 mb for Hurricane ¢ ing of the atmosphere, Initialization of HWREF is at 0000 depends on latitude
Joaquin using a) MR cloud overlap and b) EXP cloud overlap, exhibit differences in MR (Fig. UTC 28 September 2015. Symbols  *However, even modest track changes can be important in forecast scenarios . Make EXP and ER overlap methods available in (H)WRF public
valid at 1200 UTC 2 October 2015, and initialized a.t 0600 U_TC 2a) compared to EXP (Fig. 2b) are plotted every 12 h. with large societal vulnerability (Fig. 5a), such as with Hurricane Matthew as it releases
28 September 2015. Red (blue) colors denote heating (coollng). for Hurricane Joaquin approached SE FL as a category 4 storm
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