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1. Project Overview 4. Benchmark High Resolution Hindcast Simulations Table 1: E35M configuration (10 year duration). 7. 2D Hadley Circulation Modeling to Test FIVE for E3SM v4
Thin clouds, i.e., stratocumulus and cirrus clouds, are poorly represented in state-of-the-art global models Fig. 4 and 5 show bias in low cloud amount and shortwave radiative forcing for a 10-year simulation of E3SM v1 (72 levels; 1 degree mesh; Control) as well _ _ _ Simulated E3SM v4 (aka. SCREAM) will run as a global cloud system resolving model (3 km horizontal mesh) with non-hydrostatic
like E3SM. This SciDAC project aims to improve representation of boundary layer clouds, as well as as doubled, quadrupled, and octupled vertical resolution below 700 hPa (Table 1). The low cloud amount for Control is too small: the stratocumulus regions Case |Levels E3SM time | Micro. And CLUBB | Deep convective year per day dynamical core and new physical parameterizations such as SHOC (Bogenschutz and Krueger, 2013) for turbulence and P3
cirrus clouds, by implementing a new computational framework, Framework for Improvement are too dark and the trade cumulus regions are too bright. Increasing vertical resolution in the boundary layer generally results in increased low cloud step (s) time step (s) time scale (s) (1024 cpus) (Morrison and Milbrandt, 2015) for microphysics. To assess the benefits and potential difficulties of using FIVE in GCSRM, we
by Vertical Enhancement (FIVE; Yamaguchi et al. 2017), into E3SM. FIVE is a novel method that amount, and more reflective marine stratocumulus and less reflective trade cumulus. Especially with octupled resolution, the biases are significantly have used an upgraded version of SAM to model the Hadley circulation in a North-South, 2 dimensional computational domain.
contains elements of the nested grid method, the multigrid method, and the multiscale modeling reduced. An equivalent set of simulations for high clouds at levels 400 hPa to 50 hPa is currently running. CNTL /2 1800 300 3600 4.6
framework, and is based on the fact that improvement of representation of these clouds can be gained by _ _ _ _ . _ DOUB| 93 900 300 3600 2.5
simulating them with high vertical resolution. Our goal is not only to implement FIVE into E3SM, but also _The runs with doubled, quadr_upled,_ and octupled cases FEC!UIFEd changes in the h_ost (E3SM) and CLUI_38 timestep for stablllty_ (Table 1). A sc_en5|t|V|ty_ test to
to evolve FIVE into a computationally efficient version by adding a capability of dynamically timestep for the standard cpnflguratlon (72 levels) was carried _out in order to_eluudate any potential differences that are coming from changing the time step QUAD | 123 600 200 3600 0.83
adapting vertical resolution depending on the atmospheric state (Adaptive Vertical Grid; AVG). (Table 2; Fig. 6) The test shows that deCI‘eaSIng timestep Iin the standard 72 level E3SM tends to reduce low clouds. OCT 194 300 100 600 0. 125
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Task 1 implements FIVE into E3SM v1 and its single column model. - B Table 2: Co?;lnglg?/’go-n; ;oe;’ﬁlréwf"s;cteigns)en5|t|V|ty test
Task 2 refines the existing FIVE with SAM coupled with E3SM v4 physics (SHOC, P3, RRTMG). "l e XS o " Z§§ 300 ' ' Benefits of 2D modeling
Task 3 works on computational aspects of AVG. "B 5, £ 55.0 00 E3SM time | Micro. And CLUBB | Deep convective e Simple — easy to prepare the simulation, easy to describe the phenomena
Task 4 develops resolution criteria for AVG. s S \ 35.0 500 Case step (s) time step (s) time scale (s) e Lightweight - computationally inexpensive, easy for file I/O and analysis
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FIVE is summarized in Figs. 1 and 2 below. In Yamaguchi et al. (2017), a prototype version of FIVE o -5 | -t I U v A e ) R R M T T T &W e CNTL300 300 100 3600 . gﬁteiglilza;’?igar: \?v?tljhnsjgrdca()tgdlglon ERAS
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Randall 2003), shows dramatic improvement for drizzling stratocumulus clouds in, for instance, inversion Ry~ ek ) S oo [ O, BF L N\ o T o N (o | CNTL300deep 300 100 600 Remarkably small computational resources are required for a realistic Hadley circulation in the 2D framework.
height, cloud water path, rainwater path, and various vertical thermodynamic profiles. FIVE also has the s IR Sy “* - C - Ores s {5 Ly . Lo ws] \_/ P ey !60,0 e 50 days of time integration can be done with 4 days of CPU time with 512 cores
potential to improve representation of cirrus clouds and mixed phase stratocumulus. One notable s [P EPPRR i . ws < 'ggg s e ﬁ v. | <- 8 o e The Hadley circulation appears by the 20th day for initial conditions at rest.
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