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Abstract

Convection, turbulence, clouds, and precipitation occur across
a wide range of scales, from hundreds of kilometers to
hundreds of meters, and clouds at all scales strongly influence
weather. Small shallow cumulus strongly affect the planetary
albedo and produce a significant amount of precipitation, while
turbulence and cloud processes largely control the radiatively
significant transition between stratocumulus and shallow
cumulus. Deep convection produces a large fraction of the
Earth’s precipitation. The stratiform clouds generated by
cumulus detrainment are important radiatively. The interaction
between (relatively) large- and small-scale processes is also
important: the diurnal cycle of precipitation over land, which
essentially all weather and climate models simulate poorly, arises
through interactions among the turbulent boundary layer,
shallow cumulus convection, and deep cumulus convection.
Representing the interactions between turbulence, clouds, deep
convection, and radiation are of key importance for predicting
weather and climate.

Global models parameterize the effects of processes that
occur on scales near or below the horizontal grid spacing,
including turbulence, convection, and associated cloud and
radiation processes. Current global forecast models use grid
spacings of a few tens of kilometers; in the next few years the
mesh size is expect to be less than ten kilometers.
Conventional parameterizations of deep convection rely on
assumptions that are fundamentally inconsistent with such high-
resolution models. Smaller clouds such as shallow cumuli,
however, will not be even partially resolved in the foreseeable
future. Developing parameterizations that work well across a
range of parameterized and explicit phenomena is a significant
challenge.

Our hypothesis is that the NCEP global models can be
improved by installing an integrated, self-consistent description
of turbulence, clouds, deep convection, and the interactions
between clouds and radiative and microphysical processes. We
therefore propose a CPT to unify the representation of
turbulence and SGS cloud processes and to unify the
representation of SGS deep convective precipitation and grid-
scale precipitation as the horizontal resolution decreases. Both
of these unifications are physically based and both have been
extensively tested against LES and CRM results.

We will improve the representation of small-scale phenomena
by implementing a PDF based subgrid-scale turbulence and
cloudiness scheme that would replace the boundary layer
turbulence scheme, the shallow convection scheme, and the
cloud fraction schemes in the GFS and CFS. We will improve
the treatment of deep convection by introducing a unified
parameterization that scales continuously between the
simulation of individual clouds when and where the grid spacing
is sufficiently fine and the behavior of a conventional
parameterization of deep convection when and where the grid
spacing is coarse. WVe will improve the representation of the
interactions of clouds, radiation, and microphysics in the
GFS/CFS by using the additional information provided by the
PDF-based SGS cloud scheme. The team will evaluate the
impacts of the model upgrades with metrics used by the NCEP
short-range and seasonal forecast operations.

Project Summary

® The goal is to unify
the representation of
turbulence and SGS
cloud processes and
to unify the
representation of
SGS deep convective
precipitation and grid-
scale precipitation as
the horizontal
resolution decreases.

PDF-based SGS turbulence

®* Wewillinstalla
PDF-based SGS
turbulence and
cloudiness
scheme that will
replace the
boundary layer
turbulence
scheme, the
shallow convection
scheme, and the |
cloud fraction
schemesin the
GFS and CFS.

Simplified Higher-Order Closure (SHOC)

® SHOC integrates several existing components:

= A prognostic SGS TKE equation. The assumed PDF
method of Golaz et al. (2002): joint double-Gaussian PDFs

of vertical velocity, liquid water potential temperature, and

total water.

= The diagnostic second-moment closure of
Redelsperger and Sommeria (1986).

= The diagnostic closure for <sw'w’w’> by Canuto et al.

(2001).

® A turbulence length scale related to the square root of
SGS TKE (Teixeira and Cheinet 2004) and eddy length

scales. We implemented SHOC in a CRM and tested it
extensively against LES (Bogenschutz and Krueger 2013).

® Bogenschutz also implemented SHOC in a GCM that uses

the Multiscale Modeling Framework (MMF) which embeds a

2D CRM in every GCM grid column.
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Evolution of the horizontally averaged profiles of cloud fraction from the first day of the
stratocumulus- to-cumulus transition simulation. Benchmark simulation used Ax=Ay=50m

and 145 vertical levels.The 2-D CRMs used Ax=3200m and 145 vertical levels.
(From Figure 4, Bogenshutz and Krueger , 201 3)
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Evolution of the horizontally averaged profiles of cloud fraction for the stratocumulus-to-
cumulus transition simulation for all 7 days. (top) LES used Ax=Ay=50m and 145 vertical

levels. (bottom) The 2-D CRMs used Ax=3200m and 50 vertical levels with Az=150m below

3000 m. (From Figure 6, Bogenshutz and Krueger, 201 3)

Investigators
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Horizontally and temporally averaged profiles of (top) liquid water mixing ratio (ql), and (bottom)
precipitation rate averaged over the last 4 h of 2-D RICO simulations for various horizontal grid
sizes in a domain of length 102.4 km with Az=100 m. LES configuration (black line) uses
Ax=Ay=100m and Az=40m in a domain of area 6.4 km2. (left) SAM-LOC (standard configuration
of SAM) profiles and (right) SAM-SHOC profiles. (From Figure |, Bogenshutz and Krueger, 201 3)

SP-CAM-SHOC Simulations Performed

* AMIP simulations: use 2-degree resolution for the host model (CAM)
using FV dynamical core, with prescribed S5Ts

* Al simulations: CRM dx = dy = 4 km, dt = 20 s, with single-moment

microphysics option

*  For SP-CAM and SP-CAM-SHOC a series of AMIP simulations
were performed invariety of domain sizes for the embedded CRM

* Standard configuration (nx = 32, ny =1, nz = 28) 10 years

* Small 3D configuration (nx =8, ny = 8, nz = 28) 10 years

* Large 3D configuration (nx = 32, ny = 32, nz = 28) 1 year

*  Preliminary 25-year coupled simulation performed with SP-CAM-
SHOC with small 3D configuration. Tuning will be required to reduce

0.5 Wim?2 TOA imbalance.
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Unified Cumulus Parameterization

® We hope to improve
the treatment of deep
convection by
Introducing a unified
parameterization that
scales continuously
between simulating
individual clouds on
fine grids, and the
behavior of a
conventional
parameterization of
deep convection on
coarse grids.

A CPT for Improving Turbulence and Cloud Processes in the NCEP Global Models

Steven K. Krueger (U. of Utah), Shrinivas Moorthi (EMC/NCEP), Robert Pincus (U. of Colorado), David A. Randall (CSU), Peter A. Bogenschutz (NCAR), Fanglin Yang (EMC/NCEP)

Goal

® Grow individual clouds

when/where the resolution is
high.

® Parameterize convection
when/where resolution is low.

® Continuous scaling.

® One setofequations, one
code.

® Physically based.

Plan

@ The conventional
parameterization of Chikira and
Sugiyama (2010) will be used:

A Multiple cloud types
A Predicted vertical velocity
A Prognostic closure

@ Chikira’'s parameterization will be

modified following the approach
describedin Arakawa and Wu
(2013)and Wu and Arakawa
(2014).
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Interactions of Clouds, Radiation, and
Microphysics

® We hope to
Improve the
representation of
the interactions of
clouds, radiation,
and microphysics
in the GFS/CFS
by using the
additional
iInformation
provided by the
PDF-based SGS
cloud scheme.
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Treating cloud variability in radiation

Radiation in the GFS uses "RRTMG” which in turn treats
fractional cloudiness with MclICA (Monte Carlo Independent

Column Approximation).

McICA approximates broadband radiation calculations over a
distribution of cloud properties with a single broadband
calculation over a discrete set of random samples.

The variability in cloud properties predicted by SHOC can be
included equally accurately at near-zero expense.

Global systems managed by the Global Climate and Weather
Modeling Branch of EMC

The Global Spectral Model of the atmosphere (GSM)

Operational Models — GFS/GEFS :

Deterministic - Eulerian T574 - L64 hybrid sigma-pressure (~27km)
Probabilistic - Eulerian T254 - L28 hybrid sigma-pressure (~60km)

Under parallel Test:

Deterministic - Semi-Lagrangian T1534 - L64 hybrid sigma-pressure (~13km)
Probabilistic - Semi-Lagrangian T574 - L42 hybrid sigma-pressure (~35km)

By 2017, the deterministic model is expected to have a resolution of T2046 (SL) (~|0km)

The Climate Forecast System

Operational Models - CFSV2:

Eulerian T126 - L64 hybrid sigma-pressure AM
GFDL MOM4P0 — L40, 0.5 degree OM

Noah 4 layer LM

MPMD Coupler

CFSV3 — expected to be implemented ~ 2020 :
(potential configuration)
Under NEMS infrastructure (using ESMF and NUOPC)
T382 (Eulerian) or T574 (semi-Lagrangian), ~ 128 Layer AM

GFDL MOM5 or NAVY HYCOM OM ~ 0.25 degree and 60 layers
Coupler using ESMF/NUOPC under development (ESMF and NEMS teams)

Implementation Plan for the new Physics

Implement in the NCEP Single Column Model and test, tune and evaluate using ARM data

Implement in the NCEP GSM and test, tune and evaluate using the standard EMC procedure
(including cycled data assimilation/forecast tests) — detailed procedure at:
http://www.emc.ncep.noaa.gov/Transition ToOp/Requirements/NCEPmodel.t2o.criteria.jan2007.pdf

Implement in the NCEP Coupled Model and test, tune and evaluate for climate applications —

seasonal prediction and long coupled climate runs - detailed procedure documented at :
http://www.emc.ncep.noaa.gov/TransitionToOp/Requirements/Research_to_Operations_Guidelines_for_t
he_Clmate_Forecast_System.dec2008.doc

Please also see
http://www.emc.ncep.noaa.gov/Transition ToOp/TransitionProcess/Transition_Steps_%28Modeling%29.pdf

ARM - Atmospheric Radiation Measurements
ESMF - Earth System Modeling Framework - see http://www.earthsystemmodeling.org/
HYCOM - Hybrid Coordinate Ocean Model (see http://hycom.org/)

MOMP3PO - GFDL Modular Ocean Model version 4.p0

MOMS5 - version 5 of GFDL MOM (see http://www.gfdl.noaa.gov/ocean-model)

MPMD - Multiple Program Multiple Data

NEMS - NOAA Environmental Modeling System — see
http://www.emc.ncep.noaa.gov/index.php?branch=NEMS ESMF

NUOPC - National Unified Operational Prediction Capability —a Consortium of Navy, NOAA, and Air

Force modelers.
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