
Physics Test Harness 

Steps 
1. Developer 

connects scheme 
to IPD with tech. 
support from 
DTC


2. Developer uses 
test harness 
tools to provide 
evidence of 
improvement


3. Developer/DTC/
NOAA EMC 
collaborate on 
formal test plan


4. Developer/DTC/
NOAA EMC carry 
out test plan


5. Results of test 
plan are provided 
to governing 
body for CCPP 
inclusion decision

Evaluation of an advanced convective scheme using the Global Model Test Bed's physics test harness

Motivation 
Working through the Developmental Testbed Center, the initial 
focus of the Global Model Test Bed (GMTB) is to develop a 
framework to evaluate advancements in physics 
parameterizations for future use in operational NWP. Such a 
framework consists of an Interoperable Physics Driver (IPD), a 
Common Community Physics Package (CCPP), and a physics 
test harness. All three components are under active 
development. This poster provides a look at the initial use of 
the physics test harness to evaluate the untuned Grell-Freitas 
convective parameterization (Grell and Freitas, 2014). 
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•Common infrastructure 
for testing physics 
development

•Simple-to-complex 
progression, conceptually 
and computationally

•Researchers can “enter” 
test harness at whichever 
level is appropriate


New Scale-
aware 

Convection

New PDF-based 
Turbulence and 

Convection 

Developer uses provided documentation to connect scheme with 
IPD and modify a physics suite in the CCPP with the new scheme

Physics
Test

Harness

Change 
Review 
Board

CCPP

The Change Review 
Board curates the 
schemes within the 
CCPP to include a 
small subset of high-
performing schemes 
for multiple NWP 
applications
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Methods and Tools 
The goal of this study is to preliminarily evaluate an untuned version of the Grell-Freitas 
convection scheme as a potential replacement of the convection scheme  (scale-aware 
simplified Arakawa-Schubert or SASAS) in the 2017 operational GFS physics suite. 

Research-to-Operations Pipeline 

New Aerosol-coupled 
Double Moment 

Microphysics
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Summary 
• Point 1
• Point 2
• Point 3

SCM Results 

Global Results 
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For the maritime case, G-F produces weaker convective tendencies, leaving the grid-scale microphysics scheme to do more 
“work” to balance the forcing. Interestingly, for the continental case, convective tendencies and microphysics tendencies are 
both stronger. It appears the SASAS scheme had less PBL moisture to work with, resulting in less-active convection.
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Parameterization Simulator

Limited Area Domain

LR/MR Global Reforecast/Forecast

Coupled/Tuning/Climate Modes

Single Column Model

Physics Testing Hierarchy

Physics Dev.

DTC

Operational 
Centers

Responsibility 
Legend

LR/MR Global DA Mode

Operational Pre-Implementation

Provided by the DTC… 
• documentation and access to IPD and CCPP code

• support for developers to connect schemes

• SCM code, supported case catalog, ability to compare with 

observations and operational GFS physics suite

• Support for running operational global model (GFS now, FV3-

GFS soon) in cold start and cycled DA mode on Theia

SCM 
Two deep convective cases:

Global (Cold-start and Cycled) 
• Three configurations


1. cycled operational GFS suite with SASAS

2. cycled modified GFS suite with G-F

3. cold-start modified GFS suite with G-F


• All use T574 grid

• 15 runs initialized at 00Z from June 1, 

2016 to June 15, 2016
• fixed SST 

(interactive surf. flux)
• prescribed hor. 

advective tendencies
• prescribed vertical 

velocity
• nudged u, v
• 100-member forcing 

ensemble

Maritime (TWP-ICE) Continental (ARM 
SGP Summer 1997)

Forcing Method

• prescribed surf. flux
• prescribed hor. 

advective tendencies
• prescribed vertical 

advective tendencies
• nudged u, v

Global Workflow

Workflow Supplied by EMC
ü GMTB keeping pace with EMC
ü GMTB & EMC collaboration

GMTB Workflow
ü Highly flexible and 

configurable
ü Python for graphics
ü DTC’s Model 

Evaluation Tools for 
verification

Analysis Periods
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Figure 1. Time series of the observed surface precipitation rates during the summer 1997 Intensive Observing
Period. Labels A, B and C show the three subcases selected in the study.

local time (here local noon corresponds to 1700 UTC) and moved south-eastward across
the SCM domain during Days 180–181. The strong convective complex affected the
major parts of the SCM domain. This convective event was well captured by the ARM
sounding array.

Subcase B contained three precipitation events. The érst one (Day 190) was related
to a complex of thunderstorms that developed in south-eastern Kansas during the
evening of Day 190 and moved south-eastward into south-western Missouri and north-
eastern Oklahoma overnight. Only the northern edge of the ARM sounding array
experienced heavy rainfall judging from the Arkansan Basin Red River Forecast Center
(ABRFC) 4 km WSR-88D radar precipitation estimates (not shown). The other two
precipitation events (Days 191 and 192) were more localized. They were associated with
a developing upper-level trough that extended south-eastward over the North American
continent. The southern edge of the trough moved across the SCM domain and brought
in a moist and unstable air mass to the area. The large-scale circulation and diurnal
heating allowed isolated/scattered showers and thunderstorms to develop within the
SCM domain in late afternoon and evening during Days 191 and 192.

Subcase C experienced one very weak precipitation event on Day 195 and two
consecutive precipitation events over the last three days. The weak precipitation event
was associated with isolated thunderstorms along with a slow moving cold front. The
convective system developedwithin the SCM domain, however, it only occupied a small
part of the SCM domain; most of the SCM domain was clear. The second precipitation
event on Day 196 was associated with a trough of low pressure moving eastward into
the SGP site. A complex of thunderstorms started to develop early in the morning of
Day 196 in the north-western part of the SCM domain and then slowly moved over
the entire domain. The third precipitation event was associated with a nearly stationary
upper-level trough that developed and extended south-eastward across the SGP site.
Thunderstorms developed during the evening between Wichita, Kansas and Ponca City,
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Maritime Deep Convection (strong forcing) Continental Deep Convection (weak forcing)

Physics Tendencies

Water Vapor and Clouds

Precipitation

For both cases and for all analysis periods, the GFS suite with G-F produced profiles with a higher moisture content and 
higher cloud fractions in the mid-troposphere and below compared to the GFS suite with SASAS.

The suite with G-F 
produced a much 
lower convective 
precipitation ratio 
than the suite with 
SASAS.

For the continental 
convection case, 
the SASAS suite 
produced 
convective cloud 
water but very little 
precipitation, while 
G-F produced 
reasonable 
amounts.

water vapor tendencies (g/kg/day)temperature tendencies (K/day) temperature tendencies (K/day)

Red = forcing
Blue = convection
Purple = microphysics
Green = PBL

Red = GFS-SASAS
Green = GFS-GF
Black = Obs

Convective Precipitation Ratio

Total Precipitation Rate

G-F low cloud cover increase
Diagnostics

Globally-averaged low cloud amount

Red = GFS-SASAS
Green = GFS-GF (cold start)
Blue = GFS-GF (cycled)

Zonally-averaged low cloud amount

Shortwave radiation at TOA

Convective precipitation ratio

Globally-averaged total precip.

Globally-averaged 
convective precip.

Global trend in water cycle

Verification

The increased 
low cloud signal 
carries over to 
the global runs. 
Increased low 
cloudiness 
accounts for 
about 15 Wm-2 in 
reflected SW at 
TOA.

The reduced convective precipitation ratio with the GFS-GF suite also 
carries over to global runs. In addition, global precipitable water in that 
suite increases at about twice the rate of the GFS-SASAS suite.

Cycled vs Cold Start

The G-F modified suite reduces temperature biases over NH at 5 and 10 days, 
but increases temperature bias in the tropics at both lead times. Two-meter 
temperature shows a somewhat reduced range and tends to warm up more 
slowly during the day than the operational suite.

A previous test using cold 
starts with the G-F modified 
suite was compared with the 
cycled runs from this test. 
Somewhat surprisingly, cycling 
seemed to produce little 
difference. The greatest 
differences are seen in the 
tropics (right), but little 
statistical significance is 
reported.
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