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Motivation

Previous GFS (v14) had issues in continental environments:
• Boundary layer too warm+dry in warm-season thunderstorm environments
• More broadly, however, it can be too cool and moist (Han et al. 2016)

2100 UTC 16 July 2016 2-m Td bias (obs – 21-h GFS fcst; °F)

Amarillo, TX 0000 UTC 17 July 2016 – obs
(purple), 24-h GFS fcst (red/green)



Hypothesis

The FV3 will have similar issues to the previous 
GFS because the dynamical core update does not 
adequately address boundary layer processes that 

lead to issues in the continental warm-season, 
thunderstorm-supporting environments.



Methods

• We evaluate model-forecast vertical profiles from the spectral 
(v14) and FV3 (v15.1) GFS versions during the May-June 2019 
parallel period.

• Forecast cycles considered: 0000 and 1200 UTC
• Forecast lead-times considered: 0-, 12-, 24-, and 36-h
• Focus given to profiles in thunderstorm- and fire-supporting environments

• Caveat: data assimilation is tied to the spectral version of the GFS; 
this ensures a consistent initial analysis but introduces biases from 
the spectral model to the finite-volume forecasts.



Results: 0000 UTC Initializations

Moist bias in the 
entire vertical profile 
in both versions

Cold bias near the 
surface in the finite-
volume core

Presenter
Presentation Notes
This figure shows the vertical profile of temperature and dewpoint temperature bias and mean absolute error of FV3 and GFS at forecast hours 0, 12, 24, and 36 initialized at 00 UTC. The dots on the side represent the statistical significance (different from zero) of that level, as assessed using the two-tailed, nonparametric Wilcoxon signed-rank test. The FV3 and Spectral GFS profiles do not differ very much and there is a more pronounced cold bias in the FV3 at the 12 & 24 hr forecasts. 



Results: Surface-Based CAPE > 100 J/kg

Cold bias near the 
surface

Presenter
Presentation Notes
SB CAPE > 100 J/kg with 0000 UTC initializationCold bias still present near the surfaceProfiles still similarDry bias at the 12 UTC times in the lowest 3.5 km



Results: Mixed-Layer CAPE > 500 J/kg
*FV3 only; from 
May – Nov 2019

Cold bias up 
to 1oC

Dry bias in the 
lowest levels

Presenter
Presentation Notes
ML CAPE > 500 J/kg from only FV3.Cold bias present at the sfc still presentToo dry up to 3-4 km (at 12-h and 36-h; only to ~1.5 km in the 0-h analysis and 24-h forecast)We hypothesize that the temperature is not too warm because of the large cold bias that is needed to be overcome (note the reduced cold bias at 0- and 24-h after daytime heating vs. 12- and 36-h in early morning)



Key Takeaways Thus Far

• There is evidence supporting both the Han et al. (2016) and the 
Storm Prediction Center findings – the latter primarily for 
thunderstorm-supporting environments.

• There are no significant differences in model-derived vertical profiles 
between the spectral and finite-volume cores of the GFS (hypothesis 
is not rejected).

Presenter
Presentation Notes
The change of dynamical core and vertical level structure in the upgrade to GFS v15.1 (now v15.2) is insufficient to address the model's issues with predicting vertical profiles and associated thermodynamic parameters in warm-season thunderstorm-supporting environments.One point to note: we didn't actually show the test of one model vs. the other. It's clear looking at the results, however, that the two versions of the model generally track well with each other. It's only with temperature near the surface, particularly at 12- and 36-h (from these 0000 UTC forecasts), where meaningful differences exist, with the spectral/old version of the GFS generally doing better in those cases.



Motivation

• Boundary-layer structure is predicted using either an eddy-diffusivity 
(stable), countergradient (neutral/weakly unstable), or mass-flux 
(strongly unstable) formulation in GFS v14/15.x (Han et al. 2016).

• Environment-based stratifications can help isolate these stability 
conditions, but they are not bulletproof.

• Can we objectively classify soundings by the boundary-layer 
structures that typically emerge under these stability conditions? 

Presenter
Presentation Notes
#1: We would like to find a way to objectively classify these environments#2: ML CAPE can provide insight into a potentially unstable environment, but is not a guarantee#3: Stable conditions are likely to have near-surface inversion or inversion-like structures (e.g., nocturnal inversions, or more generally nighttime with zero buoyancy). Unstable conditions are likely to have near-surface mixed layers of varying depths, as driven by varying degrees of buoyancy, whether they occur at high elevations in summer or lower elevations in spring/fall.



Methods

Presenter
Presentation Notes
Sounding from Alaska. Allows us to normalize soundings so we can group sounding structures together.



Methods

• 16,344 observed soundings from 
May – Nov 2019 across the United 
States are normalized and examined.

• Singular-value decomposition is used 
to obtain the leading EOFs and PCs 
(temperature only), with k-means 
clustering used to identify patterns 
in these data.

• Composite-mean profiles for each 
cluster are calculated to visualize the 
leading environments.

Presenter
Presentation Notes
The previous analysis was a subjective analysis. Now we are going to look at an objective way of classifying soundings for (primarily) buoyancy-driven turbulence.



Results

Presenter
Presentation Notes
K=4 allows for the most robust solution in terms of separating the data, namely by adding the distinct cluster 3 (k=2 and k=3 only separate by EOF-1, while k=5 only partitions clusters 1, 2, and 4 further along EOF-1).



Results

Normalized Temperature (°C)

Presenter
Presentation Notes
Normalized temperature is the right profiles and dewpoint is the left profiles.The cluster 1 mean resembles a shallow mixed layer capped by an inversion The cluster 2 mean resembles a near-surface inversion.The cluster 3 mean resembles a shallow, uncapped mixed layer (given the similarity to cluster 1 near the surface and normalized T/Td profiles both negative above ~1.75 km AGL – implying an ascending parcel would be positively buoyant).The cluster 4 mean resembles a deep(er) mixed layer.



Future Work

• Multivariate EOF and/or self-organizing map (SOM) analyses based on 
temperature and dew-point temperature.

• Verify soundings within each EOF- and/or SOM-based cluster to 
assess the extent to which forecast error stratifies by sounding 
structure(s).

• Repeat for the GFS v15.x to v16 upgrade, which includes changes to 
the PBL parameterization (scale-aware TKE-based EDMF) and vertical 
resolution (doubling the number levels, higher model top).

Presenter
Presentation Notes
if we can demonstrate proof-of-concept for this sounding classification and clustering technique, it may be something that other model evaluators may wish to use, or even include in public packages like MET. It can also help focus model developers' efforts on the parameterization components likely to have the largest impact to the forecast characteristics we highlight in our results. 



NWS/OSTI 2018 Federal Funding Opportunity (FFO) Project

Evaluation of GFS-FV3 Vertical Profile and Thermodynamic Environment Fidelity

What are your capstone delivery, outcome, accomplishments?
• SPC has completed and continues to conduct operational and, joint with NSSL, testbed evaluations of 

operational GFS (v14, 15.x; using EMC physics) and limited-area regional FV3 (EMC and GSD physics) 
forecasts.

• We completed an evaluation of 12-, 24-, and 36-h forecast vertical profiles from the EMC Advanced Physics 
evaluation (winter-spring 2019). Our findings support the decision to upgrade the PBL parameterization to the 
scale-aware TKE-based EDMF parameterization (suite 2); full details are available upon request.

• We completed an evaluation of 0-, 12-, 24-, and 36-h forecast vertical profiles from the spring 2019 parallel 
period (GFS v14 vs. GFS v15.1). Our findings, reported on in this presentation, indicate that the dynamical 
core upgrade does not result in a significant change to the model’s forecast representation of PBL structure 
(and associated thermodynamic parameters) in warm-season, thunderstorm-supporting environments.

Results/Figures/Highlights
• Please refer to the full UFS Users Workshop presentation for full details; brief details are provided above.



Extra Slides



Results (Norm July)



Results (Norm July)



Results (All Raw)



Results (All Raw)


	An Evaluation of Vertical Thermodynamic Profiles and Derived Stability Parameters from Parallel FV3- and Spectral-Model GFS Forecasts
	Motivation
	Hypothesis
	Methods
	Results: 0000 UTC Initializations
	Results: Surface-Based CAPE > 100 J/kg
	Results: Mixed-Layer CAPE > 500 J/kg
	Key Takeaways Thus Far
	Motivation
	Methods
	Methods
	Results
	Results
	Future Work
	NWS/OSTI 2018 Federal Funding Opportunity (FFO) Project�Evaluation of GFS-FV3 Vertical Profile and Thermodynamic Environment Fidelity
	Extra Slides
	Results (Norm July)
	Results (Norm July)
	Results (All Raw)
	Results (All Raw)

