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Final Progress Report Summary 
 
No additional work was completed during the final reporting period due to the 
departure of Dr. Weatherhead. 
 
Work continued at an accelerated pace on addressing verification metrics for different 
geographic areas and for non-standard parameters such as waves, land surface, hydrology and 
sea ice. Dr. Weatherhead, the PI, retired on February 28, 2018 and transferred the remainder of 
the work to the sub-contractor, the National Center for Atmospheric Research, where the work is 
continuing. NCAR’s Developmental Testbed Center (DTC), under the direction of Dr. Tara 
Jensen, is continuing the remainder of the tasks.. This project, in part, evaluates the techniques 
incorporated in MET to see if they are state of the art statistical techniques for evaluation. 
Progress in the five areas of focused work are: 

 
1) Descriptive Forecast Verification; 

Report has been finalized on how to summarize verification statistics for forecast model 
evaluation. Key features of the report: all descriptive statistics are autocorrelated in a manner 
consistent within a geographic region and parameter type. 

 
2) Decision Support Statistics for Forecast Verification; 

Report has been finalized on how to evaluate decision support statistics for model comparison. 
Key features of the report: pairwise results can be evaluated making use of autocorrelated error 
components; number of runs needed depends directly on the size of the verification to be 
evaluated. 

 
3) Key Metrics for Non Atmospheric Parameters; 

Report has finalized on how to evaluate hydrological, land-use and wave forecasts. Results 
indicate that high spatial terrain techniques are needed for most non-atmospheric (hydrological, 
land-use and wave) forecasts. 

 
4) Descriptive Verification; 

Efforts are finalized on descriptive verification statistics for hydrological, land-use and wave 
forecasts. These build from what is currently being carried on in NOAA and results were 
presented to NWS at recent meeting. 

 
5) Decision Support for Non Atmospheric Parameters; 

Efforts are at mid-stage for decision support statistics for non atmospheric parameters. This 
effort is building from the descriptive verification statistics. The literature review is complete 
and initial data have been downloaded and examined. 

 
 
Communication of Results and Deliverables 



Presentation at TIES-GRASPA’ 27th Annual Conference of the International Environmentrics 
Society Joint with Biennial GRASPA Conference, July 24-27, 2017. Presentation: Evaluation of 
forecasts with imperfect data. 

Presentation at the 7th International Verification Methods Workshop. Presentation: 
Identification of Small lmprovements in Forecast Verification.  May 3-11, 2017. 
Science Conference Verification on Extreme Events, May 8-9. 

NGGPS Science Team Meeting 

Analysis summary: Hydrological Forecast Evaluation 

Analysis summary: Land Surface Forecast Evaluation 

Publication: Identification of small forecast Improvements, presented at AMS Annual Meeting, 
2018 

Publication: Planning observing systems of the future, presented at the AGU Fall Meeting, 2017 
 
Participated in and presented research on wave verification at the CLIVAR meeting on “Sea 
Level Rise and Coastal Impacts.” Presentation: evaluation of wave and hydro verification 
models. 



 
 
 

1. Key scientific accomplishments 
 

Identification of need for more expansive tests (AR1) 
 

Verification statistics can now be more robust and resultant error bars likely smaller because of the new 
understanding on the diurnal aspects of the errors in forecasting. The key scientific result is 
fundamentally a merging of what has been known about forecasting for some time, that forecast errors 
are dependent on time of day with the appropriate statistics that respect that. 



 
Caption: A plot of the RMS errors for temperature as a function of time of day for a single forecast run. 
This diurnal signature is characteristic of the model; the general tendancy is seen for most days. 



 
Caption: Forecast verification for temperature RMSE for five days in 2017. For these twelve hour 
sequential forecasts we see the negative autocorrelation (a high forecast error is more likely followed by 
a lower forecast error). 

 
The result of this negative autocorrelation in forecast error means that we can be more confident the 
average results for the accuracy of the forecast than standard statistics might indicate. In this case, 
because of the negative autocorrelation, the forecast error is smaller than if autocorrelation is ignored. 

 
We can also see from this plot that the variability in the daytime error may be smaller than for the 
nighttime errors, meaning that we may want to separate these forecast skill characteristics and develop 
separate metrics, each of which will likely have smaller error bars. 

 
Identification of the needs for Hydrology 

 

Non-atmospheric parameters: Hydrological Models 
NGGPS Verification 

 
Attendees: Brian Cosgrove, Tara Jensen and Betsy Weatherhead (on the phone) 

 
Perspective: Hydrological models are increasingly important to NOAA and the country as a whole. A 
number of parts of NOAA are involved in developing and testing hydrological models. Key input to GFS: 



hydrological modeling is an integrated part of GFS, with humidity, precipitation, soil moisture and 
surface fluxes being used as model inputs via data assimilation. 

 
Goals for hydrological models: The societal relevance of hydrological forecasting can not be under 
estimated. Both extremes in hydrological forecasts (droughts and floods), as well as standard 
hydrological forecasts are important. The hydrological efforts in NOAA are currently focused on North 
America which a strong focus on the CONUS. There are currently four modes of hydrological forecasting 
in NOAA: 

 
Near real time: hourly analysis with the HRRR. 

Short range –every hour powered by Rap. 

Medium—powered by GFS, run once per day, up to ten day lead time. 

Long—powered by CFS, (16 members) up to 30 day lead time. 

Timescales for verification: Hydrological forecasts on short term (0-24 hours) through to seasonal and 
climatic forecasts are important nationally and internationally. All twelve months of the year are 
important for examination, as are diurnal cycles of precipitation. Ideally, we’d like to capture some 
droughts and floods—perhaps this can be achieved with retrospective forecasts? 

 
Key parameters to examine: Precipitation and temperature will be the two most important parameters 
to look at from the global models. At a secondary level of importance, solar, wind speed, humidity, net 
long-wave radiation will have direct effects on hydrological forecasting. 

 

Evaluation approaches: 
 

Water Resource Evaluation Service (WRES) is a program, led by Mark Fresch, within NOAA to evaluate all 
water predictions. WRES is still in the planning stages. They plan to use R based software, open source. 
Betsy is happy to work with R programming and the WRES team. 

 
HEFS (Hydrological Ensemble Forecast System). It’s not a gridded model; it runs at the forecast centers 
and is a point type model. It currently uses the GEFS and does a broad range of verification. Brian 
indicated some concern about the future of GEFS. Tara indicated that METS’ initial challenge is to make 
sure that it can reproduce everything that GEFS did. 

 
The importance of proper verification of hydrological forecasting is large and the complexity is 
enormous. Likely, the best role of Betsy and Tara will be to coordinate the ongoing activities within 
NOAA’s Office of Water Prediction with the NGGPS process. A possible step forward would be to 
include some of the most important water metrics within MET so that tests on any global model 
configuration would automatically include some basic evaluations of some key hydrological outputs. 

 
An important, outstanding question is whether verification for NGGPS will include ensemble forecasting. 
If this is the case, who will do that? 



Data for Verification: Brian indicated that data could be currently downloaded from: 
http://water.noaa.gov/about/nwm; Betsy has verified that. Brian indicated that hydrological 
verification often occurs at the basin level—and there are 2.7 million basins that they will consider 
(roughly 1 square mile), however the 12 CONUS regions would be useful for verification. 

 
 
 

 

More specific forecasts can be understood in terms of time frames, with the National Water Center 
identifying 

General Framework: 
The NWM is run in four configurations: 

 
1. Analysis and assimilation: snapshot of current hydrologic conditions 
2. Short-Range: 15-hour deterministic (single value) forecast 
3. Medium-Range: 10-day deterministic (single value) forecast 
4. Long-Range: 30-day ensemble forecast 

 
Analysis and Assimilation: 
The Analysis and Assimilation configuration cycles hourly and produces a real-time analysis of the 
current streamflow and other surface and near-surface hydrologic states across the contiguous 
United States (CONUS). This configuration also produces a single model restart file which is used to 
initialize the 15 hour, 10 day and 30 day forecast simulations. Meteorological forcing data are drawn 
from the MRMS Gauge-adjusted and Radar-only observed precipitation products along with short- 
range RAP and HRRR. 

Forecast Ranges 
Short Range 

Forced with meteorological data from the HRRR and RAP models, the Short Range Forecast 
configuration cycles hourly and produces hourly deterministic forecasts of streamflow and hydrologic 



states out to 15 hours. The model is initialized with a restart file from the Analysis and Assimilation 
configuration and does not cycle on its own states. 

Medium Range 

The Medium Range Forecast configuration is executed once per day, is forced with GFS model 
output and extends out to 10 days. It produces 3-hourly deterministic output and is initialized with the 
restart file from the Analysis and Assimilation configuration. 

Long Range 

The Long Range Forecast cycles four times per day (i.e. every 6 hours) and produces a daily 16- 
member 30-day ensemble forecast. There are 4 ensemble members in each cycle of this forecast 
configuration, each forced with a different CFS forecast member. It produces 6-hourly streamflow 
and daily land surface output, and, as with the other forecast configurations, is initialized with a 
common restart file from the Analysis and Assimilation configuration. 

Output: 
All NWM output will be stored in NetCDF format in one of three file types: 

 
1. 1km gridded NetCDF (land surface variables and forcing) 
2. 250m gridded NetCDF (ponded water depth and depth to soil saturation) 
3. Point-type NetCDF (stream routing and reservoir variables) 

 
The two gridded files cover a rectangular domain stretching beyond the CONUS roughly from 19N to 
58N, while the point NetCDF files contain model output from the CONUS and hydrologically 
contributing areas. 



 
 

Important documents to support this work: 
 

Cosgrove, Brian A., Dag Lohmann, Kenneth E. Mitchell, Paul R. Houser, Eric F. Wood, John C. Schaake, 
Alan Robock et al. "Real‐time and retrospective forcing in the North American Land Data 
Assimilation System (NLDAS) project." Journal of Geophysical Research: Atmospheres 108, no. 
D22 (2003). 

Krzysztofowicz, Roman. "The case for probabilistic forecasting in hydrology." Journal of hydrology 249, 
no. 1 (2001): 2-9. 

Schaake, John C., Qingyun Duan, Victor Koren, Kenneth E. Mitchell, Paul R. Houser, Eric F. Wood, Alan 
Robock et al. "An intercomparison of soil moisture fields in the North American Land Data 
Assimilation System (NLDAS)." Journal of Geophysical Research: Atmospheres 109, no. D1 
(2004). 

Weatherhead, Elizabeth C., Amy J. Stevermer, and Barry E. Schwartz. "Detecting environmental changes 
and trends." Physics and Chemistry of the Earth, Parts A/B/C 27, no. 6 (2002): 399-403. 

Xia, Youlong, Kenneth Mitchell, Michael Ek, Justin Sheffield, Brian Cosgrove, Eric Wood, Lifeng Luo et al. 
"Continental‐scale water and energy flux analysis and validation for the North American Land 
Data Assimilation System project phase 2 (NLDAS‐2): 1. Intercomparison and application of 
model products." Journal of Geophysical Research: Atmospheres 117, no. D3 (2012). 



Non-atmospheric parameters: Land Surface Models 
 

NGGPS Verification 

Discussion Summary 

December, 2016 

Attendees: Michael Ek, Tara Jensen and Betsy Weatherhead (on the phone) 
 

Perspective: Land surface models are used to estimate impact of weather to the cryosphere, soil and 
vegetation globally. Changes to the NCEP Global model will directly impact land surface models which 
derive critical input from the global models. Michael Ek validates land surface models. 

 

Key parameters from GFS: temperature, incoming solar, longwave radiation, humidity and pressure, 
albedo, soil type and vegetation types are also used, but these are not inputs from the GFS. 

 
Key input to GFS: Land surface models provide heat, moisture, momentum and drag that influences 
surface layer turbulence. Output from the land models goes into the GFS, CFS, mesoscale model (Tania 
Schmiernova has the rough land model working with RAP/HRRR). 

 

Key observation sets for verification: Fluxnet is a network of networks which is used internationally for 
verification of land surface models. One key parameters is thermal conductivity that depends on soil 
type and soil moisture content. 

 
Goals for land surface models: Calculating drag, surface layer turbulence and heat, moisture and 
momentum fluxes as well as thermal and hydraulic movement are areas of active research. 

 

Timescales for verification: Monthly averaged diurnal cycles of all critical parameters. This could be 
adequately achieved with four months of verification (e.g. (July, October, January, April). 

 
Key parameters to examine: gradients of wind, humidity and temperature in the boundary layer are 
key metrics for determining the success of a model. The most relevant GFS output is 2m wind, 
temperature and humidity, so boundary layer and radiation schemes are necessary for verification. 

 

Mike would like to have a hierarchy of model testing up to everything being coupled with FV-3. 

Possibly, soil moisture and soil temperature will be the two direct parameters to evaluate: 

𝜕𝜕𝜕𝜕Θ 𝜕𝜕𝜕𝜕𝐾𝐾𝐾𝐾Θ 𝜕𝜕𝜕𝜕 = + 
  

�𝐷𝐷𝐷𝐷 𝜕𝜕𝜕𝜕Θ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 � + 
  

𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 Θ 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 

 

Where DΘ is the soil moisture diffusivity and KΘ is the hydraulic conductivity are non-linear functions of 
soil moisture and soil type. 

 

And for soil temperature: 



𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 

𝐶𝐶𝐶𝐶𝑇𝑇𝑇𝑇 = 
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 

(𝐾𝐾𝐾𝐾𝑇𝑇𝑇𝑇 ) 
𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕 

 

Where CT is the thermal heat capacity and KT is the soil thermal conductivity (not functions of soil 
moisture and soil type). 

 

Potential metrics for comparison if controlled, comparison runs are made: 
 

Comparison of 2-metr temperature and humidity using pairwise autocorrelation from GFS and FV-3 
throughout the diurnal cycle for four months out of the year sampling each season. 

 
Important people to work with on verification: Helin Wei; Jairui.Dong@noaa.gov, Fang Lin knows 
about Jack Woolen (climate scientist) who wrote some scripts to pull out all radiosondes that are in 
grasslands, forests, etc. From the land model perspective, it’s very important to understand the soil 
type. 

 
 

Important documents to support this work: 
 

Chen, Fei, Kenneth Mitchell, John Schaake, Yongkang Xue, Hua‐Lu Pan, Victor Koren, Qing Yun Duan, 
Michael Ek, and Alan Betts. "Modeling of land surface evaporation by four schemes and 
comparison with FIFE observations." Journal of Geophysical Research: Atmospheres 101, no. D3 
(1996): 7251-7268. 

Cosby, B. J., G. M. Hornberger, R. B. Clapp, and ToR Ginn. "A statistical exploration of the relationships 
of soil moisture characteristics to the physical properties of soils." Water Resources Research 20, 
no. 6 (1984): 682-690. 

Ek, M. B., K. E. Mitchell, Y. Lin, E. Rogers, P. Grunmann, V. Koren, G. Gayno, and J. D. Tarpley. 
"Implementation of Noah land surface model advances in the National Centers for Environmental 
Prediction operational mesoscale Eta model." Journal of Geophysical Research: Atmospheres 
108, no. D22 (2003). 

Johansen, O. "Thermal conductivity of soil and rock." Frost I Jord 16 (1975): 13-21. 

Wang, Bin, June-Yi Lee, In-Sik Kang, J. Shukla, C-K. Park, A. Kumar, J. Schemm et al. "Advance and 
prospectus of seasonal prediction: assessment of the APCC/CliPAS 14-model ensemble 
retrospective seasonal prediction (1980–2004)." Climate Dynamics 33, no. 1 (2009): 93-117. 

Weatherhead, Elizabeth C., Amy J. Stevermer, and Barry E. Schwartz. "Detecting environmental changes 
and trends." Physics and Chemistry of the Earth, Parts A/B/C 27, no. 6 (2002): 399-403. 



 
 
 

2. Progress on testing, summary of evaluation and/or verification of proposed 
improvements 

Purchased of dedicated computer. The computer specifications were determined by the DTC 
staff, when the PI’s older computer was deemed inadequate. 

 
Uploaded of MET, R and Office software to the project computer. 

 
The PI took training classes on using MET at NCAR. This was before the project computer was 

available, so the on-line tutorials have had to suffice since then. Fortunately, the on-line tutorials are 
very good and have been very useful. 

 
 

 
3. Interactions with scientists at EMC, other NCEP Centers, NOAA labs, and/or 
NOAA Testbeds 

The PI has an office in NOAA’s Boulder building that allows for frequent interaction with GSD scientists 
including Bonny Strong. 

 
Communication has started with Mike Ek, Hendrik Tolman and Arun Chowla. 

 
The PI gave a presentation on NGGPS biweekly calls on Wednesday, January 18 (Appendices C and D) 

 
The PI will be participating in the community meeting at NCWCE April 18-21 and helped advertise the 
meeting through the American Meteorological Society’s Forecast Improvement Group. 

 
 

 
4. Progress against milestones/schedules in proposal 

 
The milestones presented in the original proposal are presented here: 

 



The project is slightly behind schedule due to the lack of appropriate data of intercomparisons.. For 
each of the two sub-projects that were scheduled to begin in the first quarter of this work plan, the 
work was broken down into additional sub-projects as explained below. 

 

 
The analysis for Mid-latitudes, tropics has begun and are showing that autocorrelation plays a significant 
role in most results.  The impact on the size of the error bars (the standard error on the mean) appears 
to be much larger than on the estimate of the metric itself. 

 

Discussions for identification of key metrics for evaluation of non-atmospheric products are ahead of 
schedule with significant improvement in understanding for both hydrology and land metrics. Now that 
the computer is in place, we are working more actively on the acquiring the initial data. 

 
 
 
 
 

5. Any previously unreported changes to the execution of the originally 
submitted proposal 

The project is slightly behind schedule due to a lack of NGGPS data for the verification work of standard 
parameters. Work on verification of non-atmospheric parameters is progressing on schedule.. As 
already noted, the dedicated computer was late in arriving. The installation of software was--and 
continues to be—a notable challenge. This is not completely unexpected as atmospheric computing 
needs are always significant. 

 
The diurnal aspects of autocorrelation, as discussed in Section 1: Key scientific accomplishments, was 
not fully appreciated at the time the proposal was written, but has turned out to be an interesting and 
likely constructive addition to project. 



 

Discussion of non-Gaussian behavior by the NGGPS validation team may result in some additional work, 
but this would only take place with approval of the program manager. 

 
The discussion of the impact of imperfect observations used for verification was unexpected. The PI 
wrote a brief white paper on this subject for the NGGPS verification team. The work was not extensive 
and was within the general scope of the work plan. 

 
 

6. Any outcomes that could be transitioned or offered to operations (previous 
outcomes can be repeated) 

 
The issue described in section one of the impacts of negative autocorrelation may be 
considered for transition to MET. This decision is beyond the scope of this proposal but the PI is 
currently preparing materials to allow the MET team to consider this transition. The results will 
have a direct impact on the confidence intervals given for the verification results, so the 
decision will not likely take place without some careful consideration. This effort may warrant a 
publication to assure transparency and allow for peer reviewed efforts. 

 
 
 

7. Budget issues as required in the (separate) financial forms – ok to mention 
critical information in progress report 

 
Budget spending is roughly on schedule.  Some details of note: 

 
1. The dedicated computer was purchased, although delivery of the computer was 

delayed due to manufacturer issues. 
2. The subcontract to NCAR was established and initial payments started. 
3. Travel was light, but is expected to increase with trips to DC and meetings 

planned for April-July. 



Quality in Weather Verification 
NGGPS 

 
Betsy Weatherhead, U. of Colorado and Tara Jensen, NCAR 

 
 
 

Verification of weather forecasts relies directly on accurate data to achieve successful, reliable results. 
While all collected data may be stored and available for use, not all data are of equal quality and 
usefulness for the verification.  Understanding tools available for screening of data quality is important 
to assure the best use of all available data. Individual datasets used for verification all have documented 
assessments of known problems and expectations for accuracy, although the evaluation of data and 
production of quality assessments is not uniform across datasets.  Individual observations are screened 
as part of the ingestion process within MADIS, but these screenings are cursory, looking for very specific 
issues of reasonableness. Data assimilation fields can be useful for forecast evaluation because they are 
the result of merged fields that can result in more physically consistent observations. However, data 
assimilation fields are not immune from problems with data quality. 

 
A simplistic approach is to treat all verification observations as the “truth” and all differences between a 
forecast and an observation as a “forecast error.” This simplistic approach ignores known and potential 
problems with data. Kloog et al.(2014) report that satellite derived temperature observations, often 
used for forecast verification, match surface tempera observations with a MSE of roughly 2° C, although 
the two sets of observations show high agreement with respect to day-to-day variability (R2 ≈ 95%). 
Even intercomparisons of available sonde data show agreements in temperature of greater than 0.5 
(Bian et al., 2011). Sevruk et al. (2009) report that wind and evaporation can introduce differences of 
rain between 4 and 6%, while problems with snow or mixed precipitation can be as large as 60% based 
on wind conditions. Ingleby and Huddleston (2007) report differences in ocean temperature of greater 
than 1% and note that over 20% of collected data were rejected once strict quality controls were 
introduced. In light of these and many other published studies on the potential errors in observations 
commonly used for forecast verification, the question of how to address observational uncertainty 
becomes more important than ever before. 

 
Schutgens look at the very relevant question of how well point observations can be expected to agree 
with spatial averages using WRF-CHEM. They conclude that differences can be as large as 30-80% and 
more for aerosol parameters. Multiple observations in a single gridbox can help reduce these 
differences, but not likely eliminate the differences; offsets of observations from the gridbox can cause 
disagreements between models and observations. 

 

A few studies have sampled the impact of observational uncertainties on seasonal forecasts. Junya Hu 
presented results at last year’s AGU showing that initial sea temperature errors could cause significant 
forecast errors of El Nino events. Similarly, Rong Fang and WanSuo Duan (2017) showed that initial 
temperature errors caused Indian dipole events. For both of these studies, very specific regions where 
the temperature errors would be most impactful. 



MADIS as the primary ingest of observations used both for modeling and verification of models has an 
important role in real-time processing of observations. Galarus et al, (2012) reported on some of the 
quality checks that are done to assure usefulness of observations before they are used in data 
assimilations. Verification of weather forecasts and data assimilation both rely heavily on accurate data 
to achieve their respective goals. Some of the data needs for the two communities are common needs. 
Eugenia Kalnay and her group from U. MD have been working on developing more sophisticated 
methods of screening data for quality in the data assimilation process (Chen et al., 2015). Verification of 
weather forecasts and data assimilation both rely heavily on accurate data to achieve their respective 
goals. Some of the data needs for the two communities are in common and methods of addressing 
quality issues may take advantage of efforts from either community. 

 
Given what is currently understood about observational accuracy, it makes sense to develop verification 
techniques that respect known problems with the data. Data issues can be divided into known, average 
uncertainties, and problems with individual observations. Both sets of issues will require some level of 
care to address. For known uncertainties, these uncertainties need to be compared with the biases 
observed in comparing observations to models. For individual observational problems, improved 
identification of potentially bad data needs to be adopted to assure verification results will be robust. 
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Original Proposal Summary 
 
The work proposed is to develop the techniques to evaluate and support NWS decisions on 
NGGPS model development. The results of this work will help feed directly into all 11 areas of 
the NGGPS Verification and Validation team priorities, with a focus on development of both 
descriptive and decision support verification and validation techniques using state of the art 
statistical tools. These tools will be translated into general use capabilities by NCAR/DTC to 
assure that the tools will be available to all users of the MET software system. 

 
The proposed work and capabilities development will assure that defensible analyses of the 
models are carried out with respect to the research to operations testing of the selected model 
development. Likely, by the time a decision is made on this proposal, the next generation global 
model will be chosen. Problem: once the global model is chosen, a large number of decisions 
will need to be made to develop this model so that it is ready for operational use. Rationale: for 
each of these decisions, the impact on the model’s performance and a comparison to 
performance of competing models will need to be made. Some, but not all, decisions will come 
under intensive scrutiny because of potential negative impacts to some aspects of the forecast. 



The tools developed within this proposal will help defend why specific decisions were made and 
how these decisions will likely affect the many aspects of the operational product suite. 

 
Brief Summary of Work: five separate sub-projects have been addressed to develop, test and 
transfer to MET capabilities that can result in state of the art statistical verification tools for both 
atmospheric and non-atmospheric parameters. 1) Descriptive Forecast Verification; 2) Decision 
Support Statistics for Forecast Verification; 3) Key Metrics for Non Atmospheric Parameters; 4) 
Descriptive Verification and 5) Decision Support for Non Atmospheric Parameters. For each 
sub-project, documentation was produced in advance of the work to assure that the results will be 
useful to NWS’ goals and needs. 

 
Relevance:  this proposal is in direct response to priority e) from the call for proposals: 
Advances in Verification Methods. The proposed work will add new capabilities (both 
descriptive and decision-support statistics) within EMC and the Model Evaluation Tools (MET) 
to allow defensible decisions to be made earlier, with efficient use of computer resources and be 
reproducible by the community. This proposal also supports the unification initiative through 
helping define critical measures still needed in MET to address the entirety of the NGGPS 
system. Particular attention will be paid how measures respond within climatologically diverse 
regions (i.e. mid-latitudes versus tropics) and which measures are appropriate for four non- 
atmospheric components (land, hydrology, waves and sea-ice). The most critical non- 
atmospheric measures will then be added to MET and training on best practices will be provided. 
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