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HIWPP Verification Goals 

Starting with existing capabilities, build a verification 
system for development / improvement of operational 
weather prediction models.  The verification system will 
include traditional skill measures as well as verification 
of sensible weather elements  

•  Designed for model development / improvement 

•  Quick turn around, easily modified / customized 

•  Interactive, on-the-fly stratification of results  DATABASE  

•  Start from existing pieces, add advanced capabilities 

•  Collaboration including GSD and EMC 
•  Initial application for HIWPP hydrostatic models 



Evolving the HIWPP Verification System 
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EMB Verification System 

Motivation and design goals 

 

 “Model Developer” verification 
 -- Fast computation and display of verification results  
 (real-time parallel and retrospective cycles, individual cases) 
 

 -- Quick stratification by key parameters (metric, threshold, 
scale, valid time, initial time, forecast length, region) 

 

 Easily accessible web-based display of verification results 
  

 Ability to quickly examine aggregate statistics AND  

 single-case plots in complementary manner 
  

    Database with well designed user-interface 
 essential for achieving these attributes! 
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Web interface for “time-series” view mode   

    (EMB  reflectivity example) 



ANOMALY CORRELATION COEFFICIENT   
time series, die-off     
 
 

UPPER-AIR  (radiosonde)   
time series, vertical profile 
 
 

SURFACE T, Td, RH, wind (METAR, mesonet) 
time series, diurnal,  lead-time 
 
 

PRECIPITATION (CPC, 6-hSYNOP) 
time series, diurnal, threshold 
 

REFLECTIVITY (MRMS) 
time series, diurnal, lead-time, threshold 

Sample “view modes” from EMB verification 

   |          |          |          |           |           |           |          |   
0.01    0.10    0.25     0.5       1.0       1.5       2.0      3.0 
(in) 



Raob - Statistics based on native files (every 10 hPa from  

 the surface up) verified against (nearly) all RAOB data.  

Interactive time-series plots ... (beta version)  

Interactive vertical profiles ... (beta version)  

Find Model-RAOB Residuals ... (beta version)  

AMDAR data. Every hour, highly non-uniform coverage  

Anomaly correlation statistics for the FIM and GFS.  

GFS vs. FIM - last 31 days - 5-day 6-day 7-day  

Interactive time-series plots ... (beta version)  

Dieoff (anomaly correlation vs. forecast projection) plots   

NCEP GFS stats, including anomaly correlation for latest 31 days  

NCEP GFS stats for previous months  

Ceiling hourly statistics verified against METAR data.  

Precipitation Type statistics verified against METARs  

Visibility hourly statistics verified against METAR data.  

Cloud and Solar Insolation verification against GSIP, SURFRAD/ISIS,METARS.  

Surface statistics. Mesonet stations verified against forecasts. Experimental  

Composite Reflectivity Statistics. NSSL vs. HRRR, RAP, RUC, NAM 

Hourly Time Series for various models, BETA version ,  

Valid Time Statistics for various models, BETA version   

Lead Time Statistics for various models, BETA version  

Vertically Integrated Liquid (VIL) Statistics. NSSL vs. HRRR, NAM_NEST 

Echo Top Height Statistics. NSSL vs. HRRR, NAM_NEST Experimental  

Sub-24HR Precipitation Statistics. StageIV vs. HRRR, RAP, 
RUC, NAM Experimental  

Sub-24Hr Time Series statistics for various models, BETA 
version ,  

Sub-24Hr Threshold Statistics for various models, BETA 
version  

24HR Precipitation Statistics. (CPC,StageIV) vs. HRRR, RAP, 
RUC, NAM Experimental  

24Hr Time Series statistics for various models, BETA 
version ,  

24Hr Threshold Statistics for various models, BETA version  

Convective Probability Statistics. NCWD vs. HCPF, RCPF,   
CCFP, LLProb Experimental  

Hourly Time Series statistics for various models, BETA 
version  

CSI vs Bias Figures for various models, BETA version  

Relative Operating Characteristic (ROC) Curves for various 
models, BETA version  

Reliability Diagrams for various models, BETA version  

Wind Profiler statistics. NPN/CAP vs. RAP, HRRR. Experimental  

Time Series statistics for various models, BETA version 
Non-java version  

Vertical structure , BETA version  

Wind Tower statistics. vs. RAP, HRRR, RRrapx. Restricted  

Cloud and Solar Insolation statistics from GOES GSIP vs. 
HRRR, Experimental  

Time Series statistics and plan-view (beta)  
 

EMB interactive verification   (http://ruc.noaa.gov/stats)  

Total database size ~ 800 GB 

http://ruc.noaa.gov/stats/new/inter.html
http://ruc.noaa.gov/stats/new/inter.html
http://ruc.noaa.gov/stats/new/inter.html
http://ruc.noaa.gov/stats/new/beta/?debug=true
http://ruc.noaa.gov/stats/vertical/
http://ruc.noaa.gov/stats/vertical/beta/
http://ruc.noaa.gov/stats/new/find_raob_resids.cgi
http://ruc.noaa.gov/stats/new/find_raob_resids.cgi
http://ruc.noaa.gov/stats/new/find_raob_resids.cgi
http://ruc.noaa.gov/stats/new/beta/find_raob_resids.cgi
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_120_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_120_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_120_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_144_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_144_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_144_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_168_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_168_0Hours_match:complete_&date=latest
http://fim.noaa.gov/fim_ac_stats/displayPlot.cgi?fileName=http://fim.noaa.gov/fim_ac_stats/bin_plots/HGT_500_168_0Hours_match:complete_&date=latest
http://ruc.noaa.gov/stats/anom/
http://ruc.noaa.gov/stats/anom/
http://ruc.noaa.gov/stats/anom/
http://ruc.noaa.gov/stats/anom/beta/?debug=true
http://ruc.noaa.gov/stats/dieoff/
http://www.emc.ncep.noaa.gov/gmb/STATS_vsdb
http://wwwt.emc.ncep.noaa.gov/gmb/STATS/html/monarch.html
http://ruc.noaa.gov/stats/cref/beta/timeseries/
http://ruc.noaa.gov/stats/cref/beta/validtimes/
http://ruc.noaa.gov/stats/cref/beta/leadtimes/
http://ruc.noaa.gov/stats/precip2/beta/timeseries/
http://ruc.noaa.gov/stats/precip2/beta/timeseries/
http://ruc.noaa.gov/stats/precip2/beta/timeseries/
http://ruc.noaa.gov/stats/precip2/beta/timeseries/
http://ruc.noaa.gov/stats/precip2/beta/thresholds/
http://ruc.noaa.gov/stats/precip2/beta/thresholds/
http://ruc.noaa.gov/stats/precip2/beta/thresholds/
http://ruc.noaa.gov/stats/precip2/beta/thresholds/
http://ruc.noaa.gov/stats/precip/beta/timeseries/
http://ruc.noaa.gov/stats/precip/beta/timeseries/
http://ruc.noaa.gov/stats/precip/beta/thresholds/
http://ruc.noaa.gov/stats/prob/beta/timeseries/
http://ruc.noaa.gov/stats/prob/beta/timeseries/
http://ruc.noaa.gov/stats/prob/beta/csibias/
http://ruc.noaa.gov/stats/prob/beta/csibias/
http://ruc.noaa.gov/stats/prob/beta/csibias/
http://ruc.noaa.gov/stats/prob/beta/csibias/
http://ruc.noaa.gov/stats/prob/beta/roc/
http://ruc.noaa.gov/stats/prob/beta/roc/
http://ruc.noaa.gov/stats/prob/beta/reliabilitydiagrams/
http://ruc.noaa.gov/stats/wind_profiler/Welcome.cgi
http://ruc.noaa.gov/stats/wind_profiler/noaa_wind.html
http://ruc.noaa.gov/stats/wind_profiler/noaa_wind.html
http://ruc.noaa.gov/stats/wind_profiler/noaa_wind.html
http://ruc.noaa.gov/stats/wind_profiler2/Welcome.cgi
http://ruc.noaa.gov/stats/gsip_clouds/beta/
http://ruc.noaa.gov/stats/gsip_clouds/beta/
http://ruc.noaa.gov/stats/gsip_clouds/beta/
http://ruc.noaa.gov/stats
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HRRR (and RAP) Future Milestones HRRR Milestones 15-min Validation of HRRR forecasts 

Downward shortwave  

flux at surface 

Observed (14 SURFRAD  sites) 

HRRR mean (12z runs) 

15 minute HRRR output 

1 minute SURFRAD obs 

Drag zoom 



HRRR (and RAP) Future Milestones HRRR Milestones 15-min Validation of HRRR forecasts 

Downward shortwave  

flux at surface 

29 May 2015 

Observed (individual  sites) 

HRRR mean (12z run) 

Bondville, IL 

Table Mtn, CO 

Bismarck, ND 



12-h forecasts of downward  

shortwave flux at surface 

 18 May 14                19 May 2014 

RAP mean 

HRRR mean 

observed 

mean  

(14 SURF-

RAD / ISIS 
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Time of Day (UTC) 

2-m Temperature (K), CONUS 

2-m Dewpoint (K), CONUS 

too warm… 

too dry… 

HRRR 
RAP 

SURFRAD verification guiding 

model physics improvements 



2m Temperature 

RMS (K) 

 Rapid Refresh  V2 vs. V3  

Surface Temperature verification 
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Link from HIWPP top page (under “resources”) 

“Initial” verification system (VSDB) 



Link from HIWPP (under “resources”) 

“Initial” verification system (VSDB) 



“Initial” verification system (VSDB) 



30 day period 500 mb height   +5 day fcst anom. corr.   N Hemi. 

FIM9 

GFS oper 

NAVGEM prod 

ESRL running “Initial” verification system (NCEP-VSDB) 

FIM9zeus 

NAVGEM exp 

(Fanglin Yang) 



200 mb wind RMSE   
Global  00z  lead-time 

500 mb height Anom. Corr.   
North Hemi.  00z  die-off  

“Initial” verification system (VSDB) 

Difference 

from GFS 

Difference 

from GFS 



Comparison:  Mid-range vs. Initial systems 

--- GFS 

---- FIM8 

500 mb 

height ACC 

+ 8 day fcst  

Global, 00z 

Time series 

Mid-range  (database) 

Initial  (VSDB)  



“Initial” verification system (VSDB) 



“Mid-range” verification system (database)  

+ 48h fcst 100-1000  

global wind RMSE  
(vs. raob) 

--- GFS 

---- FIM9 

0.0 

DIFF  (FIM9 – GFS) 

Drag  

Zoom 



“Mid-range” verification system vs. raobs  

(database)  

--- GFS 

---- FIM9 

---- Difference 
 

(Confidence intervals) 

0.0 

           DIFF   

(FIM9 -- GFS) 

m/s (95% confidence) 



Current capabilities 
 

1. New web-interface (jquery, html5) 
 

2. GLOBAL METAR-based T / Td / wind verification (database) 
 

3. GLOBAL SYNOP-based precipitation verification (database) 
Work toward CMORPH global gridded precipitation verification 
 Work toward global CRPSS precipitation verification of ensembles  
 

Future capabilities 
 

1. Enhanced ensembles verification 
 

2. Fully incorporated tropical cyclone verification 
 

3. Fully incorporated scorecard verification 

“Advanced” verification system 



New html5 display (Model Assessment Tool Suite) 

1000-100 mb  

Temperature 

RMS Error 

Time Series 

--- NAVGEM-exp 

--- GFS 

---- FIM9 (zeus) 

+ 5 day fcst   

Global    



1000-100 mb  

Temperature 

RMS Error 

Time Series 

--- NAVGEM-exp 

--- GFS 

---- FIM9 

+ 5 day fcst   

Global    

New html5 display (Model Assessment Tool Suite) 



1000-100 mb  
Temperature 
RMS Error 
Time Series 

FIM9      GFS      NAVGEM 

Global 

+ 5 day fcst   

New html5 display (Model Assessment Tool Suite) 



Comparison:  html5 vs. java display 

1000-100 mb  

Temperature 

RMS Error 

Time Series 

+ 5 day fcst   

Global    

--- NAVGEM-exp 

--- GFS 

---- FIM9 

Both plots 

accessing 

the same 

database 



GLOBAL METAR (sfc T/Td/wind) and SYNOP (precip) 

Total # reports   

(~ 4500)  

METARs 

# of Reports   

Total # reports  (~3500) 

> 0.10” / 6h 

> 0.25” / 6h 

> 0.01” / 6h 

GLOBAL  12-h fcst 

of 6h precip 

 

# of Reports   

~ 3600 SYNOP precip reports every 6h 

~ About 15% of the reports are non-zero 



METAR surface data – where reports from?? 

Snapshot from 18z 20 January 2015 

Temperature, Dewpoint, Wind    



SYNOP precip data – where reports from?? 

-- Typical spatial coverage (for directly measured + inferred) 

Purple dots are reports of 0.00” precip, 
other colors are non-zero amounts 

Snapshot from 12z 16 December 2014 

Quirk 
No pcp 



QMORPH SYNOP 

+6h accumulated precipitation ending 18z 15 Oct. 

SYNOP precip data – matching CMORPH 



Global SYNOP precipitation verification 

GLOBAL   

6h precip 

3d average  
 

.52  FIM-ex > 0.10” 

.47  GFS-op > 0.10” 

.33  GFS-op > 0.25” 

.32  FIM-ex > 0.25” 

TSS 

+12 forecast 

+36 forecast 

.46  FIM-ex > 0.10” 

.42  GFS-op > 0.10” 

.27  GFS-op > 0.25” 

.28  FIM-ex > 0.25” 



Coordinating Verification Efforts 

•  ESRL GSD  
 Bonny Strong, Steve Weygandt, Bill Moninger, Jeff Hamilton, 
 Xue Wei, Randy Pierce 
   

•  NCEP EMC  
Binbin Zhou, Perry Shafran, Fanglin Yang, Yuejian Zhu, Ying Lin 
 

•  NCAR DTC  
Tara Jensen, John Halley-Gotway, Tatiana Burek 
 

•  NGGPS  
Ivanka Stajner 
 
 
 

Verification for operational model improvement! 


