NCEP Short Range Ensemble Forecasting (SREF) system Overview

7/28/03

The NCEP Operational 48 km SREF system is run 2 times per day at 09 and 21 UTC with forecasts to 63 hours.  Currently, 10 SREF members are run operationally at 48 km horizontal resolution (5 Eta-Control-BMJ and 5 RSM).  In addition, additional  SREF members are run with an alternative member of the Eta model Convective parameterization (Kain-Fritch, Eta-KF).  A 5 member RUC forecast will also be available in FY04.  Each model subset consists of 2 initialization breeding pairs ( positive,  negative) and  control run.  Table 1 describes each SREF member.  Eta-KF and RUC are not yet added to the operational SREF-48 that computes the mean, spread and probability files.

Table 1.  SREF member description

Member 
Modl
x
# levels
Cloud physics
PBL, sfc  physics

#1-5 (ctl, n1,n2,p1,p2)
Eta
48 km
45
Bett-Miller convection,

Ferrier cloud 
Mellor-Yamada TKE

NOAH-LSM

#1-5 (ctl, n1, n2,p1,p2)
RSM
48 km
28
Simple Arakawa-Shubert


#1-5 (ctl, n1,n2,p1,p2)
Eta-KF
48 km
45
Kain-Fritsch convection

Ferrier Cloud 
Mellor-Yamada TKE

NOAH-LSM

#1-5
RUC
48 km
45


Grell convection
Mellor-Yamada TKE

Smirnova-LSM

1. Product Description

1.1  Visualization products

The following graphical outputs are produced from the 15 member 48 km SREF system and available on the NCEP SREF web page:

http://wwwt.emc.ncep.noaa.gov/mmb/SREF/SREF.html
For each field listed below, the mean and spread (1 standard deviation from the mean) values of the field are produced for both  the Combined(COM)15 member predictions (3 hrly output to 63 hours) and for each model subset (5 Eta-BMJ, 5 RSM, 5 Eta-KF, 5 RUC):

Table 2. SREF Graphical Products    (yellow= not working)

Field
Mean/Spread
Spaghetti diagram

(contour lines)
 Probability of Exceedence

Temperature (C)
2m, 850, 700 mb
 2m (-35--> 35, +5) 

850 mb (-15 ---> 15, +5)


Pressure (mb)
MSL
MSL (976--->1016, +4)


Winds (m/s)
10m, 850, 700 mb

> 5, 10, 15, 20,25  m/s

RH (%)
850, 700 mb



Thickness (m)
1000-850 mb
1240--->1360, +40 m



850-700 mb
1480--->1560, +20 m



1000-500 mb
5220--->5880, +60 m


Heights(m) /Vorticity (1/s)
500, 250 mb

Vort: Mean only
500 mb Hgts only 

(5220-5880, +60 m)


Precipitation (in)
3, 6, 12, 24 hrly
“ “  ( >0.1, 0.25, 0.5, 1.0, 2.0 inches)
“ “( >0.1, 0.25, 0.5, 1.0, 2.0 inches)

Dominant Precipitation type
3 hrly

Probability of precip type

Snowfall (in)
3, 6, 12, 24 hrly + min, max

“ “ ( >1, 2.5, 5, 10, 20 in.)

CAPE (J/kg)
Yes
500,1000, 2000, 3000, 4000 
>500, 1000, 2000, 3000,   4000

LI (K)
Yes

< 0, -4, -8

CIN (J/kg)
Yes



In addition, Bufr soundings from all Eta members are currently being produced and meteograms of several fields are plotted at :

1.2  Additional Experimental Products

Additional specialized graphical ensemble products are made from the 15 member ensemble runs for Aviation and Hydrological applications.  Two basic graphical charts are produced:

· Mean and Spread plots for SREF system output fields.

· Probability of occurrence for SREF system output fields.

These graphics are produces for the combined 15 member SREF and each model subset ensemble (5 Eta-BMJ, 5 Eta-KF, 5 RSM)

Aviation

Table 3 describe the graphics produced every 3 forecast hours to 63 hours for Aviation applications:

Field 
Levels
Mean/Spread
Probability of occurrence

Wind Threshold (m/s)
850 mb

500 mb

250  mb
 Wind barb means
>10, 20, 30 m/s

>30, 40, 50 m/s

> 30, 40, 50 m/s

Icing (only Eta)
850-500, +50 mb

Probability of occurrence

Tropopause (only Eta)
Trop
Height (mb), Temp (C)


Freezing Level (only Eta)

Height (m)


Visibility (only Eta)

???


Turbulence Intensity

   
500-450 mb 450-400 mb 400-350 mb 350-300 mb 300-250 mb 250- 200 mb

Probability of occurrence for:

    Lgt/Moderare 

   Moderate

   Severe

Vertical Wind shear (m/s per km)
1000-950 mb

950-900 mb

900-850 mb
Mean/spreads


Clouds (Eta only)
All
Total Cloud Fraction, + max and min 
 10-30%, 40-70%, 80-100 cloud fraction probability 

Hydrological

Probability of occurrence of flash flood conditions are plotted for +12, +24, +36 and +48 hour forecasts on the NCEP/HPC web page from the SREF outputs:

http://www.hpc.ncep.noaa.gov/newrpp/rpp_ens.shtml

1.3  Verification products (Experimental)

Deterministic and probabilistic verification is performed for the 10 member operational system at standard evaluation times: +3, 15, 27, 39, 51 and 63 forecast hours.  Verification is performed for the following member composites:

· Combined 10 member (5 Eta and 5 RSM )

· 5 Eta subset members

· 5 RSM subset members

Verification statistics are computed for each day and averaged for each month.

1.3.1 System Evaluation Plots

Talagrand distribution plots are produced by binning each of the 10 members 

(EC1, EP1, EP2, EN1, EN2 for Eta control, positive  and negative bred members and RC1, RP1, RP2, RN1, RN2 for RSM control, positive and negative bred members) : 

· Spread distribution for each member:  Percentage of each member that encompasses the EDAS (for Eta members) or GFS ( for RSM members) analysis .

· Equally likely for each member:  Percent chance that a member is closest to the analysis. 

· Equally likely (plus Eta-12): Percent chance that a member and the Operational Eta-12 is closest to the analysis.

In addition, time-series of the grid domain and member combined mean, average of single members, and standard deviation of various forecast fields are computed at the standard evaluation times (listed in 1.c)  and plotted.

These evaluations are produced  for the following fields:

· MSLP

· 500 mb Heights

· 850 mb Temperature, RH,  U and V-wind components and wind speed

· 250 mb Temperature, U and V-wind components and wind speed

· 3, 6, 12 and 24 hrly accumulated precipitation

1.3.2 Deterministic evaluation plots

Standard error time-series of the grid domain mean, average and standard deviations for  all 3 SREF composites of various products (listed in 1.c.1) are computed at the standard evaluation times(1.c) and plotted.  The following standard error plots are computed:

· Root Mean Square Error (RMSE)

· Correlation Coefficiant (%)

· Bias

· Equitable Threat Scores (ETS)

4 time series are plotted:

mean: mean of all ensemble members, 

ctl: the average of the 2 control ensemble members from the breeding runs,

Best: The best ensemble member as computed from the evaluation statistic, 

OPR: Eta-12 operational forecast error

1.3.3 Probabilistic Evaluation Plots

Probabilistic error time-series of the 3 SREF composites are produced for 3, 6, 12 and 24 hour precipitation forecasts for the following error statistics:

· Brier Skill Scores: 0.1, 0.5, 1.0 inch precipitation thresholds used.  Operational Eta-12 forecast is the reference forecast that skill is based upon.

· Ranked Probability Skill Scores(RPSS): Operational Eta-12 forecast is the reference forecast that skill is based upon.

· Skillful area (%) from RPSS.

2. Software and Scripts

Jun Du's SREF software and scripts are located on :

/nwprod/sorc & /scripts : Production code & scripts


or

/nfsuser/g01/wx20jd/OPT/MDL : Experimental scripts

All scripts are driven by autotrigger_MDL.CC.ll
Scripts are divided into the following components:

exsref_prelim:
Data preparation and truncation software

exsref_{MDL}_fcst:
[MDL] forecast run software where [MDL] is either ETA, 

ETAKF or RSM

exsref_{MDL}_post:
[MDL] post-processing (vertical interpolation, additional 

fields)

exsref_post:

Probablistic product generation (ie: mean, spreads,etc)

/nfsuser/g01/wx20jd/prod/web:  Scripts dir to create Grads GIF files and copy to web

eg: para_com15mem.3hrly : creates grads gifs for combined parallel 15 member runs.

/nfsuser/g01/wx20jd/prod/ver:    Scripts dir to creates verification statistics

2.1  Breeding Perturbation software

exsref_prelim.sh:

· Gets all data needed to initialize and provide LBCs for the members(GFS and Eta)

· Truncates the GFS spectral fields for RSM ensembles

· Converts global data to Eta format

· Truncates the Eta fields to Eta ensemble member resolution

· Create regional breeding perturbations (With programs: PERT_INIT.x, PERT_CONT.x, PERT_COMB.x, IT.x)

2.2  Execution software

execsref_MDL_fcst: Drives each MDL member's forecast

2.3 Post-processing software

execsref_MDL_post:  Runs MDLpost.x and product generator

execsref_post:  Probablistic product generation (ie: mean, spreads, etc.)

/nfsuser/g01/wx20jd/prod/web:  Create GRADS gif files and copies  these to the web.

.. /prod/sorc/SREFCOM_GRIB:  Sref-post source code (grib2ascii2grib.f)

3.0 Outputs

Operational 3hrly (to 63 hrs) Grib output files are written to the IBM Production  side  at /com/sref/prod/sref.yyyymmdd on the AWIPS 212 grid with the following naming convention:

sref_MDL.tCCz.pgrb212.{p,n}{1,2].fHH

eg: sref_kfeta.t21z.pgrb212.p1.f63
where:

MDL = eta, kfeta, or rsm

CC = cycle time (09 or 21)

[p,n][1,2] = positive or negative breeding pair 1 or 2

HH= forecast hour

Experimental  mean/spread/prob GRIB products are located on the IBM-development  at:

/ptmp/wx20jd/prod/grib/ens.YYYYMMDD

The  raw experimental ensemble members are located on the IBM-development at:

/ptmp/wx20jd/MDL/dataout/ens.YYYYMMDD

4.0 Web/ftp data outputs:

Individual SREF thinned member files are sent to NCEP ftp server.  Naming convention of the Grib files on the ftpprd server are as following:

{MDL}{Pert #}{PHY}_YYYYMMDDCC_FHH.grib

Where perturbation number for runs which use breeding perturbations (ie: Eta-KFc, Eta-BMJ, RSM-SAS, RSM-RAS) are :

1=control run (ctl)

2=negatively perturbed pair # 1 (n1)

4=positively perturbed pair # 1 (p1)

3=negatively perturbed pair # 2 (n2)

5=positively perturbed pair # 2 (p2)

eg: Eta1BMJ_2003072806_F06.grib

Table 4.  Location of SREF Grib, Bufr files and web plots

Model
Location

SREF-48
Grib: ftp://ftpprd.ncep.noaa.gov/pub/data/nccf/com/sref/prod/

Bufr: Available by Late Summer implementation

Plots: http://wwwt.emc.ncep.noaa.gov/mmb/SREF/SREF.html

SREF-32
Grib: Thinned individual members and mean/spread/prob files at: ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/sref/NewEngland

Bufr: at 16 sites: ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/sref/NewEngland  (Eta. RSM members  added on  July 22, 2003)

Ensemble Mean Bufr (Eta members only):  ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/sref/NewEngland  

X-Y Plots: http://wwwt.emc.ncep.noaa.gov/mmb/SREF/SREF.html
Meteograms: By July 31.

Eta-12
Grib&BUFR : http://www.nco.ncep.noaa.gov/pmb/products/eta/               (click on ftp download link) 

or http://wwwt.emc.ncep.noaa.gov/mmb/etagrids/ 

Special Energy Grib tiles and 16 site Bufr files:  ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/mmbpll/etaops.t00z/

Plots: http://wwwt.emc.ncep.noaa.gov/mmb/mmbpll/etapllsup12

NMM-8
Grib: ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/mmbpll/east08.t18z/

Bufr: ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/mmbpll/east08.t18z/bufrsnd/

Plots: http://wwwt.emc.ncep.noaa.gov/mmb/mmbpll/hiresw.east08/

EtaX-12 parallel** (to 60hrs)
Grib:ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/mmbpll/etax.tCCz/

Bufr:ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/mmbpll/etax.tCCz/bufr
Where CC=00 or 12 UTC run

Plots: http://wwwt.emc.ncep.noaa.gov/mmb/mmbpll/etapllsup12.etax/

EtaV & Y-32 ***
Grib, bufr:ftp://ftpprd.ncep.noaa.gov/pub/emc/mmb/mmbpll/eta32.tCCz/        Plots: http://wwwt.emc.ncep.noaa.gov/mmb/mmbpll/etapll32.arch

* Thinned energy grids and  bufr data for 16 sites to be provided for all members by July 1, 2003

* * Next version of EtaX-12 will  have changes to EDAS(precip bias correction) and the incorporation of a digital filter. (after July 8, 2003)

*** Eta-32 km  parallel (Eta-Y) will test the updated radiation package.  Eta-V is the 32 km control version of Eta. 

Eta-12 parallel grib files created include the following:

Eta12  :  218 grid 12 km resolution grid, surface fields only

Eta32  :  3-D 32 km resolution grid on pressure surfaces

5.0 Energy SREF Experiment

The 32 km experimental SREF breeding (I) and physics perturbation (II) experiments are run to support the New England Energy Program (NEEP) for FY03.  Thinned Grib files and Bufr data from all SREF members are provided to OAR to perform bias-corrected forecasts at points and for evaluation.  A subset of probabilistic products are sent to the  NCEP Energy SREF web page.  In addition, NMM-8 and Eta-12 bufr outputs are provided for model evaluation.  

5.1 Experimental SREF configuration.

The 32 km (60 levels) SREF is run twice/day at 06 and 18 UTC with 3 hourly forecasts out to 54 hours.  6 hour old GFS files are used for boundary conditions. The domain is the Table below lists the configuration for the breeding and physics perturbation runs.

All runs use lateral boundary conditions from the GFS ensembles.

Table 5.  32 km Breeding experiment (SREF-I):

Each model is run with 1 control run plus 2 breeding pairs(n1,p1,n2,p2).  Each pair is perturbed positively and negatively.

Member 
Model
x
# levels
Members 
Cloud physics
PBL, sfc  physics

#1-5 
Eta-BMJ
32 km
60
Ctl,,n1,n2,p1p2 *
Bett-Miller-Janic convection

Ferrier microphysics
Mellor-Yamada TKE

NOAH-LSM

#1-5
RSM-SAS
32 km
45
 Ctl,n1,n2,p1,p2
Simple Arakawa-Shubert


#1-5
Eta-Kfc
48 km
60
Ctl,n1,n2,p1,p2 
Kain-Fritsch convection

Ferrier microphysics 
Mellor-Yamada TKE

NOAH-LSM

Table 6.  32 km Physics/Breeding experiment (SREF_II).  * members are already run for resolution breeding SREF experiment.  Numbers under member represent nomenclature used to represent a model member. 

Member 
Model
x
# levels
Members


Cloud physics
Convective param

#1,2,4*
RSM-SAS
32 km
45
Ctl, n1,p1 
GFS physics
Simple Arakawa-Shubert

#2,4
RSM-RAS
32 km
45
n1,p1
GFS Physics
Relaxed-Arakawa -Shubert

#1,2,4*
Eta-BMJ
32 km
60
Ctl,n1,p1 
Op. Ferrier  microphysics 
Betts-Miller-Janic

#2,4* 
Eta-KFc
32 km
60
 n1,p1
Op. Ferrier  microphysics
 Kain-Fritsch

#1
Eta-FER
32 km
60
Ctl
Op. Ferrier Microphysics
Ferrier Shallow Convection 

#2
Eta-RAS
32 km
60
Ctl
Op. Ferrier microphysics
 Relaxed A-K

#3
Eta-KFc-DET 
32 km
60
Ctl
Op. Ferrier microphysics
Kain-Fritsch w/full detrainment

#4
Eta-BMJ-Mic
32 km
60
Ctl
Exp. Ferrier microphysics (more mixed-phased processes) 
Betts-Miller-Janic

#5
Eta-KFc-CON
32 km
60
Ctl
Exp. Ferrier microphysics w/ more freq. calls to  cloud water condensation & ice deposition
Kain-Fritsch

Table 7.  32 km Eta-Only Physics/Breeding experiment (SREF_III).  

Member 
Model
x
# levels
Members


Cloud physics
Convective Parmeteriz.

#1-5*
Eta-BMJ
32 km
60
Ctl,n1,n2, p1,p2
Op. Ferrier Microphysics
Betts-Miller-Janic

#1-5*
Eta-Kfc
32 km
60
Ctl,n1,n2, p1,p2
Op. Ferrier  microphisics
Kain-Fritsch

#1
Eta-FER
32 km
60
Ctl
Op. Ferrier microphysics
Ferrier shallow convection 



#2
Eta-RAS
32 km
60
Ctl
Op. Ferrier microphysics
Relaxed A-K

#3
Eta-KFC- DET 
32 km
60
Ctl
Op. Ferrier microphysics
 Kain-Fritsch w/full detraiment

#4
Eta- BMJ-Mic
32 km
60
Ctl
Exp. Ferrier microphysics (more mixed phase processes)
Betts-Miller-Janic

#5
Eta-KFc-CON
32 km
60
Ctl
Exp. Ferrier microphysics w/ more freq. calls to  cloud water condensation & ice deposition
Kain-Fritsch

5.2 Outputs provided.

The SREF energy files are available on:

ftp://ftpprd.ncep.noaa.gov/pub/mmb/sref/NewEngland

Grib Grid fields:

The thinned 3 hourly grib files contain the following fields  for each member:

Surface: HGHT, TMP, DPT, UGRD, VGRD, RH, SPFH, PRES, SHTFL, LHTFL, GFLUX, TSOIL,  DSWRF, USWRF, ULWRF, APCP.

850,700,500, 250 mb: HGT, TMP, SPFH, RH, UGRD, VGRD

Bufr sites:

Bufr files for each member and an Eta ensemble only mean(SREF-III) are produced for the following profiler sites: 

725064 41.92N  70.73W KPYM  PLYMOUTH                            MA   

726060 43.65N  70.32W KPWM  PORTLAND_INTL_JET         ME *  

000282 42.99N  70.62W APPL  APPLEDORE ISLAND             ME    

743890 43.90N  70.25W GYX   GRAY                                         ME

726050 43.20N  71.50W KCON  CONCORD_MUNICIPAL       NH*

726055 43.08N  70.82W KPSM  PEASE_AFB/PORTSMOUT    NH  

744994 42.85N  73.93W KSCH  SCHENECTADY_AIRPORT   NY  

000280 40.50N  74.45W RUTG  NEW BRUNSWICK (RUTGERS) NJ

* = Also an urban energy site.

In addition, individual member and mean(Eta only) Bufr files and NSSL Bias-corrected forecasts at several  urban areas are also being tested:

725080 41.93N  72.68W 
KBDL HARTFORD/BEDFORD
CT 

725090 42.37N  71.03W KBOS  BOSTON/LOGAN_INTL_&   MA

725095 42.27N  71.87W KORH WORCESTER_(AMOS)
MA

744900 42.47N  71.28W KBED  HANSCOM_FLD/BEDFORD MA (STOW) 

726170 44.47N  73.15W KBTV  BURLINGTON_INTL
VT

725070 41.73N  71.43W KPVD  PROVIDENCE/GREEN
RI 

725040 41.17N  73.12W KBDR  BRIDGEPORT/SIKORSKI
CT

