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Regional Climate Tutorial 

WRF$System$
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geogrid 

ungrib 

metgrid real 

Static Data 

GRIB Data 
NAM, FNL WRF 

Set up Model Domain 

Extract and Reformat MET GRIB Data 

Combine MET 
data (different 
data sources) 
with domain 
information 



Regional Climate Tutorial 

Fields$in$geo_em$files$

•  All invariant (static) data 
– XLAT &  XLONG 
– MAPFAC 
– LANDMASK 
– HGT 
– GREENFRAC 
– LANDUSEF & LU_INDEX 
– ALBEDO12M & SNOALB 
– SOILTEMP; SOILCTOP & SOILCBOT 

  

3 

Data availability: http://www.mmm.ucar.edu/wrf/users/ 
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Fields$needed$for$IM$files$–$6hourly$$
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3D Data (e.g. data on pressure levels) 
 Temperature ; U and V components of Wind 
 Geopotential Height; Relative Humidity  

  
2D Data 

 Surface Pressure; Mean Sea Level Pressure 
 Skin Temperature 
 2 meter Temperature and Relative Humidity 
 10 meter U and V components of wind 

 
Recommended 

 LANDSEA 
 Soil data (temperature and moisture) & soil height 
 SST (climate runs – requires) 
 Water equivalent snow depth  & SEAICE 



Regional Climate Tutorial 

Ungrib:$Example$Vtable$
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 GRIB1| Level| From |  To  | UNGRIB   |  UNGRIB | UNGRIB 
Param| Type |Level1|Level2| Name     |  Units  | Description 
-----+-----+-----+-----+---------+--------+---------------------------------------- 
  11 | 100  |   *  |      | T        | K       | Temperature 
  33 | 100  |   *  |      | U        | m s-1   | U 
  34 | 100  |   *  |      | V        | m s-1   | V 
  52 | 100  |   *  |      | RH       | %       | Relative Humidity 
   7 | 100  |   *  |      | HGT      | m       | Height 
  11 | 105  |   2  |      | T        | K       | Temperature       at 2 m 
  52 | 105  |   2  |      | RH       | %       | Relative Humidity at 2 m 
  33 | 105  |  10  |      | U        | m s-1   | U                 at 10 m 
  34 | 105  |  10  |      | V        | m s-1   | V                 at 10 m 
   1 |   1  |   0  |      | PSFC     | Pa      | Surface Pressure 
 130 | 102  |   0  |      | PMSL     | Pa      | Sea-level Pressure 
 144 | 112  |   0  |  10  | SM000010 | kg m-3  | Soil Moist 0-10 cm below grn layer 
 144 | 112  |  10  |  40  | SM010040 | kg m-3  | Soil Moist 10-40 cm below grn layer 
 144 | 112  |  40  | 100  | SM040100 | kg m-3  | Soil Moist 40-100 cm below grn layer 
 144 | 112  | 100  | 200  | SM100200 | kg m-3  | Soil Moist 100-200 cm below gr layer 
  85 | 112  |   0  |  10  | ST000010 | K       | T 0-10 cm below ground layer (Upper) 
  85 | 112  |  10  |  40  | ST010040 | K       | T 10-40 cm below ground layer (Upper) 
  85 | 112  |  40  | 100  | ST040100 | K       | T 40-100 cm below ground layer (Upper) 
  85 | 112  | 100  | 200  | ST100200 | K       | T 100-200 cm below ground layer 
  91 |   1  |   0  |      | SEAICE   | proprtn | Ice flag 
  81 |   1  |   0  |      | LANDSEA  | proprtn | Land/Sea flag (1=land,2=sea in GRIB2) 
   7 |   1  |   0  |      | HGT      | m       | Terrain field of source analysis 
  11 |   1  |   0  |      | SKINTEMP | K       | Skin temperature 
  65 |   1  |   0  |      | SNOW     | kg m-2  | Water equivalent snow depth 
 223 |   1  |   0  |      | CANWAT   | kg m-2  | Plant Canopy Surface Water 
 224 |   1  |   0  |      | SOILCAT  | Tab4.213| Dominant soil type category 
 225 |   1  |   0  |      | VEGCAT   | Tab4.212| Dominant land use category 
-----+-----+-----+-----+---------+--------+---------------------------------------- 
 



Regional Climate Tutorial 

ungrib$:$External$Data$Sources$

•  NNRP (R1) 
http://rda.ucar.edu/datasets/ds090.0/  
 

•  NCEP / DOE Reanalysis II  (Jan 1979 to Dec 2010) 
http://rda.ucar.edu/datasets/ds091.0/  

•  ERA Interim Data (~ 0.7o Global data; Jan 1979 to 
present) 
http://rda.ucar.edu/datasets/ds627.0/  
 

•  NCEP Climate Forecast System Reanalysis (CFSR) 
(~38km, global data; Jan 1979 to Dec 2010) 
http://rda.ucar.edu/pub/cfsr.html  
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ungrib$:$External$Data$Sources$

•  GFS Real-time 1o data 
http://www.emc.ncep.noaa.gov/  
 

•  Final Analysis (FNL) 
http://rda.ucar.edu/datasets/ds083.2  
 

•  GFS 0.5o Global data (Dec 2002 to present) 
http://rda.ucar.edu/datasets/ds335.0/  
 

•  SST data 
http://polar.ncep.noaa.gov/sst/oper/Welcome.html 
http://nomad3.ncep.noaa.gov/pub/sst/weekly/   
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ungrib$:$External$Data$Sources$

•  For climate runs CMIP data are available (netCDF)  

•  There are also data available from NCAR for CCSM3 
(netCDF plus converter) 

•  NCAR CESM – CMIP5 data (netCDF plus converter) 
http://rda.ucar.edu/datasets/ds316.0/  

 
•  NorESM data from Norway (netCDF plus converter ; 

data in IM format also available) 
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ungrib$:$External$Data$Sources$
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geogrid 

ungrib 

metgrid real 

Static Data 

Grid Data 
NAM, FNL WRF 

•  Input data from climate models are 
typically in netCDF format 

netCDF unnetCDF 
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Create$your$own$IM$files$
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Record 1:   IFV  
Record 2:   HDATE, XFCST, MAP_SOURCE, FIELD, UNITS, DESC, 
   XLVL, NX, NY, IPROJ  
Record 3:   STARTLOC, STARTLAT, STARTLON, DELTALAT, DELTALON, 

      EARTH_RADIUS 
Record 4:   IS_WIND_EARTH_REL  
Record 5:   2D DATA SLAB 

 call ncvgt( cdfid,id_var,is_sst,ie_sst,SST_DATA,rcode ) 
     field  = "SST" 
     units  = "K" 
     Desc   = "Sea Surface Temperature" 
     xfcst = 0.0 
     write(11) 5 
     write(11) hdate, xfcst, field, units, Desc, 200100.0,  

    1440, 720, 0 
     write(11) -89.875, 0.125, 0.25, 0.25, earth_rad 
     write(11) wind_type 
     write(11) SST_DATA 
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U3lity:$rd_intermediate$
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      The rd_intermediate lists information about the fields found in an 
intermediate-format file 

================================================ 
FIELD = TT 
UNITS = K DESCRIPTION = Temperature 
DATE = 2000-01-24_12:00:00 FCST = 0.000000 
SOURCE = unknown model from NCEP GRID 212 
LEVEL = 200100.000000 
I,J DIMS = 185, 129 
IPROJ = 1 
  REF_X, REF_Y = 1.000000, 1.000000 
  REF_LAT, REF_LON = 12.190000, -133.459000 
  DX, DY = 40.635250, 40.635250 
  TRUELAT1 = 25.000002 
DATA(1,1)=295.910950 
================================================ 
 



Regional Climate Tutorial 

U3lity:$ploImt$
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The plotfmt program plots the fields in the 
ungrib intermediate-formatted files 



Regional Climate Tutorial 

Intermediate$Files$in$netCDF$Format$
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Utility: int2nc.exe 
Plot:  plotfmt_nc.ncl 



Regional Climate Tutorial 

SST$vs$SKINTEMP$
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SST$vs$SKINTEMP$
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Regional Climate Tutorial 

Running$WPS$
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&ungrib 
 prefix     = ’GFS’ 

./metgrid.exe  

Use: Vtable.GFS   
link_grib.csh   ./gfs_<date>* 
 
./ungrib.exe 

&metgrid 
 fg_name         = ‘GFS’   ‘SST’ 

GFS:<date> 

&ungrib 
 prefix     = ’SST’ 

Use: Vtable.SST   
link_grib.csh   ./sst_<date>* 
 
./ungrib.exe SST:<date> 

Need either unmasked SST data, 
or a LANDSEA mask that match 

the SST input dataset 
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Model$Average$
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Jason Salavon 
http://cabinetmagazine.org/ 
issues/15/salavon.php 
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Bias$in$CCSM$Model$$
CCSM - Observed ASO Averaged SST CCSM ASO Averaged shear (m/s) 

NCEP/NCAR Reanalysis 

•  The accepted approach  
in evaluating climate models  
is to utilize anomalies rather than absolute fields.  
–  If decadal anomaly trends in the current climate is correct, we have some 

degree of confidence in the future anomaly predictions.  
–  We have confidence in the anomalies, even if there may be biases in the 

absolute fields. 
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Climate$Model$Fields$(SST&in&MDR)&
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Regional Climate Tutorial 

Correc3ng$Biases$

•  Altering the mean state 

•  Perturbing current climate (Pseudo 
Global Climate Warming) 

•  Quantile-Quantile mapping 

•  Altering the mean and variance  
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Biases$in$Climate$Model$Data$

FC = CC + ∆CT 

 Use a current climate 
average and the 
predicted future 
climate tends and 
variability 

 

FC = CC + ∆CT 

 Use current climate 
variability, and perturb 
with an estimated 
climate change 
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•  Describe 6-hourly CCSM data for entire simulation (1950-2060) 
as an average annual cycle plus a perturbation term: 

  CCSM   = CCSM + CCSM’   (1) 
 - using a 20-year averaging period (1975-1994), 
 - applied to variables: U,V,Z,T,RH,Surface T and PMSL 

 
•  Do the same for NCEP-NCAR Reanalysis data: 

  NNRP   = NNRP  + NNRP’   (2) 
 
•  Replace CCSM with NNRP: 

  CCSMc = NNRP  + CCSM’  (3) 
 
Base climate provided by NCEP-NCAR Reanalysis data and the 
weather and climate change signal provided by CCSM 
 

Bias$Correc3on$
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Choice of Base Period & Variance 
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Regional$Climate$Model$Data$Availability$
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http://rda.ucar.edu/datasets/ 
ds601.0/ 

http://www.mmm.ucar.edu/
prod2/nrcm/RCPP/RCPP.html 


