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TimelineTimeline
Summer 2000 Summer 2000 –– v4.3 releasedv4.3 released
July 2003 July 2003 –– v4.4 released (GPL Dec 2003, over 1700 v4.4 released (GPL Dec 2003, over 1700 
registered for downloads since then)registered for downloads since then)

Concurrently:Concurrently:
1998 1998 -- V5.0 started from a Brazilian project  V5.0 started from a Brazilian project  
Jul 2002 Jul 2002 –– v5.02v5.02
Jan 2003 Jan 2003 –– v5.03v5.03
Apr 2003 Apr 2003 –– v5.04v5.04
Sep 2003 Sep 2003 –– v5.05v5.05

v6.0 v6.0 –– First Alpha First Alpha –– Sep 2004 Sep 2004 –– Release Jan 2006Release Jan 2006

V6.1 V6.1 –– beta release “soon”beta release “soon”
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Developments for v5.xxDevelopments for v5.xx

New vertical coordinate (ADAP)New vertical coordinate (ADAP)
Land surface scheme (LEAF) improvementsLand surface scheme (LEAF) improvements
Data assimilation schemesData assimilation schemes
FDDA schemesFDDA schemes
History initialization optionHistory initialization option
11--way nestway nest
EE--epseps, E, E--l schemes from Silvia @ CNR, Torinol schemes from Silvia @ CNR, Torino
KainKain--Fritsch cumulus parameterizationFritsch cumulus parameterization
Simple urban canopy schemeSimple urban canopy scheme
Continued transition to Fortran 90Continued transition to Fortran 90
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RAMS Data Assimilation SchemesRAMS Data Assimilation Schemes

Recycle Recycle 
scheme which scheme which recyclesrecycles prior forecast’s fields of prior forecast’s fields of 
unobserved variables to initialize the current rununobserved variables to initialize the current run

Numerous variables required on initialization are not observed
Ability to specify soil and vegetation properties from previous 
forecast fields
Can be extended to any field (clouds, etc.)
Has been used successfully for soil moisture by several users over 
the years, but now is a standard option
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RAMS Data Assimilation SchemesRAMS Data Assimilation Schemes

Antecedent Precipitation IndexAntecedent Precipitation Index
scheme which uses past (observed) precipitation scheme which uses past (observed) precipitation 
to assist in defining the initial soil conditions for to assist in defining the initial soil conditions for 
the start of a model runthe start of a model run

“Stripped-down” RAMS with only soil/vegetation schemes executed
All atmospheric parameters specified from previous forecast
Precipitation data specified from observations/radar/satellite
Example:
• 0000 UTC forecast time on the 30th
• Back up to 0000 UTC on the 29th
• Run RAMS in API mode for 24 hours
• Initial soil moisture field available for 0000 UTC on 30th

Provides initial soil moisture and all other soil/vegetation properties 



ATmospheric, Meteorological, and Environmental Technologies

RAMS Data Assimilation SchemesRAMS Data Assimilation Schemes

Cumulus InversionCumulus Inversion
scheme which uses past (observed) precipitation scheme which uses past (observed) precipitation 
rates to compute convective heating and rates to compute convective heating and 
moistening ratesmoistening rates

All atmospheric parameters specified from previous forecast
Precipitation data specified from observations/radar/satellite
Convective parameterization is “inverted” 
Usually inputs atmospheric properties and outputs precipitation rate, 
heating and moistening profiles
Inverted to input precipitation rate, still outputs heating and moistening 
profiles
Intended for coarser grid spacings where convective parameterizations 
would be used
Heating/moistening profiles are used in assimilation run (3-6 hours) prior 
to actual forecast start
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RAMS Data Assimilation SchemesRAMS Data Assimilation Schemes

Condensate NudgingCondensate Nudging
scheme which uses prior forecast’s scheme which uses prior forecast’s 
condensate to nudge fields during condensate to nudge fields during 

assimilation runassimilation run

Prior forecast results of condensate are used in assimilation run 
(3-6 hours) prior to actual forecast start
Done in conjunction with other assimilation techniques
Nudging done similarly to FDDA nudging
Primarily intended for fog, low/mid-level stratus
Of course, if forecast is very bad… 
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RAMS Data Assimilation SchemesRAMS Data Assimilation Schemes

History InitializationHistory Initialization
ability to start run by defining ALL fields ability to start run by defining ALL fields 

from a previous runfrom a previous run

Designed to allow complete change of grid structure
If grids match, direct copy of information; otherwise interpolation
ALL fields from history file interpolated to new grid structure
Primarily intended for use where a large difference exists between 
grids in original run and new run
Example:
• Emergency response system for Japanese nuclear plants (Mitsubishi 

Heavy Industries, Nagasaki)
• Mesoscale forecast run down to 2 km grid
• High-resolution dispersion run at scale of plant
• Coarse grid – 50m spacing
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RAMS Data Assimilation SchemesRAMS Data Assimilation Schemes

OneOne--way nestway nest
ability to define fine grid boundaries from ability to define fine grid boundaries from 

a previous run of a coarse grida previous run of a coarse grid

Not intended as replacement where two-way nest can be used
Nested grid has no affect on coarse grid
More boundary reflection, requires more smoothing in boundary 
region than two-way nest (standard boundary nudging used)
Example:
• Mitsubishi
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RAMS FDDA SchemesRAMS FDDA Schemes

Enhanced Analysis NudgingEnhanced Analysis Nudging
nudges prognosed model fields to a nudges prognosed model fields to a 

gridded data analysisgridded data analysis

Previous options only allowed specification of nudging strength for 
all variables and all grids

Option added to vary nudging strength:
• on different nested grids
• for different variables (wind, temperature, moisture, pressure)
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RAMS FDDA SchemesRAMS FDDA Schemes

Observational NudgingObservational Nudging
nudges prognosed model fields “directly” nudges prognosed model fields “directly” 

to the observationsto the observations

Designed to accommodate range of observations from 12-hour 
rawinsondes in large-scale runs to sonic anemometers in small-
scale runs
User-specified “update time” when observations are “analyzed” 
(typically every 15-30 minutes for standard obs)
Each observation location is queried at update time 
If observation times are “close enough” in time, values are 
interpolated
Observations are “analyzed” with 3-D Kriging interpolation 
scheme which produces variable and covariance fields
Nudging proceeds with user-specified timescales which can vary 
by grid and variable
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Changes for v6.0Changes for v6.0
HDF5 file formats (developed and maintained at NCSA)HDF5 file formats (developed and maintained at NCSA)

AdvantagesAdvantages
•• Standard, well documented. Effort underway to merge with Standard, well documented. Effort underway to merge with 

netCDFnetCDF
•• More efficient compression (VMore efficient compression (V--format: 75% vs. binary (32format: 75% vs. binary (32--bit), bit), 

HDF5: 75% vs. VHDF5: 75% vs. V--format)format)
•• Unlike VUnlike V--format, exact binary is recovered on read…format, exact binary is recovered on read…
•• … allows the removal of separate history files… allows the removal of separate history files
•• HDF5 handles all bookkeeping, no need to keep track of where HDF5 handles all bookkeeping, no need to keep track of where 

fields start on filefields start on file
•• Fields and attributes can create a selfFields and attributes can create a self--describing file describing file 

(*(*head.txthead.txt files will eventually disappear)files will eventually disappear)
•• Numerous 3Numerous 3rdrd--party apps to perform various tasks (h5diff, party apps to perform various tasks (h5diff, 

hdfviewhdfview, etc.), some without need of file conversion, etc.), some without need of file conversion
•• Can extract data to ASCII format (h5dump) without need of Can extract data to ASCII format (h5dump) without need of 

REVU (DUMP option)REVU (DUMP option)
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Planned developmentsPlanned developments
LambertLambert--Conformal projectionConformal projection
Double precision “Double precision “timetime””
Funded by US Air ForceFunded by US Air Force
•• RRTM/CARMA radiation schemesRRTM/CARMA radiation schemes
•• TEB urban canopyTEB urban canopy
•• ISAN replacementISAN replacement

Graphical user interfacesGraphical user interfaces
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LambertLambert--Conformal ProjectionConformal Projection

Primarily for compatibility with other 
models and applications
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Double precision Double precision timetime

To allow longer climate runs
• Current single precision variable can run into 

problems after ~ 120 days on 32-bit machines
• Double precision will allow ~ 3,000,000 years 

(if timestep is > 1sec)
• Minor changes to RAMS and post-processing 

apps 
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RRTM Radiation schemesRRTM Radiation schemes

US-government funded software from 
AER, Inc.
Validated by using line-by-line models
Shortwave scheme uses up to 35 species 
(usually 7, O2, CO, CO2, etc.), 16 bands, 
clouds, aerosols
BIG problem: original code takes 6 
seconds per column on Athlon! Will 
investigate speed-ups
Longwave scheme implemented in MM5 
and WRF and is reasonable speed.



ATmospheric, Meteorological, and Environmental Technologies

CARMA Radiation schemesCARMA Radiation schemes

From NASA
Implemented by CPTEC in Brazil
More sophisticated schemes which 
handle aerosols, etc.
Reasonable execution speeds
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TEB Urban CanopyTEB Urban Canopy

Developed by Valery Masson from Meteo-
France, we have received permission to 
distribute as part of RAMS
Treats urban area as subgrid-scale entity
Three surfaces: roofs, roads, walls
Following figures from Meteo-France web 
site…
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TEB Urban Canopy FeaturesTEB Urban Canopy Features

Processes:
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TEB Urban Canopy FeaturesTEB Urban Canopy Features

Radiation:
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TEB Urban Canopy FeaturesTEB Urban Canopy Features

Inputs:
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TEB Urban Canopy FeaturesTEB Urban Canopy Features

Computed:
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ISAN ReplacementISAN Replacement
Project in 2005 to perform review of current state of 
3DVAR, 4DVAR, and Ensemble Kalman Filter and tested 
WRF 3DVAR scheme
Expected to recommend general usage of WRF 3DVAR (it 
has been advertised so much!)
But… group funding the study (AFTAC) needs data analyses 
for past events
3DVAR relies on error matrices, statistical relationship 
between grid point values and observations. Can be 
thought of as smoothing weights.
Best if error matrices computed from a historical set of runs 
(like in operational settings).
Not available for past runs. Ensembles can be generated, 
but if we need an ensemble, easier to use EKF scheme.
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ISAN ReplacementISAN Replacement

So…we decided to pursue an existing 
data analysis package that ingests a 
wide range of current observations…
LAPS – Limited-area Analysis and 
Prediction System
Developed at NOAA/FSL (Now 
NOAA/ESRL/GSD (Earth System 
Research Laboratory/Global Systems 
Division)
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LAPS slides from:LAPS slides from:

Local Data Assimilation and Modeling Local Data Assimilation and Modeling 
Applicable to NWS WFO OperationsApplicable to NWS WFO Operations

Brent L. Shaw *Brent L. Shaw *
Local Analysis and Prediction BranchLocal Analysis and Prediction Branch
Forecast Research DivisionForecast Research Division
NOAA Forecast Systems LaboratoryNOAA Forecast Systems Laboratory



ATmospheric, Meteorological, and Environmental Technologies

LAPS Analysis ComponentsLAPS Analysis Components

Raw data ingest and quality controlRaw data ingest and quality control
Analysis of state variablesAnalysis of state variables
•• TemperatureTemperature
•• WindsWinds
•• MoistureMoisture

Cloud analysisCloud analysis
Diagnostic variablesDiagnostic variables
Dynamic balanceDynamic balance
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Data IngestData Ingest
Use all available sourcesUse all available sources
•• National dataNational data

Model grids from RUC or Model grids from RUC or EtaEta for firstfor first--guess guess 
fieldsfields
METARsMETARs, satellite, wind profilers, ACARS, , satellite, wind profilers, ACARS, 
RAOBsRAOBs, etc., etc.

•• Local dataLocal data -- Often not available to Often not available to 
national data assimilation systems!national data assimilation systems!

Highway departmentsHighway departments
Agricultural networksAgricultural networks
Amateur radio (APRS) networkAmateur radio (APRS) network
UniversitiesUniversities
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Data IngestData Ingest
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Quality ControlQuality Control
Local data sets present QC Local data sets present QC 
challenges:challenges:
•• Poor sitingPoor siting
•• Poor maintenancePoor maintenance
•• Poor communicationsPoor communications

Result: Inaccurate, irregular Result: Inaccurate, irregular 
observations, leading to inconsistent observations, leading to inconsistent 
analysis products and poor forecast analysis products and poor forecast 
initializationinitialization
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Solution: Kalman FilterSolution: Kalman Filter
Provides a continuous station estimate of Provides a continuous station estimate of 
observation based on self trend, buddy trends, observation based on self trend, buddy trends, 
and NWP and NWP –– use for quality checkinguse for quality checking
With missing With missing obsobs –– maintain constant station maintain constant station 
countcount

Time

Station 
value

Kalman ob

Kalman continuous
model Obs

error

Possible bad ob
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Kalman QC AdvantagesKalman QC Advantages

Adaptable to small workstations Adaptable to small workstations –– works in works in 
observation spaceobservation space

Accommodates models of varying complexityAccommodates models of varying complexity--
Model error is a dynamic quantity within the Model error is a dynamic quantity within the 
filter, thus the scheme adjusts as model skill filter, thus the scheme adjusts as model skill 
variesvaries

The Kalman Filter creates a data continuum not The Kalman Filter creates a data continuum not 
dependent on data density or observational dependent on data density or observational 
regularity regularity –– products can be generated at any products can be generated at any 
desired time.desired time.
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Moisture AnalysisMoisture Analysis

Vertical Variational
Adjustment

Model Background          RAOBS            Surface

Successive 

Corrections

Method

“Observed”      Gridded Field

IR Radiances
GVAP
GPS IPW
Clouds

LAPS
Specific 
Humidity
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Moisture AnalysisMoisture Analysis
Variational AdjustmentVariational Adjustment
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Cloud Analysis SchemeCloud Analysis Scheme

Uses satellite (Uses satellite (VisVis and and 
IR)IR)
Aircraft observationsAircraft observations
Surface observationsSurface observations
RadarRadar
Interpolates cloud Interpolates cloud obsobs
to grid to grid 
Cloud feeds back into Cloud feeds back into 
water vapor analysiswater vapor analysis
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Cloud ModelCloud Model
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Final step required for consistency between cloud Final step required for consistency between cloud 
and moisture analysis and the mass and and moisture analysis and the mass and 
momentum fieldsmomentum fields
Retrieval of “observed” cloud vertical motion from Retrieval of “observed” cloud vertical motion from 
LAPS cloud analysis and a simple 1LAPS cloud analysis and a simple 1--D cloud D cloud 
modelmodel
Integral  variational analysis constrained by full Integral  variational analysis constrained by full 
equations of motion and continuity, allowing equations of motion and continuity, allowing 
clouds to impact mass and motion fieldsclouds to impact mass and motion fields
Explicit representation of model background error Explicit representation of model background error 
over entire gridover entire grid

Dynamic AdjustmentDynamic Adjustment
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Adjustments are applied on Adjustments are applied on incrementincrement
from background fieldfrom background field
Minimization of time tendencies ensure Minimization of time tendencies ensure 
smooth model startsmooth model start

Dynamic AdjustmentDynamic Adjustment
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Dynamic Balance EquationsDynamic Balance Equations

( ) b  are background quantities; (^) are solution increments from background; 
( )’ are observation differences from background

Dynamic Balancing and Continuity Formalism
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Cloud, Wind and Mass Dynamic Cloud, Wind and Mass Dynamic 
AdjustmentAdjustment
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T>  0^
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Results of AnalysisResults of Analysis

3D Grids suitable for 3D Grids suitable for nowcastingnowcasting
•• T, p, u, v, wT, p, u, v, w
•• qqvaporvapor, , qqcloudcloud, , qqrainrain, , qqsnowsnow, , qqiceice, , qqgraupelgraupel

•• Derived parametersDerived parameters
Balance ensures suitability for Balance ensures suitability for diabaticdiabatic
model initializationmodel initialization
•• Hydrometeors initialized at t=0Hydrometeors initialized at t=0
•• Elimination of model spinElimination of model spin--up problem!up problem!
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LAPS Deficiencies (Features)LAPS Deficiencies (Features)

Pressure vertical coordinatePressure vertical coordinate
Uses a modified Barnes scheme for the majority Uses a modified Barnes scheme for the majority 
of the variablesof the variables
LAPS can take significant time to execute. LAPS can take significant time to execute. 
It can only handle one data time and one grid It can only handle one data time and one grid 
per execution. per execution. 

The code itself is broken into The code itself is broken into 3838 executables, executables, 
each performing its own distinct task, with its each performing its own distinct task, with its 
own memory structure, etc. PERL scripts control own memory structure, etc. PERL scripts control 
processing.processing.
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LAPS Development TasksLAPS Development Tasks

1)1) Separate ISAN completely from RAMSSeparate ISAN completely from RAMS
•• Use ISAN as a topUse ISAN as a top--level driver for the LAPS level driver for the LAPS 

codecode
•• Set up a common memory structureSet up a common memory structure
•• Handle the calling of the various LAPS Handle the calling of the various LAPS 

components, which will be converted from components, which will be converted from 
separate executables to subroutines. separate executables to subroutines. 

•• This structure will also handle executing This structure will also handle executing 
multiple data times and grids.multiple data times and grids.

•• MPI calls (mostly) at this levelMPI calls (mostly) at this level
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LAPS Development TasksLAPS Development Tasks

2)2) Implement distributed memory parallelism Implement distributed memory parallelism 
(MPI) on the slowest LAPS components. (MPI) on the slowest LAPS components. 
•• With a common memory structure, this task With a common memory structure, this task 

will be easier to implement and maintain.will be easier to implement and maintain.
•• MPI calls (mostly) at the driver lever.MPI calls (mostly) at the driver lever.
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LAPS Development TasksLAPS Development Tasks

3)3) Implementation of a generalized height Implementation of a generalized height 
coordinate.coordinate.
•• An “arbitrary” 3d array of heights defines the levels on An “arbitrary” 3d array of heights defines the levels on 

which the processing is done. These heights can be which the processing is done. These heights can be 
defined in numerous ways: geopotential (to emulate defined in numerous ways: geopotential (to emulate 
pressure coordinates), terrainpressure coordinates), terrain--following (as in RAMS), following (as in RAMS), 
Cartesian, or any mixture that makes sense. WRF Cartesian, or any mixture that makes sense. WRF 
sigmasigma--p coordinates should be able to be input easily. p coordinates should be able to be input easily. 

•• Each LAPS component will need to be converted from Each LAPS component will need to be converted from 
the pressure coordinate to a height coordinate. the pressure coordinate to a height coordinate. 

•• This cannot emulate isentropic coordinates, so we will This cannot emulate isentropic coordinates, so we will 
explore the possibility of a hybrid coordinate. explore the possibility of a hybrid coordinate. 
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LAPS Development TasksLAPS Development Tasks

4)4) Explore Barnes alternatives. Explore Barnes alternatives. 
•• Numerous possibilities Numerous possibilities 
•• We will perform preliminary testing of various We will perform preliminary testing of various 

schemes, comparing with the current scheme, schemes, comparing with the current scheme, 
see how they perform, then implement the see how they perform, then implement the 
most reasonable.most reasonable.



ATmospheric, Meteorological, and Environmental Technologies

LAPS Development TasksLAPS Development Tasks

5)5) Observation file formats Observation file formats 
•• LAPS uses specific ASCII formats, different LAPS uses specific ASCII formats, different 

than the RAMS GDF (Ralph) formats. than the RAMS GDF (Ralph) formats. 
•• Numerous other RAMSNumerous other RAMS--related applications related applications 

(ODA, (ODA, revu_strevu_st, ODV, etc.) that uses the , ODV, etc.) that uses the 
observational dataobservational data

•• Either a set of converters will be necessary, Either a set of converters will be necessary, 
or if possible, come into agreement with FSL or if possible, come into agreement with FSL 
on a common data format.on a common data format.
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LAPS Development TasksLAPS Development Tasks

6)6) Observation quality control Observation quality control 
•• Several types of quality control are done as part of the Several types of quality control are done as part of the 

current LAPS processing. current LAPS processing. 
•• However, the QC is done as part of the LAPS However, the QC is done as part of the LAPS 

processing stream, meaning that LAPS has to be run processing stream, meaning that LAPS has to be run 
with the observational components activated. with the observational components activated. 

•• Configure the general QC components into a separate Configure the general QC components into a separate 
application.application.

•• Can include the things in our standalone package along Can include the things in our standalone package along 
with the various LAPS techniques. The new (hopefully with the various LAPS techniques. The new (hopefully 
standardized) file formats would have QC flags, like the standardized) file formats would have QC flags, like the 
current Ralph format, which the individual applications current Ralph format, which the individual applications 
can use.can use.
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LAPS New Structure SchematicLAPS New Structure Schematic

ISAN –> driver and memory structure

Read obs QC obs

T anal Wind anal

Also separate 
application

Prepare
varfiles

Loop over data times

Loop over gridsMPI MPI

LAPS Processes …………………
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Graphical User InterfacesGraphical User Interfaces

RAMSRAMS
CAMxCAMx
iVANiVAN
New LAPSNew LAPS
Observational Data Viewer (ODV)Observational Data Viewer (ODV)
Emergency response systemEmergency response system
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Current ApplicationsCurrent Applications
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Wind forecasting for renewable Wind forecasting for renewable 
energyenergy

ParquesParques eólicoseólicos (wind farms) (wind farms) 
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Wind forecasting for renewable Wind forecasting for renewable 
energyenergy

Spain has second most number of wind turbines Spain has second most number of wind turbines 
in  the world (US is first, but Spain has most per in  the world (US is first, but Spain has most per 
capita) capita) 
IberdrolaIberdrola has about 100 different sites where has about 100 different sites where 
wind turbines are installed, covering much of wind turbines are installed, covering much of 
SpainSpain
Sites provide a challenge; in usual forecasting Sites provide a challenge; in usual forecasting 
case, we verify for stations located in valleys case, we verify for stations located in valleys 
(where people live)(where people live)
Wind farms are located on smallWind farms are located on small--scale scale 
topography, usually on tops of ridge linestopography, usually on tops of ridge lines
Further, turbines are located higher above Further, turbines are located higher above 
ground than most observationsground than most observations
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Wind forecasting for renewable Wind forecasting for renewable 
energyenergy

The challenge: produce hourly wind The challenge: produce hourly wind 
forecasts for smallforecasts for small--scale (~ 1 km), scale (~ 1 km), 
complex topography, over a large complex topography, over a large 
area (1000 x 1000 km) with area (1000 x 1000 km) with 
reasonable computer resourcesreasonable computer resources
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Wind forecasting for renewable Wind forecasting for renewable 
energyenergy

Configure RAMS to cover the entire Iberian Configure RAMS to cover the entire Iberian 
Peninsula at a reasonable resolution (4km)Peninsula at a reasonable resolution (4km)
Forecasts are run 3 times per day (0000, 1200, Forecasts are run 3 times per day (0000, 1200, 
1800 UTC)1800 UTC)
Complete automation of operational system from Complete automation of operational system from 
data collection to model execution to web site data collection to model execution to web site 
updating (realupdating (real--time graphics and verifications).time graphics and verifications).
Wind forecasts are given to another algorithm to Wind forecasts are given to another algorithm to 
compute energy productioncompute energy production
But 4 km resolution will not adequately resolve But 4 km resolution will not adequately resolve 
the topography….the topography….
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Wind forecasting for renewable Wind forecasting for renewable 
energyenergy

Perform adjustments on the 4km model Perform adjustments on the 4km model 
output:output:
•• Use a diagnostic wind model (CALMET) using Use a diagnostic wind model (CALMET) using 

RAMS fields and higher resolution topographyRAMS fields and higher resolution topography
•• Configure RAMS in a “diagnostic” mode:Configure RAMS in a “diagnostic” mode:

Each hour, run RAMS for 10 minutes at 100m grid Each hour, run RAMS for 10 minutes at 100m grid 
spacingspacing
HighHigh--resolution topographyresolution topography
Allow wind field to come into adjust with topographyAllow wind field to come into adjust with topography

•• Statistical adjustment of raw model outputStatistical adjustment of raw model output
•• So far, “diagnostic” RAMS is producing best So far, “diagnostic” RAMS is producing best 

wind forecast resultswind forecast results
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Operational forecast systemsOperational forecast systems

Computer hardware:Computer hardware:
•• Linux “Beowulf” clusterLinux “Beowulf” cluster
•• Dual Xeon nodesDual Xeon nodes
•• RAMS RAMS –– 24 nodes24 nodes
•• Gigabit interconnectGigabit interconnect
•• 1.2 1.2 TByteTByte disk storagedisk storage
•• Second cluster runs Second cluster runs 

diagnostic RAMSdiagnostic RAMS
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Operational AQ forecast systems Operational AQ forecast systems 
in Spainin Spain
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Operational AQ forecast systemsOperational AQ forecast systems

New regulations by some of the Spanish New regulations by some of the Spanish 
autonomous governments require air autonomous governments require air 
quality forecasting systems be quality forecasting systems be 
implemented if new power plants are builtimplemented if new power plants are built
If forecast pollution will exceed a certain If forecast pollution will exceed a certain 
level, decisions may be made to reduce level, decisions may be made to reduce 
output of power plants or industries in the output of power plants or industries in the 
regionregion
Two air quality forecasting systems are Two air quality forecasting systems are 
under development using RAMS and CAMxunder development using RAMS and CAMx
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Operational AQ forecast systemsOperational AQ forecast systems

Somewhat similar configuration to Somewhat similar configuration to 
wind farm systemwind farm system
Automated system:Automated system:
•• Data collection and processingData collection and processing
•• Model execution (RAMS and CAMx)Model execution (RAMS and CAMx)
•• Results and verifications posted on web Results and verifications posted on web 

sitesite
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Operational AQ forecast systemsOperational AQ forecast systems

Forecasts 4 times per day (00, 06, 12, Forecasts 4 times per day (00, 06, 12, 
1800 UTC), 36 hour forecasts1800 UTC), 36 hour forecasts
Meteorological input data from NCEP in USMeteorological input data from NCEP in US
RAMS grid configuration (40km, 10km, RAMS grid configuration (40km, 10km, 
2km, 500m)2km, 500m)
CAMx grid configuration (10km, 2km, CAMx grid configuration (10km, 2km, 
500m)500m)
Will be configured in assimilation mode, Will be configured in assimilation mode, 
where current forecast will start from where current forecast will start from 
results of previous forecastresults of previous forecast
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Operational AQ forecast systemsOperational AQ forecast systems

Emissions most difficult part of accurate air Emissions most difficult part of accurate air 
quality forecasting. Using emissions from quality forecasting. Using emissions from CorineCorine--
AireAire dataset for Europe (50 km grid)dataset for Europe (50 km grid)
Very little “observed” emission data to use; some Very little “observed” emission data to use; some 
point source information available from power point source information available from power 
plantsplants
Need to make assumptions to develop higher Need to make assumptions to develop higher 
resolution gridded fields for CAMxresolution gridded fields for CAMx
Use of “surrogate” information (such as Use of “surrogate” information (such as 
population) to redistribute emissions to higher population) to redistribute emissions to higher 
spatial resolutionspatial resolution
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Episodic AQ simulations in Episodic AQ simulations in 
SpainSpain

Episodic simulations are required by Episodic simulations are required by 
some autonomous governments some autonomous governments 
when new power plants are builtwhen new power plants are built
Equivalent of environmental impact Equivalent of environmental impact 
statements required by some US statements required by some US 
states and EPAstates and EPA
Over past four years, we have been Over past four years, we have been 
involved in simulations for 8 involved in simulations for 8 
locationslocations
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Episodic AQ simulationsEpisodic AQ simulations

Each location defines 3 episodes: low, Each location defines 3 episodes: low, 
medium, and high pollution levelsmedium, and high pollution levels
Seven day runs are made of RAMS and Seven day runs are made of RAMS and 
CAMx, first 2 days are “spinCAMx, first 2 days are “spin--up” daysup” days
Control run is defined as gridded Control run is defined as gridded 
emissions with all existing point sources emissions with all existing point sources 
active, as occurred at the timeactive, as occurred at the time
Numerous sensitivity runs of each episode Numerous sensitivity runs of each episode 
look at impact of varying the number of look at impact of varying the number of 
plants active plants active 
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Episodic AQ simulationsEpisodic AQ simulations

RAMS and CAMx resolutions down to RAMS and CAMx resolutions down to 
1 km in some cases1 km in some cases
Focus on Focus on NONOxx, O, O33, PM10, PM10
Emissions continue to be difficultEmissions continue to be difficult
Both Both CorineCorine--AireAire and EDGAR global and EDGAR global 
emission dataset were usedemission dataset were used
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Episodic AQ simulationsEpisodic AQ simulations

General results show:General results show:
•• Ozone verification were good for Ozone verification were good for 

summer, less accurate in winter (more summer, less accurate in winter (more 
transport from regions outside of CAMx transport from regions outside of CAMx 
domain)domain)

•• PM values were lacking emissions from PM values were lacking emissions from 
natural sources. Dust from Sahara can natural sources. Dust from Sahara can 
be significant.be significant.

•• NOxNOx showed a general low bias. showed a general low bias. 
Currently investigating the reasons.Currently investigating the reasons.
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USFS FireUSFS Fire--weather operational weather operational 
systemsystem

USFS USFS -- United States Forest ServiceUnited States Forest Service
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USFS Rocky Mountain Center (RMC)USFS Rocky Mountain Center (RMC)
• What information does RMC deliver ?

- Observed weather, e.g. temperature, winds, relative 
humidity, precipitation amount, precipitation type, etc. and 
weather-based fire indices such as Fosberg, Haines, 
Ventilation etc.;
- Predicted weather up to 72 hours into the future;
- Point Forecasts: predictions of weather parameters and fire 
danger indices at user-specified locations;
- Smoke Forecasts: predictions of dispersion of surface 2.5 
PM concentration from wildfires and prescribed burns;

• What geographic areas does the RMC Product cover ?

- Main Domain (6-km grid spacing) covers the entire Western 
USA;
- 10 Subdomains (6-km resolution) covers Rocky Mountain 
Region, Southwest, Eastern Great Basin, and several individual 
states;
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RMC Main DomainRMC Main Domain
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Forecast
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Forecasts
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RAMS Very HighRAMS Very High--Resolution Resolution 
SimulationsSimulations
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Building size:

Δx=20m   Δy=30m  Δz=25m

Cedval: 1:200

Flow around a Flow around a 
single buildingsingle building
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Flow through downtown regionFlow through downtown region

After 30 After 30 
minutes of minutes of 
simulationsimulation
100m AGL100m AGL
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Flow through downtown regionFlow through downtown region
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Emergency Response for Emergency Response for 
Nuclear Power PlantsNuclear Power Plants

Mitsubishi Heavy Industries, Nagasaki, JapanMitsubishi Heavy Industries, Nagasaki, Japan
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Accident Identification and Processing System (AIPS)

Accident Course Inference System (ACIS)

Accident Simulation Analysis System 
(ASAS) Environmental Dose Projection System (EDPS)

MHI MEASURESMHI MEASURES
((MMultiple Radiological ultiple Radiological EEmergency mergency AAssistance ssistance SSystem for ystem for UUrgent rgent ResResponse)ponse)

RAMS/HYPACT
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MEASURESMEASURES
Environmental Dose Projection System (EDPS)Environmental Dose Projection System (EDPS)

Flow simulation Radiation 
simulation

3-D radioactive 
cloud

animation


