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Outline of this talk
* Introduction \

* What is ISOR/Belgingur
* Atmospheric modeling

* The WRF modeling system
* Pre-processing

* Model physics
* Running the model and data visualization
* The ISOR/Belgingur forecasting suite

* Introduction
* Demonstration
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About ISOR (aka Iceland Geosurvey)

* Established in 2003 when the GeoScie
National Energy Authority of Iceland was spun off as a

separate entity

* A self-financing, state-owned, non-profit institution

* More then six decades of continuous experience in the
field of geothermal and hydropower research and

development
* Provides over half of the teaching staff of the UNU
Geothermal Training Programme, operated since 1979
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About Belgingur
* Founded in 2001 - wwm

* Mixed private and governmental ownership
* 90% private
* 10% owned by ISOR (aka Iceland Geosurvey)

* Strong tradition in atmospheric research

* Atmospheric flow in complex terrain

* Dynamical downscaling of global climate data
* QOperational forecasts since 2004

* www.belgingur.is
* On-Demand forecasts since 2012

* SARWeather — www.sarweather.com
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* Long time collaborators h’

* NOAA/ESRL in Boulder, USA

* ISOR, Iceland

* The Icelandic Meteorological Office

* University of Bergen, Norway

* University of Iceland and Reykjavik University, Iceland
* Service provider for

* GDACS - Global Disaster and Alerts Coordination System
* SARWeather On-Demand forecasts

* Landsvirkjun — The Icelandic Power Company
* Vegagerdin — The Icelandic Road Authorities
* The Icelandic Meteorological Office (2004-2012)
* Eneco Ltd., the Netherlands
* 365 Media, Iceland
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Horizontal Grid
(Latitude-Longitude)

to be integrated forward in
time to produce a weather
forecast

Vertical Grid
(Height or Pressure)
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Physical Processes in a Model

solar  terrestrial
radiation radiation
5 4

Initial and
boundary data
come from

global models
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the atmospheric flow and need
to be integrated forward in
time to produce a weather
forecast

Regional



The WRF atmospheric model

Open source model developed in collaboration of

* NCAR, NOAA, AFWA, NRL, Univ. of Oklahoma & FAA
Five development teams with sixteen workgroups

* More than 160 official developer

* Additional development by academic and governmental

institutions in the US and abroad

* Very large user community (>20.000), excellent support
Non-hydrostatic
Regional and global applications
Wide range of scales for both real time and idealized
applications

 Optional data assimilation (3D-VAR, 4D-VAR, and FDDA)

* Has been modified for volcanic applications

* Includes a dust module (re-suspension of dust/ash)
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External
Data Source

Alternative

WRF
Pre-Processing

System y,

Obs Data

Conventional
Obs Data

Ideal Data
2D: Hill, Grav,
Squall Line & Seabreeze
3D: Supercell ; LES ;
Baroclinic Waves ;
Surface Fire and

Tropical Storm

Global: heldsuarez

OBSGRID

WRF
Terrestrial
Data

R

—
— >

Gridded Data:
NAM, GFS,
RUC, NNRP,
NCEP2, NARR,
ECMWF, etc.
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4. Interpolates time-varying meteorological fields from
another model onto simulation domains
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External Data
Sources

Static
Geographical

Data

Gridded Data:
NAM, GFS, RUC,
AGRMET, etc.
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WRF Preprocessing System

geogrid

metgrid




think geographical

think un+grib

think meteorological
from

ungrib defined by geogrid
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External Data
Sources

Static
Geographical

Data

Gridded Data:
NAM, GFS, RUC,
AGRMET, etc.

WRF Preprocessing System

geogrid

metgrid

geogrid: think geographical
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Coriolis parameters at each grid point
 Horizontally interpolate static terrestrial data (e.g.,
topography height, land use category, soil type,

vegetation fraction, monthly surface albedo)

> BELGINGUR



, BELGINGUR



1 dx=45km

e
]
dx=5k
%\\(’$ / \4 Nesting
2 dx=15km ‘ level 1
Nestin
3 ovel 2

Nesting structure
shown as a tree for
the domains at left

=) seaincurRelative location of inner domains is set in namelist.wps



, BELGINGUR



. Input data on

WRF grid lat/lon grid

I
I
odbo
I
==1r=-l
I
I
cmde-
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\
In general, source data are given on a differen
projection from the model grid
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geo_em.don.nc

* geo _em.do1.nc
* geo_em.do2.nc
* geo _em.do3.nc
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External Data
Sources

WRF Preprocessing System

Static id
Geographical geogri
Data

Gridded Data:
NAM, GFS, RUC,
AGRMET, etc.

ungrib: think un+grib
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extract
Vtables are files that give the GRIB codes for fields to be
extracted from GRIB input files
One Vtable for each source of data
Vtables are provided for: NAM 104, NAM 212, GFS,

AGRMET, and others
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Ungrib: Intermediate file format

* After extracting fields listed in Vtable, ungrib writes those
fields to intermediate format
* For meteorological data sets not in GRIB format, the user
may write to intermediate format directly
* Allows WPS to ingest new data sources (basic
programming required of user)
* Simple intermediate file format is easily read/written
using routines from WPS ( and
)
* Output files named FILE:YYYY-MM-DD_HH

* YYYY is year of data in the file; MM is month; DD is day;
HH is hour

e Alltimes are UTC

BELGINGUR
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External Data
Sources

Static
Geographical
Data

Gridded Data:
NAM, GFS, RUC,
AGRMET, etc.

WRF Preprocessing System

metgrid: think meteorological
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extracted by ungrib defined
by geogrid
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land points -
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met_em.don.YYYY-MM-DD_HH:mm:ss.nc

> BELGINGUR




Vertical interpolation to WRF sigma levels is
performed in the real program
Domain definitions

and interpolated
geographical data

Horizontally interpolated
meteorological fields

Meteorological
fields from GRIB
files
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cloud detrainment

Microphysics

cloud
effects

non
convective rain

convective rain

Radiation PBL

surface
fluxes
SH, LH

surface
emission/
albedo

surface
T, Qv, wind

downward
SW, LW

Surface
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Illustration of Free Atmosphere Radiation Processes

Shortwave

Longwave Shortwave

Longwave

7&ction scattering
model o /

layer legr sk ~ absorption
clear sky LW emission

surface */ 1 l %urfacc

cmissivity albedo



day), stronger cooling at clouc
cloud base
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Exchange coefficients
for heat and moisture

Land-surface fluxes
of heat and moisture

Friction stress and

Water-surface fluxes
of heat and moisture
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Precipitation

‘\ Transpiration Turbulent heat
AN

snow, plant canopy
A

y water
On vegetation evaporation

Deposition/
sublimation to/from

Direct soll snowpack

evaporation P Dew
Evaporation I / deposition/

from open evaporation

water Meltwater
1 runoff
et
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Illustration of PBL Processes

stable layer/free atmosphere vertical diffusion

entrainment

nonlocal mixing

surface layer sensible heat flux latent heat flux .
friction

GV //77/077077077/07707707707707 70777707777
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WRF PBL options

PBL schemes can be used for most grid sizes when surface

fluxes are present

* Lowest level should be in the surface layer

* Important for surface (2m, 10m) diagnostic
interpolation

* With ACM2, GFS and MRF schemes, lowest full level should
be 0.99 or 0.995, not too close to 1

* TKE schemes can use thinner surface layers

* Assumes that PBL eddies are not resolved

* At grid size dx << 1km this assumption breaks down

e Can use 3d diffusion instead of a PBL scheme in WRF
Version 3 (coupled to surface physics)

* Works best when dx and dz are comparable

BELGINGUR
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IHlustration of Cumulus Processes

detrainment

* compensating

subsidence
downdra

entrainment

\ boundary layer
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Cumulus schemes

* Used for grid columns that completely contain convective
clouds
* Re-distribute air in column to account for vertical
convective fluxes
* Updrafts take boundary layer air upwards
* Downdrafts take mid-level air downwards
* Schemes have to determine
* When to trigger a convective column
* How fast to make the convection act
* Clouds only activate in columns that meet certain criteria
* Presence of some CAPE in sounding
* Not too much convective inhibition (CIN) in sounding
e Minimum cloud depth from parcel ascent

BELGINGUR
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* Condensation, evaporation, deposition, sublimation,
freesing, and melting
* Particle types
* Cloud water, raind drops, ice crystals, snow, graupel,

hail
* Processes

* Aggregation, accretion, growth, and fall-out
.e) BELGINGUR




Microphysics: Single vs. double moment schemes

* Single-moment schemes have one prediction equation for
mass (kg/kg) per species (Qr, Qs, etc.) with particle size
distribution being derived from fixed parameters

* Double-moment (DM) schemes add a prediction equation
for number concentration (#/kg) per DM species (Nr, Ns,

etc.)
* DM schemes may only be double-moment for a few

species

* DM schemes allow for additional processes such as size-
sorting during fall-out and sometimes aerosol (CCN)
effects

BELGINGUR
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Ideal.exe
real.exe
\_ J

i Programs to Program to
create IC/BC integrate model
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namelist.input
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namelist
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namelist record &time_control

run_days
run_hours

domain 1 option

run_minutes
run_seconds
start_year
start month
start day
start _hour
start minute
start_second
end year = 2004,] 2000, 2000
end month
end day
end hour
end minute
end second

interval seconds
history interval

frames per outfile
restart interval

nest options

restart
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SARWeather @

Olafur Credit: 2586
Régnvaldsson (+1000)
[ Edit Account ] [ Buy More ]

Forecast Forecasts

[ Request New “ List of

Espargos

Latitude N16°36 Sal

Longitude W22°55'

2015-05-12 09:00 /

End 2015-05-12 21:00

Length 12 hr ga Maria

Cost 19 cr

New forecast from
Data 2015-05-12 00:00

[ Type |
Size Res. Cost [cr]
30 km 1km 5+0.5/hr

® 66 km 1km 5+1.2/hr
138 km 1km 5+2.5/hr
130 km 3 km 5+0.3/hr
256 km 3 km 5+0.8/hr
544 km 3 km 5+2.0/hr
547 km 9 km 5+0.2/hr
1015 km 9 km 5+0.4/hr
2005 km 9 km 5+1.0/hr

Aviation - Flight-level plots at
additional cost
v Public - Visible to other users

[ Start Forecast for 19 cr J

) === Followed by a live demo




Spring/summe
2010: Eruption in
Mt. Eyjafjallajokull

Spring 2010: USAR
conference in Ab
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May 2010: GDACS g“.'! A TS

annual meeting Gkt pedster Ao
and Coordination Syst
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WOD Workflow

1. WOD API breaks
request into tasks

2. Pre-processing
starts immediately

3. Weather modellers
started as needed

4. Post-processing
tasks run in parallel
with modeller

5. Output available
ASAP

\)

WOD Service API
& Task Scheduler
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<) BELGINGUR Another live demo!"!

Room to grow




Forecast On Demand
Three layer cake

Open source
atmospheric model and

input data
Customized Output, e.g.

Search And Rescue
( Weather)
Wind Energy
Road Authorities
Forecast On Demand
software stack
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Dataflow
static and dynamlc data

___________________

New global forecas’rq
every 6 hours G
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Static geographic data

Soils and Wetlands
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““Topography and Hydrography &



al Torecasts

elgingur fore
)) BELGINGUR 9.=3-1km grid From IPCC 2007
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Vatnajokull icecap, max
height is 1675m. Top
height of Mt.
Orazefajokull is only

At 1km resolution the max
height is 2020m. Top height of

Mt. Oraefajokull is now 1945m
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9 km resolution
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Importance of hlgh resolutlon

Vert 1 km resolutlon
ertical [320]

mixing at
higher levels
due to
mountain
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the flow
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None of these important features are visible at dx=9km, deep layer
or at resolutions of many current forecast models!
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- 100000

- 10000

1000

100

CPU power = Cost

10

120 100 80 60 40 20 0

Grid size [km]

Need 1000-times more CPU power to simulate a 1 km
resolution forecast than a 10 km one for the same region!
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The SUMO (Small
Unmanned
Meteorological
Observer) can
measure winds,
humidity, pressure,
and temperature
in a vertical profile
up 4km height
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This data can be assimilated Wlth
the WRF weather forecast "
/M. ,.. |
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SUMO and WRF

The SUMO-datais incorporated into the
WREF-simulation, via obs-nudging

SUMO-data
obs-nudging

W\

Run WRF-model

\ /)

Preprocessing Postprocessing
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Preliminary results

The SUMO dust sensor has been tested in France and Iceland
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