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•  Numerical	  Weather	  Models	  
•  Importance	  of	  resoluEon	  

•  Current	  Crisis	  Response	  System	  
•  SARWeather	  demonstraEon	  

•  Use	  of	  observaEons	  from	  UAS’s	  
•  On-‐going	  research	  
•  Conclusions	  
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Importance	  of	  high	  resoluEon	  

Global	  forecasts	  
15-‐50	  km	  grid	  

SARWeather	  forecasts	  
9	  –	  3	  –	  1	  km	  grids	  
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Importance	  of	  high	  resoluEon	  

When	  model	  
resoluEon	  is	  
increased	  to	  1	  km	  
the	  true	  complexity	  
and	  strength	  of	  the	  
wind	  field	  becomes	  
apparent	  

Very	  high	  
resoluEon	  –	  1	  km	  

Medium	  
resoluEon	  –	  9	  km	  
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Why	  not	  always	  use	  1km	  resoluEon?	  
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Need	  1000-‐Emes	  more	  CPU	  power	  to	  simulate	  a	  1	  km	  
resoluEon	  forecast	  than	  a	  10	  km	  one	  for	  the	  same	  region!	  
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•  You	  only	  need	  high	  very	  high	  resoluEon	  once	  
in	  a	  while?	  

•  Computer	  clouds	  (e.g.	  Azure,	  EC2	  and	  
GreenQloud)	  are	  starEng	  to	  offer	  HPC	  service	  

•  Offers	  great	  scalability	  
•  RelaEvely	  cheap	  
•  And	  there	  is	  already	  a	  soluEon	  out	  there	  	  

What	  if	  
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•  Good	  weather	  informaEon	  help	  improve	  
decision	  making	  

•  Current	  CRS	  uses	  the	  WRF	  model	  and	  consists	  
of	  a	  	  
•  Backend	  and	  Frontend	  

•  Frontend	  is	  called	  SARWeather	  
•  Easy	  to	  use	  
•  Fast	  
•  Flexible	  model	  output	  and	  presentaEon	  

•  CF	  and	  ArcGIS	  compliant	  output	  files	  
•  InteracEve	  and	  staEc	  maps	  

Crisis	  Response	  System	  
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Simulated	  and	  observed	  surface	  winds	  
on	  15	  July	  2009	  at	  13	  UTC	  	  

WRF	  at	  a	  
resoluEon	  of	  500	  
m	  forced	  with	  
ECMWF-‐data	  on	  
model	  levels.	  

Observed	  surface	  
winds	  in	  red	  

Mt.	  Esja	  

High	  resoluEon	  not	  always	  sufficient	  

Model	  simulates	  a	  
see-‐breeze	  that	  is	  
not	  seen	  in	  
observaEons	  
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SUMO	  and	  WRF	  

The	  SUMO	  (Small	  
Unmanned	  
Meteorological	  
Observer)	  can	  
measure	  winds,	  
humidity,	  pressure,	  
and	  temperature	  in	  
a	  verEcal	  profile	  up	  
to	  a	  4km	  height	  
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Can	  be	  operated	  in	  cold	  
climates	  



SUMO	  and	  WRF	  
This	  data	  can	  be	  assimilated	  with	  the	  
WRF	  weather	  forecast	  
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The	  SUMO-‐data	  is	  incorporated	  into	  the	  
WRF-‐simulaEon,	  via	  obs-‐nudging	  

SUMO	  and	  WRF	   13th	  WRF	  conference	  June	  2012	  
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Simulated	  and	  observed	  surface	  winds	  
on	  15	  July	  2009	  at	  13	  UTC	  	  

WRF	  at	  a	  
resoluEon	  of	  500	  
m	  forced	  with	  
ECMWF-‐data	  on	  
model	  levels	  and	  
SUMO	  data	  

Observed	  surface	  
winds	  in	  red	  

Mt.	  Esja	  

Effects	  of	  addiEonal	  observaEons	  

The	  flow	  structure	  
is	  now	  in	  much	  
befer	  agreement	  
with	  available	  
observaEons	  

13th	  WRF	  conference	  June	  2012	  

SARWeather – www.sarweather.com 



Effects	  can	  be	  far	  reaching	  

Fig. 15. a) Difference in 2 m temperature (K) and b) difference in sea level pressure (hPa) in domain 3 (1 km horizontal
resolution) between the CTRL and the FDDA-all simulations at 1600 UTC on 19 July 2009. Terrain elevation is given with
250 m contour intervals.

50

Fig. 2. Map of domain 2 (small, lower left, 3 km horizontal resolution) and of the MOSO experiment site (large, upper
right). The location of each automatic weather station is indicated by a dot and name. The stations additionally marked with
a star do not measure relative humidity. The main observation site /SUMO operation location of Eyrarbakki is marked by a
diamond. The outer extents of domain 3 (1 km horizontal resolution) are indicated with a grey box in the small map. Area
East is the area of main interest where the studied sea-breeze took place. The grey, dashed line (from A to B) indicates the
position of the vertical cross sections of wind speed and relative humidity in Figure 14.

37

CTRL	  -‐	  ObsNudge	  

Marius	  O.	  Jonassen,	  Haraldur	  Ólafsson,	  	  
Hálfdán	  Ágústsson,	  Ólafur	  
Rögnvaldsson,	  and	  Joachim	  Reuder	  
(2012).	  Improving	  a	  high	  resoluEon	  
numerical	  weather	  simulaEon	  by	  
assimilaEng	  data	  from	  an	  unmanned	  
aerial	  system.	  Accepted	  for	  publicaEon	  
in	  Monthly	  Weather	  Review	  

“SubstanEal	  improvements	  of	  winds,	  
temperatures	  and	  humidity	  in	  the	  
region	  are	  achieved”	  

50	  km	  
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Transminng	  data	  from	  the	  field	   13th	  WRF	  conference	  June	  2012	  
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Three	  profiles	  used	  to	  nudge	  
the	  forecast	  at	  Kmes	  11:55,	  
12:58	  and	  14:38	  UTC	  
Site	  alKtudes	  ~	  1300	  m.a.s.l.	  
Profile	  heights	  ~	  2000	  m.a.g.l.	  
From	  860hPa	  to	  650/680hPa	  

One	  profile	  used	  for	  
comparison	  at	  16:30	  UTC	  

ObservaEons	  made	  over	  Myrdalsjokull	  
ice	  cap	  in	  South	  Iceland	  on	  17	  May	  2012	  
Data	  can	  be	  transmifed	  via	  3G	  mobile	  
connecEon	  



Transminng	  data	  from	  the	  field	   13th	  WRF	  conference	  June	  2012	  
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ObservaEons	  made	  over	  
Myrdalsjokull	  ice	  cap	  in	  South	  
Iceland	  on	  17	  May	  2012	  

Obs	  in	  black	  
WRF	  -‐	  noSUMO	  in	  red	  
WRF	  -‐	  withSUMO	  in	  blue	  

Profile	  used	  for	  
nudging	  @	  14:38	  UTC	  

Profile	  used	  for	  
comparison	  @	  
16:30	  UTC	  

850	  hPa	  

750	  hPa	  

850	  hPa	  

750	  hPa	  

Temperature	  
Wind-‐
speed	  

Temperature	  

Wind-‐
speed	  

-‐20°C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐10°C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0°C	  	  	  	  	  	  	  5m/s	  	  	  10m/s	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

-‐20°C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐10°C	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  0°C	  	  	  	  	  	  	  	  5m/s	  	  	  	  10m/s	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Problems	  with	  low-‐level	  windspeed	  
and	  a	  cold	  bias	  2hrs	  awer	  last	  profile	  



The	  SUMO	  has	  been	  equipped	  with	  an	  opEcal	  dust	  sensor	  	  

AddiEonal	  sensors	  
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GP2Y1010AU0F	  is	  a	  dust	  sensor	  by	  opEcal	  sensing	  
system:	  
•  An	  infrared	  eminng	  diode	  (IRED)	  and	  an	  

phototransistor	  are	  diagonally	  arranged	  into	  
the	  device	  

•  It	  detects	  the	  reflected	  light	  of	  dust	  in	  air	  
•  Especially	  effecEve	  to	  detect	  very	  fine	  parEcle	  
•  In	  addiEon	  it	  can	  disEnguish	  smoke	  from	  house	  

dust	  by	  pulse	  pafern	  of	  output	  voltage	  
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SaturaEon	  at	  about	  500μg/m3	  
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The	  SUMO	  dust	  sensor	  has	  been	  tested	  in	  France	  and	  Iceland	  

Preliminary	  results	   13th	  WRF	  conference	  June	  2012	  
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The	  SUMO	  dust	  sensor	  has	  been	  tested	  in	  France	  and	  Iceland	  

Preliminary	  results	  

Sensor	  is	  now	  being	  calibrated	  and	  tested	  	  
with	  ash	  from	  Mt.	  Eyjazallajökull	  

Ascending	  
Descending	  
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 Figure 6  Runs 11 – 15, BU OPC results 
 
Discussion 
 
The BU – OPC DM equilibrium results are compared in figure 7 
 

y = 3E-12x5,7117

R2 = 0,9864
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  Figure 6  BU OPC and DustMate results compared   

CalibraEon	  –	  preliminary	  results	  

 2 

 The test facility 
 
The Bergen University OPC (BU OPC) is mounted in a top piece of a Sumo model airplane. 
(Figure  1). The piece is placed in the test section of the UI recirculating wind facility, the test 
section is 100 mm while the main windpipe is 75 mm. The intake nose of the piece is 
mounted in front of the center line of the 75 mm pipe to model the ambient free stream.  
 

 
 
 Figure 1 The UI test facility  
 
The blower is industrial ventilation blower with very stable delivery. Flow regulation is by 
narrowing the mixing range. The ash uses was Grímsvötn 2011 eruption. It is picked from the 
Núpsvötn and is therefore rather well sorted grainsize curve in the silt (10 – 60 micron ) range 
with a tail of fine dust in the aerosol range (1 – 10 micron).  
 
The ash is placed in the settling tank (Figure 2)where the wind picks it up and carries it 
around in about one second when the wind speed is 8.6 m/sec ion the main pipe. The 50 mm 
slip stream pipe of the DustMate is mounted in the pipe circle. DustMate is. Even sediment 
distribution is ensured by placing the test section vertical and by the faster velocity in the slip 
stream pipe. Numerical test results used are averages for longer time than 100 seconds or 100 
times round in the pipe during stationary wind velocity.  
 
The dust picked up in the settling tank is carried into the mixing range where circulating flow  

Settling  
tank 

Slip stream 
pipe 50 mm 

DustMate  
OPC  

Test ection 
100 mm 

Sumo 
model 
aircraft 

Blower Mixing 
range 

Main pipe 
75 mm 

Velocity 
meter •  The	  sensor	  (BU)	  readings	  show	  high	  

sensiEvity	  in	  the	  range	  125	  –	  300.	  
Awer	  that	  the	  sensiEvity	  is	  rather	  
low	  in	  the	  range	  350	  to	  700.	  

•  Using	  the	  meter	  for	  ash	  surveillance	  
for	  jet	  aircraws,	  the	  best	  thing	  would	  
be	  to	  designate	  below	  300	  as	  “safe”	  
but	  above	  400	  as	  “unsafe”	  
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System	  schemaEcs	  

Data	  assimilaEon	  
(opEonal)	  

Data	  source	  for	  
atmospheric	  model	   Misc.	  datasources	  

(opEonal)	  

User	  interface	  

Current	  research	  and	  development	  

IntegraEon	  with	  other	  systems	  
D4H	  
GDACS	  
MapAcEon	  
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System	  schemaEcs	  

OpEonal	  module	  

SEll	  under	  
development	  

IntegraEon	  with	  other	  systems	  
D4H	  
GDACS	  
MapAcEon	  

User	  interface	  

Data	  assimilaEon	  
(opEonal)	  

Misc.	  datasources	  
(opEonal)	  

Data	  source	  for	  
atmospheric	  model	  

Current	  research	  and	  development	   13th	  WRF	  conference	  June	  2012	  
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•  Model	  resoluEon	  is	  important	  
•  Especially	  in	  the	  vicinity	  of	  complex	  terrain	  

•  On-‐Demand	  CR	  system	  has	  been	  developed	  
•  Called	  SARWeather	  –	  www.sarweather.com	  	  

•  AddiEonal	  observaEons	  can	  improve	  the	  simulaEon	  
•  VerEcal	  profiles	  made	  by	  the	  SUMO,	  radiosondes	  or	  
other	  means	  

•  The	  SUMO	  is	  a	  low-‐cost	  system	  with	  many	  advantages	  
•  Proof	  of	  concept	  before	  invesEng	  in	  a	  more	  durable	  
and	  expensive	  UAS	  

•  AddiEonal	  sensors	  are	  being	  added	  to	  the	  system	  
•  Is	  currently	  being	  integrated	  to	  the	  SARWeather	  CR	  
system	  

Conclusions	  
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