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Objec+ves	
  

The	
  INTOGENER	
  project	
  aim	
  at	
  overcoming	
  these	
  obstacles	
  by	
  the	
  
integrated	
  use	
  of:	
  
•  Satellite-­‐based	
  EO	
  measurements	
  of	
  Snow	
  
•  Real-­‐+me	
  In	
  situ	
  measurements	
  sent	
  by	
  communica+on	
  satellites	
  
•  Assimila+on	
  of	
  these	
  data	
  into	
  a	
  distributed	
  hydrological	
  model	
  

The	
  most	
  important	
  contribu+on	
  to	
  hydroelectric	
  power	
  genera+on	
  
comes	
  from	
  the	
  spring	
  mel+ng	
  of	
  accumulated	
  snow	
  

The	
  challenge:	
  

To	
  deliver	
  an	
  opera+onal	
  and	
  accurate	
  forecast	
  service	
  of	
  water	
  flow	
  during	
  the	
  
mel+ng	
  season	
  aimed	
  at	
  hydropower	
  industry.	
  
•  Large	
  areas	
  (<10	
  000	
  km2)	
  
•  Difficult	
  Access	
  (remote	
  mountainous	
  regions)	
  
•  Short	
  (weekly)	
  and	
  medium	
  (monthly)	
  scales	
  
•  Forecast	
  points	
  depending	
  on	
  opera+onal	
  needs	
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2 Overall system Architecture

2.1 Definition of the service concept

INTOGENER aims at improving the water flow predictions in remote mountainous catchments 
were  most  of  the  hydroelectric  production  is  located.  For  this  purpose  the  service  concept 
developed by Starlab uses near real-time geophysical information from in situ and remote sensing 
space based instruments to feed a hydrological model producing water flow forecast (Figure 3). 

The  in  situ  measurements  identified  as  relevant  for  flow  prediction  are:  temperature, 
precipitation, solar radiation, water level, soil moisture. If required, in situ information can be send 
by satellite communications, in order to provide real-time data to the model.

The space based Earth Observations identified as relevant for flow prediction are temperature 
maps  and  snow  cover.  Snow  cover  and  temperature  maps  can  be  measured  by  optical 
instruments, with the limitation of cloud cover that occurs regularly during the melting season, and 
coarse resolution not suitable for hydrological modelling. Whereas temperature can be completed 
by in situ measurement, extrapolated and downscaled using a digital elevation model, snow cover 
is more difficult to downscale and extrapolate. For this reason the proposed service includes the 
acquisition  of  SAR  images  which  are  cloud  immune  and  have  a  resolution  suitable  for  the 
hydrological model. Using state of the art algorithms, optical and SAR images can be fused in 
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Figure 3: INTOGENER Service Concept
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•  Starlab (Operational service design and management)


•  Future Water (Hydrological Modelling)


•  Hispasat (Satellite communications)


•  Univerdidad Catolica de CHile (Consultants in Hydrology)


•  ENDESA Chile (User)


•  European Space Agency
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•  2008-­‐2009:	
  Project	
  started	
  financed	
  by	
  Endesa	
  R&D	
  Department,	
  as	
  a	
  
preliminary	
  inves+ga+on	
  of	
  the	
  concept	
  

•  2010-­‐2011:	
  Consolida+on	
  through	
  a	
  Feasibility	
  Study	
  financed	
  by	
  ESA	
  
IAP	
  ARTES	
  20	
  Program	
  

•  2012-­‐2014:	
  Demonstra+on	
  phase	
  financed	
  by	
  ESA	
  IAP	
  ARTES	
  20	
  
	
  

	
  …	
  and	
  Actors	
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Feasibility	
  Study	
  Results	
  
•  Consolida+on	
  of	
  user	
  requirements	
  
•  Iden+fica+on	
  of	
  suitable	
  technologies	
  
•  Defini+on	
  of	
  the	
  service	
  and	
  system	
  architecture	
  
•  Proof	
  of	
  concept	
  trial	
  over	
  the	
  mel+ng	
  season	
  2010-­‐2011	
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INTOGENER	
  service	
  is	
  technically	
  and	
  
commercially	
  viable	
  in	
  response	
  to	
  a	
  set	
  of	
  user	
  
needs	
  already	
  expressed	
  by	
  key	
  stakeholders	
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Goal:	
  To	
  demonstrate	
  the	
  readiness	
  of	
  the	
  opera+onal	
  service	
  before	
  
commercializa+on	
  



Overview	
  of	
  the	
  Pilot	
  Service	
  
•  User:	
  Endesa	
  Chile	
  
•  Area:	
  Laja	
  and	
  Maule	
  Basins,	
  Chile	
  (~	
  50	
  000	
  km2)	
  
•  Period:	
  October	
  2013	
  to	
  March	
  2014	
  	
  
•  In	
  situ	
  measurements:	
  

•  Deployment	
  of	
  2	
  weather	
  sta+ons	
  
•  GNSS-­‐R	
  instrument	
  for	
  lake	
  water	
  level	
  
•  Satellite	
  communica+ons	
  links	
  for	
  real	
  +me	
  data	
  transfer	
  

•  Processing	
  of	
  satellite	
  EO	
  data	
  
•  Daily	
  Op+cal	
  images	
  	
  
•  Monthly	
  SAR	
  images	
  

•  Distributed	
  Hydrological	
  Modelling	
  
•  Weekly	
  runs	
  
•  Assimila+on	
  of	
  all	
  available	
  data	
  

•  Water	
  flow	
  reports	
  
•  Weekly	
  periodicity	
  
•  Custom	
  tailored	
  for	
  the	
  user	
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2.2.3 Dataset to be used  

Table 7 and Table 8 are showing the operational datasets and historical datasets, respectively, to 
be procured in the frame of the project.  The expected data size, temporal resolution,  interfaces 
and format are also presented.

Trace 
code

Data Source Data Type
Estimated 

size
Temporal 
resolution

Format Interface

DS-1 Intogener ISI

Temperature
Precipitations
Solar radiation
Soil Moisture
Water level

Few kB Once per hour XML Web Service

DS-2 In Situ DGA

Temperature
Precipitation
Water Level

Flow

Few kB ? ? ?

DS-3 In Situ ENDESA
Temperature
Precipitation

Few kB ? ? ?

DS-4 NOAA ENSO index Few kB Monthly XML HTTP Pull

DS-5 NASA
Modis Calibrated 

Radiance
hundreds 

MB
Daily HDF FTP Pull

DS-6
Future Water

Intogener MOD
Water flow 
prediction

Few kB Once a week XML Web Service

DS-7 MDA-Radarsat SAR Image 250 MB twice a month GeoTIFF FTP Push

© Starlab Barcelona S.L. Proprietary information Commercial in Confidence

Figure 6:  High level service diagram. Blue: Operational Data Inputs, Orange, data saved in database, Purple, 
Historical data, Yellow: Processing blocks, green: Service output.
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5.4.3.2 Optical Data pre-processing

MODIS data are delivered by NASA Distributed Active Archive Centers (DAAC's) in Hierarchical 
Data Format (HDF), that is a format used to store and organize large amounts of numerical data. 
Before  starting  the  processing  these  data  need  to  be  converted  in  a  raster  format  and 
georeferenced. Moreover as each dataset contains acquisition all the MODIS bands only the ones 
relevant for snow cover estimation need to be selected.

These operations are done in a preprocessing step using a dedicated software tool (MODIS 
Conversion Toolkit (MCTK)). The tool is developed as ENVI/IDL plugin and is freely available on 
the web. 

The MODIS data needed for the processing are:

- MOD02HKM: MODIS/Terra Calibrated Radiances 5-Min L1B Swath 500m.

- MOD021KM: MODIS/Terra Calibrated Radiances 5-Min L1B Swath 1km.

- MOD35_L2: MODIS Cloud Mask.

- MOD 03: Geolocation Data Set.

A detailed description of the used data and their organization is available on the NASA web site 
[http://modis.gsfc.nasa.gov/data/dataprod/dataproducts.php?MOD_NUMBER=03]

In detail the following operations are performed :

© Starlab Barcelona S.L. Proprietary information Commercial in Confidence

Figure 35: Processing chain flow-chart
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1Mbps), and robust links with high availability and high margins are more important than efficient 
bandwidth usage. DVB-S/S2 provides the flexibility to select the most suitable configuration and 
makes it easier to adapt the carrier configuration to the specific link requirements. For the return 
channel from the remote sites to the central HUB, DVB-RCS enables installation of small diameter 
antennas for robust and reliable data transmission. 

The use of  HISPASAT DVB-RCS multimedia platform incorporates not  only  remote monitoring 
functionalities but also added value ones into the INTOGENER scenario. For instance, bandwidth 
on-demand allows to temporally  increase the link data rate,  providing VoIP,  wideband internet 
access or even videoconference services. This can be useful  when, for example. a technician 
travels to the lake for a periodic supervision of the in-situ station.

Considerations about severe weather events

HISPASAT currently operates earth stations at isolated locations and under extreme conditions 
such as Tierra de Fuego (Chile) or Antarctic Region of Argentina, giving HISPASAT the necessary 
knowledge about terminal operation in severe weather conditions.

Expected temperatures in the project’s sites are not particularly demanding and range from -5ºC 
to 25ºC, with average precipitation per month (rain and snow) between May and August of 350mm 
(600mm maximum) and possible  high-speed winds.  The VSAT terminals  are  composed of  an 
Indoor Unit (IDU) that will be allocated in a shelter at the specific site of interest together with other 
equipment, and so protected from environmental conditions, and an Outdoor Unit (ODU), mainly 
the antenna, whose operating temperature can typically range from -40ºC to 50ºC. Because of the 
possibility of high-speed winds, an antenna with high-speed wind support will be considered, and in 
case it is considered necessary, special foundations may be installed. In any case, for the final 
equipment  selection,  operating  environmental  characteristics  will  be  considered,  with  special 
emphasis on wind and snow protection. 

Figure 24: HISPASAT DVB-RCS satellite Earth stations in remote regions of South America.

3.6.3 Maturity Analysis and source of procurement  

All  the elements of  this subsystem are considered mature.  The Satcom system that  will  be 
loaned and installed by Hispasat.  The integration with the rest of the system will  be the main 
development task, with possible need for specific interconnections between the different in situ 
instruments. Table 19 Is summarizing the foreseen sources of procurement.

© Starlab Barcelona S.L. Proprietary information Commercial in Confidence
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To calibrate the model, daily air temperature data is required for the Laja and Maule basins for a 
reference period spanning at  least  ten  years.  In  the Laja  basin,  air  temperature  is  measured 
multiple times per day at Abanico weather station. Using the DEM and a vertical temperature lapse 
rate, the air temperature will  be interpolated for all  grid cells, resulting in a temperature record 
spanning at least ten years with daily time step. The in situ measured air temperature data will be 
obtained  through  PUC.  If  necessary,  global  meteorological  forcing  datasets  will  be  used  to 
complement the in situ measured air temperature record.

Precipitation

To calibrate the model, daily precipitation values are required for the Laja and Maule basins for 
the  reference period.  In  the Laja  basin,  daily  cumulative precipitation  is  measured at  Abanico 
meteo  station.  New Weather  station  shall  be  installed  to  improve  the  geographical  coverage. 
These data will be spatially interpolated for all grid cells using a local precipitation lapse rate. If 
required spatial interpolation of precipitation will be conducted on the basis of available radar or 
satellite derived precipitation products. A precipitation record spanning at least ten years with daily 
time step. The in situ measured precipitation data will be obtained through PUC.

The period from January 1st 2000 until December 31st 2011 is defined as reference period. For 
the reference period (2000-2011) daily air temperature and precipitation maps are necessary  to 
force the model and conduct a calibration. Using station observations and vertical lapse rates daily 

© Starlab Barcelona S.L. Proprietary information Commercial in Confidence

Figure 26: Operational meteo stations and flow measurement stations in the Maule basins. Stations shown are 
operated by DSA.
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grids can be interpolated for temperature and precipitation. At the moment the data availability and 
quality is not completely clear. Figure 26 and Figure 27 show the meteo and flow stations managed 
by the DGA, which are operational at the moment. It is not clear in what year the stations became 
operational.  These data  need to  be  requested  from the DGA.  It  is  unclear  what  stations  are 
operated and managed by Endesa, an overview of the stations has been requested by PUC.

In case of poor quality of precipitation observations on the ground, gridded data obtained using 
remote sensing techniques could be used. It is however more convenient to use ground data since 
the precipitation is monitored at high spatial resolution in the region. The available remote sensing 
products have a low spatial resolution with respect to the size of the study area, and therefore of 
minor  relevance  in  this  study.  The  interpolation  of  ground  data  will  provide  a  more  accurate 
dataset.

Two products are available: TRMM and PERSIANN. Both datasets have a spatial resolution of 

0.25° x 0.25° (e.g.  ~25 x 25 km at the equator), much lower than the model resolution. TRMM-

based precipitation estimates are available to the research community via anonymous ftp. The 

estimates are provided on a global 0.25 ° x0.25 ° grid over the latitude band 50 ° N-S within about 

© Starlab Barcelona S.L. Proprietary information Commercial in Confidence

Figure 27: Operational meteo stations and flow measurement stations in the Laja basin. The stations shown are 
operated by DGA.
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reported.  This template would  also be the basis  for  a web based monitoring  tool  on starlab's 
servers.
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Figure 2: Sample output report of the service

Figure 1: Example of the output spreadsheet report

WEEKLY FLOW REPORT PREDICTION

HYDROFLOW October [WK40]

BASIN

Monday Tuesday Wednesday Thursday Friday Saturday Sunday WK 40 WK 41 WK 42 WK 43 OCT NOV DEC JAN FEB

Laja basin

Laja Tributaries 4,5 8,2 10,6 10,1 8,6 4,5 8,2 10,6 10,1 8,6 4,5 8,2 10,6 10,1 8,6 8,6

Captación Alto Polcura 4,5 10,0 12,5 10,1 7,9 4,5 10,0 12,5 10,1 7,9 4,5 10,0 12,5 10,1 7,9 7,9

Polcura BT Antuco 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 5,6

BT Abanico Laja 4,5 8,2 10,6 10,1 8,6 4,5 8,2 10,6 10,1 8,6 4,5 8,2 10,6 10,1 8,6 8,6

Rama Laja Central 4,5 10,0 12,5 10,1 7,9 4,5 10,0 12,5 10,1 7,9 4,5 10,0 12,5 10,1 7,9 7,9

Baja Tucapel 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 5,6

Maule Alto basin

Afluentes Laguna Maule 10,0 15 11,3 8,9 8,3 10,0 15 11,3 8,9 8,3 8,3 10,0 15 11,3 8,9 8,3

C.I. BT C.Isla - desagüe L.Maule 46,2 57 29,6 13,1 8,8 46,2 57 29,6 13,1 8,8 8,8 46,2 57 29,6 13,1 8,8

Afluentes Laguna Invernada 30,9 46 35,9 24,9 20,7 30,9 46 35,9 24,9 20,7 20,7 30,9 46 35,9 24,9 20,7

Maule en BT C.Pehuenche (RN) 107,3 136 88,9 61,7 51,8 107,3 136 88,9 61,7 51,8 51,8 107,3 136 88,9 61,7 51,8

C.I. BT Maule C.Pehuenche-L.Invernada-L.Maule 66,4 74 41,7 27,9 22,8 66,4 74 41,7 27,9 22,8 22,8 66,4 74 41,7 27,9 22,8

Afluentes E.Melado (RN) 124,5 114 69,2 36,5 29,5 124,5 114 69,2 36,5 29,5 29,5 124,5 114 69,2 36,5 29,5

e7. Claro en S.Carlos + E.Las Garzas 31,3 23 15,7 11,6 11,4 31,3 23 15,7 11,6 11,4 11,4 31,3 23 15,7 11,6 11,4

Afluentes E.Colbún 270,3 283 190,1 120,0 99,7 270,3 283 190,1 120,0 99,7 99,7 270,3 283 190,1 120,0 99,7

C.I. E.C.Colbún-Desagüe L.Invernada-L.Maule 229,4 222 142,9 86,2 70,7 229,4 222 142,9 86,2 70,7 70,7 229,4 222 142,9 86,2 70,7

e10. C.I. E.C.Colbún-Maule en Armerillo 7,2 11 16,2 10,2 6,9 7,2 11 16,2 10,2 6,9 6,9 7,2 11 16,2 10,2 6,9

DAILY MEAN STREMFLOW (m3/s) WEEKLY MEAN STREMFLOW (m3/s) SNOWMELT SEASONAL STREAMFLOW FORECAST (m3/s)

Output 
Weekly	
  report	
  	
  
•  Similar	
  to	
  former	
  forecast	
  format	
  
•  Wednesday	
  7am	
  
•  Excel	
  +	
  Web	
  Graphical	
  report	
  

Final	
  report	
  
•  Quan+ta+ve	
  performance	
  analysis	
  
•  Qualita+ve	
  service	
  assessment	
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reported.  This template would  also be the basis  for  a web based monitoring  tool  on starlab's 
servers.
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Figure 2: Sample output report of the service

Figure 1: Example of the output spreadsheet report

WEEKLY FLOW REPORT PREDICTION

HYDROFLOW October [WK40]

BASIN

Monday Tuesday Wednesday Thursday Friday Saturday Sunday WK 40 WK 41 WK 42 WK 43 OCT NOV DEC JAN FEB

Laja basin
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Polcura BT Antuco 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 5,6

BT Abanico Laja 4,5 8,2 10,6 10,1 8,6 4,5 8,2 10,6 10,1 8,6 4,5 8,2 10,6 10,1 8,6 8,6
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Baja Tucapel 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 6,6 11,6 9,5 7,3 5,6 5,6
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C.I. BT Maule C.Pehuenche-L.Invernada-L.Maule 66,4 74 41,7 27,9 22,8 66,4 74 41,7 27,9 22,8 22,8 66,4 74 41,7 27,9 22,8

Afluentes E.Melado (RN) 124,5 114 69,2 36,5 29,5 124,5 114 69,2 36,5 29,5 29,5 124,5 114 69,2 36,5 29,5

e7. Claro en S.Carlos + E.Las Garzas 31,3 23 15,7 11,6 11,4 31,3 23 15,7 11,6 11,4 11,4 31,3 23 15,7 11,6 11,4

Afluentes E.Colbún 270,3 283 190,1 120,0 99,7 270,3 283 190,1 120,0 99,7 99,7 270,3 283 190,1 120,0 99,7

C.I. E.C.Colbún-Desagüe L.Invernada-L.Maule 229,4 222 142,9 86,2 70,7 229,4 222 142,9 86,2 70,7 70,7 229,4 222 142,9 86,2 70,7

e10. C.I. E.C.Colbún-Maule en Armerillo 7,2 11 16,2 10,2 6,9 7,2 11 16,2 10,2 6,9 6,9 7,2 11 16,2 10,2 6,9
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Roadmap	
  towards	
  the	
  end	
  of	
  the	
  Demo	
  

Deployment	
  and	
  commissioning	
  (May-­‐Sept	
  2013)	
  
•  On	
  site	
  deployment	
  and	
  valida+on	
  
•  System	
  tuning	
  
•  Service	
  commissioning	
  

Service	
  Demonstra9on	
  (Sept	
  2013-­‐	
  Feb	
  2014)	
  
	
  
Business	
  Plan	
  Consolida9on	
  (Sept	
  2013-­‐	
  Feb	
  2014)	
  
	
  
Final	
  Service	
  assessment	
  (March	
  2014)	
  
•  System	
  Performance	
  
•  Service	
  quality	
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Conclusions	
  

•  The	
  service	
  is	
  being	
  implemented,	
  from	
  a	
  concept	
  to	
  
opera+onal	
  product	
  by	
  following	
  a	
  sound	
  and	
  thorough	
  
process	
  thanks	
  to	
  the	
  ESA	
  IAP	
  ARTES	
  20	
  framework	
  

•  Strong	
  interac+ons	
  with	
  the	
  user	
  in	
  the	
  defini+on,	
  opera+on	
  
and	
  valida+on	
  of	
  the	
  service	
  

•  Final	
  step	
  (Pilot	
  execu+on)	
  to	
  occur	
  during	
  the	
  mel+ng	
  season	
  
2013-­‐2014	
  will	
  demonstrate	
  the	
  opera+onal	
  readiness	
  

•  Starlab	
  gekng	
  prepared	
  for	
  commercial	
  roll-­‐out.	
  

•  Commercial	
  Availability	
  for	
  2014-­‐2015?	
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Thank	
  you	
  for	
  your	
  a?en9on	
  
erwan.mo)e@starlab.es	
  
	
  
More	
  info	
  on	
  
h)p://iap.esa.int/projects/energy/intogener	
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