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Welcome to the RHEAS documentation!

The Regional Hydrologic Extremes Assessment System (RHEAS) is a hydrologic nowcast and forecast framework developed at the NASA Jet Propulsion Laboratory.
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Installation


Requirements

The requirements for installing RHEAS include


	Python [https://www.python.org] and a number of python packages



	Numpy [http://www.numpy.org]

	NetCDF4 [https://github.com/Unidata/netcdf4-python]

	GDAL [http://www.gdal.org]

	Scipy [http://www.scipy.org]








	GCC compiler [https://gcc.gnu.org]



	Automake [https://www.gnu.org/software/automake/]



	PostgreSQL [http://www.postgresql.org] server with the PostGIS [http://postgis.net] extension



	VIC [http://hydro.washington.edu/Lettenmaier/Models/VIC/] model executable



	DSSAT [http://dssat.net] model executable





Thankfully most of these requirements are automatically installed using Buildout [http://www.buildout.org/en/latest/], a Python-based build system for creating, assembling and deploying applications from multiple parts.

In terms of hardware, the recommended requirements include any modern computer system with hard drive storage of at least 250 GB, and memory of at least 4 GB.




Installing on Linux and MacOS

In order to compile RHEAS, we need a C compiler and the Make utilities, as well as some other software packages. Depending on the Linux distribution these can be installed

sudo dnf groupinstall "Development Tools"
sudo dnf install scipy numpy gdal-devel python-dateutil libxslt-devel python-lxml libxslt-python readline-devel geos-devel proj-devel Cython pyproj python-pandas wine





for RPM-based distros (such as RedHat, Fedora, Centos)

sudo aptitude update && sudo aptitude -y upgrade
sudo aptitude -y install git build-essential python-numpy python-scipy python-gdal python-argparse python-dateutil libgdal-dev libproj-dev libxslt-dev libreadline-dev cython python-pandas
sudo dpkg --add-architecture i386
sudo aptitude update
sudo aptitude -y install wine winetricks





for DEB-based distros (such as Ubuntu, Debian, Mint)

If you’re on a MacOS, the easiest way to install the dependencies is by using the Homebrew [http://brew.sh] package manager. Follow the instructions to install Homebrew and then run

brew update
brew install python readline gdal netcdf wine winetricks sfcgal
pip install numpy scipy gdal argparse py-dateutil lxml requests





We then clone and uncompress the software archive

git clone https://github.com/nasa/RHEAS.git
cd RHEAS





and then run the buildout script. Before that, we boostrap the build by running

python bootstrap.py





After that we can install everything by running

./bin/buildout





The buildout script will install the PostgresQL database along with the PostGIS extension, and create a database for the user. The script will also install some additional Python modules, and build the VIC hydrology model.

After the script finishes you should have a rheas executable in your bin directory!




Installing on Windows

It is currently possible to run RHEAS in a bash-shell environment such as Cygwin [https://www.cygwin.com/]. However, due to backwards compatibility issues with PostGIS dependencies, this method is not currently recommended.




Testing the installation

A number of unit tests [https://en.wikipedia.org/wiki/Unit_testing] have been created to validate the installation of RHEAS. The tests create a temporary database and perform the following operations:


	Download and ingest the suite of datasets into the database

	Run nowcasts for VIC and DSSAT

	Run forecasts for VIC and DSSAT



The tests can be run with

./bin/test
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The RHEAS database

The back-end of RHEAS is a PostGIS [http://postgis.net] database (a spatially-enabled PostgreSQL [http://www.postgresql.org] database) that stores the necessary data to run RHEAS including model parameters, meteorological data (both forecasts and nowcasts), and remote sensing as well as in-situ observations.

The VIC and DSSAT model parameters are contained under the vic and dssat schemas. Depending on the requested spatial resolution for the models, appropriate model parameters and corresponding files are chosen. Tables in the vic schema include soils which contains the soil parameters, and input which contains the necessary files to run the VIC model. Each record in the input table should contain the following columns:


	resolution: model spatial resolution

	snowbandfile: VIC elevation band file

	vegparam: VIC vegetation parameter file

	veglib: VIC vegetation library file

	soilfile: VIC soil parameter file

	rootzones: number of root zones

	basefile: DSSAT input file template



The requirements for running DSSAT also include the type of cultivar(s), planting start dates, a global crop mask and soil properties which have been ingested in the database from various sources. Soil properties and cultivar information are stored as vector tables (soils and cultivar respectively), while planting start dates and the crop mask are stored as raster maps with the type of crop as an additional column in the crops and cropland tables respectively.

Multiple remote sensing datasets can be ingested into the database and are available either to be used as input (i.e. precipitation, temperature, wind speed) or assimilated (i.e. soil moisture, water storage, LAI, evapotranspiration). The following table summarizes the available datasets, their characteristics and the database schema/table they will be installed in.













	Variable
	Dataset
	Time
Coverage
	Temporal
Resolution
	Spatial
Resolution
	Spatial Coverage
	Table
	Mode




	Precipitation
	CHIRPS
	1981-
	Daily
	5km
	Africa
	precip.chirps
	IN


	Precipitation
	TRMM
	1998-
	Daily
	0.25 o
	Global
	precip.trmm
	IN


	Precipitation
	RFE2
	2001-
	Daily
	0.10 o
	Africa
	precip.rfe2
	IN


	Precipitation
	CMORPH
	1998-
	Daily
	0.25 o
	Global
	precip.cmorph
	IN


	Precipitation
	GPM
	2014-
	Daily
	0.10 o
	Global
	precip.gpm
	IN


	Meteorology
	NCEP
	1981-
	Daily
	1.875 o
	Global
	*.ncep
	IN


	Meteorology
	PRISM
	1981-
	Daily
	4km
	CONUS
	*.prism
	IN


	Soil moisture
	AMSR-E
	2002-2011
	Daily
	0.25 o
	Global
	soilm.amsre
	AS


	Soil moisture
	SMOS
	2009-
	Daily
	~40km
	Global
	soilm.smos
	AS


	Soil moisture
	SMAP
	2015-
	Daily
	3/9km
	Global
	soilm.smap
	AS


	Evapotranspiration
	MOD16
	2000-
	8 days
	1km
	Global
	evap.modis
	AS


	Water storage
	GRACE
	2002-
	Monthly
	1.0 o
	Global
	tws.grace
	AS


	Snow cover
	MOD10
	2001-
	Daily
	1km
	Global
	snow.mod10
	AS


	Snow cover
	MODSCAG
	2001-
	Daily
	1km
	Global
	snow.modscag
	AS


	Leaf Area Index
	MCD15
	2002-
	8 days
	1km
	Global
	lai.modis
	AS


	Meteorology
	IRI
	2000-
	Monthly
	2.5 o
	Global
	*.iri
	FC


	Meteorology
	NMME
	2000-
	Daily
	0.5 o
	Global
	*.nmme
	FC





There are three modes for the datasets: IN corresponds to datasets being used as inputs to the model, AS refers to datasets being assimilated, and FC are datasets that are used to provide the meteorological (i.e. precipitation, temperature, and in some cases wind speed) forecasts.
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Populating the configuration file

The configuration file follows the INI [http://en.wikipedia.org/wiki/INI_file] format to allow for simplicity. When running the RHEAS executable, the configuration file is the only position argument while the database name needs to be provided with the -d switch.

Running RHEAS with the help switch

./rheas -h






produces the proper usage command

usage: rheas.py [-h] [-d DB] [-u] config

Runs RHEAS simulation.

positional arguments:
config      configuration file

optional arguments:
-h, --help  show this help message and exit
-d DB       name of database to connect
-u          update database







There are four possible sections for the configuration file:


	nowcast: nowcast simulation options

	forecast: forecast simulation options

	vic: VIC model options

	dssat: DSSAT model options



Each section needs to be given inside braces, e.g. [nowcast].


Nowcast options

The available options for a nowcast simulation include:


	model: the model(s) to be used for this simulation. Valid options include vic and dssat; if both models are requested they need to be separated by a comma (required)

	startdate: the start date of the simulation in the “year-month-day” format (required)

	enddate: the start date of the simulation in the “year-month-day” format (required)

	name: name of the simulation (required)

	basin: path to a shapefile of the model domain. If not provided, the name option should correspond to a previously performed simulation

	resolution: spatial resolution of the simulation (required)






Forecast options

The available options for a forecast simulation include:


	model: the model(s) to be used for this simulation. Valid options include vic and dssat; if both models are requested they need to be separated by a comma (required)

	startdate: the start date of the simulation in the “year-month-day” format (required)

	enddate: the start date of the simulation in the “year-month-day” format (required)

	name: name of the simulation (required)

	basin: path to a shapefile of the model domain. If not provided, the name option should correspond to a previously performed simulation

	resolution: spatial resolution of the simulation (required)

	ensemble size: the size of the forecast ensemble (required)

	method: method to use to generate the meteorological forcings for VIC (required). The options that have been implemented include:
	esp: use the Ensemble Streamflow Prediction approach that randomly resamples the climatology

	iri: resample climatology based on the probabilities in the IRI meteorological forecasts










VIC options

The options for the VIC model include:


	precip: dataset to use for precipitation forcing (required)

	temperature: dataset to use for maximum and minimum temperature forcing (required)

	wind: dataset to use for wind speed forcing (required)

	lai: dataset to use for leaf area index forcing

	save state: directory where VIC model state file is saved in

	save to: option for saving output variables. Can be one of
	db: save output to database

	path to copy raw VIC output files to





	initialize: whether to initialize the model from a previously saved state file (can be given as on/off, true/false or yes/no)

	save: a comma-separated list of variables to be saved from VIC. The variable names can be:
	net_long:  net downward longwave flux [W/m2]

	net_short:  net downward shortwave flux [W/m2

	snow_cover:  fractional area of snow cover [fraction]

	salbedo:  snow pack albedo [fraction]

	snow_depth:  depth of snow pack [cm]

	tdepth:  depth of thawing fronts [cm] for each thawing front

	fdepth:  depth of freezing fronts [cm] for each freezing front

	rootmoist:  root zone soil moisture  [mm]

	smfrozfrac:  fraction of soil moisture (by mass) that is ice, for each soil layer

	smliqfrac:  fraction of soil moisture (by mass) that is liquid, for each soil layer

	snow_canopy:  snow interception storage in canopy  [mm]

	soil_moist:  soil total moisture content  [mm] for each soil layer

	soil_wet:  vertical average of (soil moisture - wilting point)/(maximum soil moisture - wilting point) [mm/mm]

	surfstor:  storage of liquid water and ice (not snow) on surface (ponding) [mm]

	swe:  snow water equivalent in snow pack (including vegetation-intercepted snow)  [mm]

	wdew:  total moisture interception storage in canopy [mm]

	baseflow:  baseflow out of the bottom layer  [mm]

	evap:  total net evaporation [mm]

	evap_bare:  net evaporation from bare soil [mm]

	evap_canop:  net evaporation from canopy interception [mm]

	prec:  incoming precipitation [mm]

	rainf:  rainfall  [mm]

	refreeze:  refreezing of water in the snow  [mm]

	runoff:  surface runoff [mm]

	snow_melt:  snow melt  [mm]

	snowf:  snowfall  [mm]

	transp_veg:  net transpiration from vegetation [mm]

	albedo:  average surface albedo [fraction]

	baresoilt:  bare soil surface temperature [C]

	snow_surf_temp:  snow surface temperature [C]

	soil_temp:  soil temperature [C] for each soil layer

	surf_temp:  average surface temperature [C]

	vegt:  average vegetation canopy temperature [C]

	advection:  advected energy [W/m2]

	grnd_flux:  net heat flux into ground [W/m2]

	latent:  net upward latent heat flux [W/m2]

	melt_energy:  energy of fusion (melting) in snowpack [W/m2]

	rfrz_energy:  net energy used to refreeze liquid water in snowpack [W/m2]

	sensible:  net upward sensible heat flux [W/m2]

	aero_cond:  “scene” aerodynamic conductance [m/s]

	air_temp:  air temperature [C]

	longwave:  incoming longwave [W/m2]

	shortwave:  incoming shortwave [W/m2]





	observations: a comma-separated list of the observations to be assimilated into VIC. Any of the datasets with AS mode outlined in the database table can be used with their table name (without the schema, e.g. grace)

	update: the date or frequency when assimilation should be performed. Valid options for the assimilation frequency are: daily, weekly, and monthly. If this option is not set, assimilation is performed whenever the observation is available during the simulation period. When performing a forecast simulation, this option is not taken into account and assimilation is performed at the forecast initialization date






DSSAT options

The options for the DSSAT model include:


	shapefile: a shapefile contains the areas (e.g. administrative boundaries) for which DSSAT will be run (required)

	ensemble size: the size of the ensemble to be used (optional)

	assimilate: flag indicating whether to assimilate soil moisture (sm), LAI (lai) observations or both (optional)
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Running a nowcast

We begin by creating the necessary RHEAS configuration file. In your favorite text editor create a new file, let’s assume that its name is nowcast.conf. The first section contains the simulation options and has a nowcast header:

[nowcast]






Let’s assume that we are requesting both a hydrologic and agricultural simulation. In that case, we need to set both models (VIC and DSSAT) as an option

[nowcast]
model: vic, dssat








We then set the starting and ending dates of the nowcast

[nowcast]
model: vic, dssat
startdate: 2003-1-1
enddate: 2003-3-31








Let’s also assume that we have a shapefile of the study domain (the sample data contain such a file in the data/tests directory). Moreover, let’s set the name of the simulation (that name will be useful to retrieve the output from the database).

[nowcast]
model: vic, dssat
startdate: 2003-1-1
enddate: 2003-3-31
basin: data/tests/basin.shp
name: basin








The model spatial resolution is next, here set as 0.25 degrees (~25 km).

[nowcast]
model: vic, dssat
startdate: 2003-1-1
enddate: 2003-3-31
basin: data/tests/basin.shp
name: basin
resolution: 0.25







These are all the necessary options to define our forecast simulation. Then we need to define the parameters for the two models (VIC and DSSAT).


We begin with the vic section

[vic]








VIC requires precipitation, temperature and wind speed at a minimum, which we define below

[vic]
precip: chirps
temperature: ncep
wind: ncep








Setting the meteorological forcings this way will perform a deterministic nowcast simulation. Alternatively, a stochastic simulation can be performed by either requesting multiple datasets for precipitation or explicitly requesting an ensemble simulation

[vic]
precip: chirps, trmm
temperature: ncep
wind: ncep
ensemble size: 3








We can opt to initialize the VIC from a a state file saved in the database or an explicitly file name

[vic]
precip: chirps
temperature: ncep
wind: ncep
initialize: yes
initial state: state/vic.state_20030101





If the option initial state is not set, RHEAS will look into the database for a statefile that is closest to the requested start date.




We choose the model output, specifically net shortwave radiation and soil moisture, to the database

[vic]
precip: chirps
temperature: ncep
wind: ncep
initialize: yes
save to: db
save: net_short, soil_moist








The DSSAT section dssat requires fewer options than VIC, with the shapefile being the first

[dssat]
shapefile: data/tests/basin.shp








and the ensemble size being an optional parameter. Each of the DSSAT ensemble members is forced by the same VIC output retaining the uncertainty only in the DSSAT model parameters. There’s also an option to enable or disable the assimilation of soil moisture and LAI data (enabled by default)

[dssat]
shapefile:
ensemble size: 50
assimilate: on







Finally, let’s run the system (inside the rheas directory)

./bin/rheas nowcast.conf
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Running a forecast

As any RHEAS simulation, we begin by creating a configuration file. In your favorite text editor create a new file, let’s assume that its name is forecast.conf. The first section contains the simulation options and has a forecast header:

[forecast]






Let’s assume that we are requesting both a hydrologic and agricultural simulation. In that case, we need to set both models (VIC and DSSAT) as an option

[forecast]
model: vic, dssat








We then set the starting and ending dates of the forecast

[forecast]
model: vic, dssat
startdate: 2001-4-1
enddate: 2001-6-30








Let’s also assume that we have a shapefile of the study domain (the sample data contain such a file in the data/tests directory). Moreover, let’s set the name of the simulation (that name will be useful to retrieve the output from the database).

[forecast]
model: vic, dssat
startdate: 2001-4-1
enddate: 2001-6-30
basin: data/tests/basin.shp
name: basin








The model spatial resolution is next, here set as 0.25 degrees (~25 km).

[forecast]
model: vic, dssat
startdate: 2001-4-1
enddate: 2001-6-30
basin: data/tests/basin.shp
name: basin
resolution: 0.25








In order to capture the uncertainty in the forecast, we perform an ensemble simulation and set the ensemble size to 10. RHEAS will run the VIC ensemble in parallel (using multiple threads), thus reducing computation time. The ensemble simulation also requires a method to generate the meteorological forcings ensemble (currently, model uncertainty due to parameter errors is not implemented). Available methods are the Ensemble Streamflow Prediction (ESP, resampling the climatology); resampling from the IRI meteorological forecasts; bias-correcting and downscaling the CFSv2 meteorological forecasts.

[forecast]
model: vic, dssat
startdate: 2001-4-1
enddate: 2001-6-30
basin: data/tests/basin.shp
name: basin
resolution: 0.25
ensemble size: 10
method: esp







These are all the necessary options to define our forecast simulation. Then we need to define the parameters for the two models (VIC and DSSAT).


We begin with the vic section

[vic]








The generation of the meteorological forecast ensemble requires a base dataset for each of the required variables. Therefore, we need to define the source for precipitation, temperature and wind speed

[vic]
precip: chirps
temperature: ncep
wind: ncep








We can opt to initialize the ensemble of VIC models from a a state file saved in the database, by randomly selecting a model initial condition from climatology, or by starting a 1-year model run. All these options do not need to be set by the user apart from

[vic]
precip: chirps
temperature: ncep
wind: ncep
initialize: yes





If RHEAS cannot find previous model states in the database, it will by default run a 1-year simulation for each ensemble member.




We choose the model output, specifically net shortwave radiation and soil moisture, to the database

[vic]
precip: chirps
temperature: ncep
wind: ncep
initialize: yes
save to: db
save: net_short, soil_moist








The DSSAT section dssat requires fewer options than VIC, with the domain shapefile being the first

[dssat]
shapefile: data/tests/basin.shp








and the ensemble size being another parameter that can optionally be set. The forecasts from VIC are randomly paired with each of the DSSAT ensemble members in order to capture uncertainty both in the DSSAT model parameters and the hydroclimatological forcings. Similarly to a nowcast, assimilation cna be enabled/disabled with an option.

[dssat]
shapefile: data/tests/basin.shp
ensemble size: 50
assimilate: no







Finally, let’s run the system (inside the rheas directory)

./bin/rheas forecast.conf
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Customizing RHEAS


Initializing and updating the database

The RHEAS database needs to be populated with a variety of datasets that can be fetched automatically. A configuration file can be used to control and define which datasets are downloaded and imported in the PostGIS database. The configuration file follows the INI [http://en.wikipedia.org/wiki/INI_file] format, with each section corresponding to a dataset.

Unless the entire spatial extent of the datasets needs to be ingested into the database, a domain section should be created in the configuration file describing the bounding box for the domain of interest.


	minlat: the minimum latitude of the bounding box

	maxlat: the maximum latitude of the bounding box

	minlon: the minimum longitude of the bounding box

	maxlon: the maximum longitude of the bounding box



If the dataset is being fetched for the first time, a starting date needs to be provided within each dataset section while an ending date can be optionally provided.


	startdate: start date of data fetched (format is year-month-day)

	enddate: the last date of data to be fetched



If the dataset already exists in the database, then RHEAS will only download data after the last date available in the database (unless this is bypassed by the startdate keyword).

An example configuration file (named data.conf) that will download TRMM, CHIRPS and IRI datasets is given below.


[domain]
minlat: -2
maxlat: -2
minlon: 30
maxlon: 34

[trmm]

[iri]
startdate: 2000-2-1
enddate: 2000-3-1

[chirps]
startdate: 2014-1-3







Since no option is provided under the trmm section, RHEAS will download data from the latest date available in the database to today.

After the configuration file has been created, the database can be initialized/updated by calling RHEAS as

./bin/rheas -u data.conf





where data.conf is the name of the configuration file.




Using a custom database

Assuming that you have created (using RHEAS or not) a PostGIS database (named customdb here as an example) that contains the necessary schemas and tables, it can be used to perform nowcast and forecast simulations by

./bin/rheas -d customdb nowcast.conf





where nowcast.conf is the RHEAS configuration file.




Writing custom scripts with the RHEAS API

RHEAS exposes most of its functions within each module, allowing for a relatively simple API to be used to further customize it.

In the first example, we will assume that we want to run a deterministic VIC simulation but use custom meteorological data (from Numpy arrays). We first initialize a VIC object

import vic
model = vic.VIC(".", "customdb", 0.25, 2015, 1, 1, 2015, 3, 31, "customname")





and then write the VIC global and soil parameter files

model.writeParamFile()
model.writeSoilFile("basin.shp")





where basin.shp is a shapefile that describes our basin. Assuming that we have Numpy arrays containing the data for precipitation (prec), air temperature (tmax and tmin) and wind speed (wind) we can then write out the forcings for VIC, run the model and save the output into the database

model.writeForcings(prec, tmax, tmin, wind)
model.run(vicexe)
model.save("db", ["runoff"])





In a second example of using the RHEAS API, we will assume that we have a customized version of the DSSAT model (as an executable) that needs an additional line written in its configuration file. In order to achieve that, we will decorate [https://wiki.python.org/moin/PythonDecorators] the corresponding DSSAT class method and replace one of its parameters. We begin by initializing the DSSAT object

model = dssat.DSSAT("customdb", "customname", 0.25, 2015, 1, 1, 2015, 3, 31, 40, vicoptions, "basin.shp", True)





and then decorate the function writeConfigFile to change its behavior

def addLineToConfig(func):
    def wrapper(*args, **kwargs):
        fname = func(args, kwargs)
        with open(fname, 'a') as fout:
             fout.write("Additional line with parameters")
     return wrapper

model.writeConfigFile = addLineToConfig(model.writeConfigFile)





Finally, we run the customized DSSAT model

model.run("dssat_new.exe")











          

      

      

    


    
         Copyright 2015, Kostas Andreadis.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	RHEAS 0.2 documentation 
 
      

    


    
      
          
            

   Python Module Index


   
   a | 
   c | 
   d | 
   e | 
   f | 
   g | 
   i | 
   k | 
   m | 
   n | 
   p | 
   r | 
   s | 
   t | 
   v
   


   
     			

     		
       a	

     
       	
       	
       amsre	
       Definition of the AMSRE class

     
       	
       	
       assimilation	
       Definition of the assimilation module

     			

     		
       c	

     
       	
       	
       chirps	
       Retrieve CHIRPS rainfall data

     
       	
       	
       cmorph	
       Retrieve CMORPH rainfall data

     
       	
       	
       config	
       Module for parsing RHEAS configurations files

     			

     		
       d	

     
       	[image: -]
       	
       datasets	
       Definition of the Datasets package

     
       	
       	
       datasets.amsre	
       

     
       	
       	
       datasets.chirps	
       

     
       	
       	
       datasets.cmorph	
       

     
       	
       	
       datasets.decorators	
       Definition of the Datasets decorators

     
       	
       	
       datasets.gpm	
       

     
       	
       	
       datasets.grace	
       

     
       	
       	
       datasets.iri	
       

     
       	
       	
       datasets.mcd15	
       

     
       	
       	
       datasets.merra	
       

     
       	
       	
       datasets.mod10	
       

     
       	
       	
       datasets.mod16	
       

     
       	
       	
       datasets.modis	
       

     
       	
       	
       datasets.modscag	
       

     
       	
       	
       datasets.ncep	
       

     
       	
       	
       datasets.prism	
       

     
       	
       	
       datasets.rfe2	
       

     
       	
       	
       datasets.smap	
       

     
       	
       	
       datasets.smos	
       

     
       	
       	
       datasets.soilmoist	
       

     
       	
       	
       datasets.trmm	
       

     
       	
       	
       dbio	
       Definition of the DBIO module

     
       	
       	
       drought	
       Module that contains functionality for generating drought products

     
       	
       	
       dssat	
       Definition of the DSSAT model class

     			

     		
       e	

     
       	
       	
       ensemble	
       Definition of the ensemble class

     			

     		
       f	

     
       	
       	
       forecast	
       Definition of the forecast module

     			

     		
       g	

     
       	
       	
       grace	
       Retrieve GRACE TWS data

     			

     		
       i	

     
       	
       	
       iri	
       Retrieve IRI meteorological forecast data

     			

     		
       k	

     
       	
       	
       kalman	
       Implementation of Kalman filters

     			

     		
       m	

     
       	
       	
       mcd15	
       Retrieve MODIS LAI data

     
       	
       	
       merra	
       Retrieve MERRA meteorological data

     
       	
       	
       mod10	
       Definition of the MOD10 class

     
       	
       	
       mod16	
       Retrieve MODIS evapotranspiration data

     
       	
       	
       modis	
       Definition of the MODIS auxiliary module

     
       	
       	
       modscag	
       Definition of the MODSCAG class

     			

     		
       n	

     
       	
       	
       ncep	
       Retrieve NCEP meteorological data

     
       	
       	
       nowcast	
       Module that contains functionality for nowcast simulations

     			

     		
       p	

     
       	
       	
       prism	
       Retrieve PRISM meteorological data

     			

     		
       r	

     
       	
       	
       raster	
       Manipulate PostGIS rasters

     
       	
       	
       rfe2	
       Retrieve RFEv2 rainfall data

     
       	
       	
       rheas	
       Module for executing the RHEAS system

     			

     		
       s	

     
       	
       	
       smap	
       Definition of the SMAP class

     
       	
       	
       smos	
       Definition of the SMOS class

     
       	
       	
       soilmoist	
       Definition of the Soilmoist class

     
       	
       	
       state	
       Definition of the VIC state module

     			

     		
       t	

     
       	[image: -]
       	
       tests	
       Definition of the RHEAS testing package

     
       	
       	
       tests.database	
       

     
       	
       	
       tests.testdatasets	
       

     
       	
       	
       tests.testforecast	
       

     
       	
       	
       tests.testnowcast	
       

     
       	
       	
       trmm	
       Retrieve TRMM rainfall data

     			

     		
       v	

     
       	[image: -]
       	
       vic	
       Definition of the VIC package

     
       	
       	
       vic.output	
       

     
       	
       	
       vic.state	
       

     
       	
       	
       vic.vic	
       

     
       	
       	
       vic_output	
       Definition of the VIC output module

   



          

      

      

    


    
         Copyright 2015, Kostas Andreadis.
      Created using Sphinx 1.3.5.
    

  

    
      Navigation

      
        	
          index

        	
          modules |

        	RHEAS 0.2 documentation 
 
      

    


    
      
          
            

Index



 A
 | C
 | D
 | E
 | F
 | G
 | H
 | I
 | K
 | L
 | M
 | N
 | O
 | P
 | R
 | S
 | T
 | U
 | V
 | W
 | X
 


A


  	
      
  	addCultivar() (in module dssat)
  


      
  	Amsre (class in datasets.amsre)
  


      
  	amsre (module)
  


  

  	
      
  	analysis() (kalman.ENKF method)
  


      	
        
  	(kalman.LETKF method)
  


        
  	(kalman.SQRTENKF method)
  


      


      
  	assimilate() (in module assimilation)
  


      
  	assimilation (module), [1]
  


  





C


  	
      
  	calc() (in module drought)
  


      
  	calcDrySpells() (in module drought)
  


      
  	calcSeverity() (in module drought)
  


      
  	calcSMDI() (in module drought)
  


      
  	calcSPI() (in module drought)
  


      
  	calcSRI() (in module drought)
  


      
  	chirps (module)
  


      
  	cmorph (module)
  


  

  	
      
  	columnExists() (in module dbio)
  


      
  	config (module), [1]
  


      
  	connect() (in module dbio)
  


      
  	createDatabase() (in module tests.database)
  


      
  	createIndexTable() (vic.vic.VIC method)
  


      
  	createResampledCatalog() (in module dbio)
  


      
  	createResampledTables() (in module dbio)
  


      
  	cultivars() (in module tests.database)
  


  





D


  	
      
  	datasets (module), [1]
  


      
  	datasets.amsre (module)
  


      
  	datasets.chirps (module)
  


      
  	datasets.cmorph (module)
  


      
  	datasets.decorators (module), [1]
  


      
  	datasets.gpm (module)
  


      
  	datasets.grace (module)
  


      
  	datasets.iri (module)
  


      
  	datasets.mcd15 (module)
  


      
  	datasets.merra (module)
  


      
  	datasets.mod10 (module)
  


      
  	datasets.mod16 (module)
  


      
  	datasets.modis (module)
  


      
  	datasets.modscag (module)
  


      
  	datasets.ncep (module)
  


  

  	
      
  	datasets.prism (module)
  


      
  	datasets.rfe2 (module)
  


      
  	datasets.smap (module)
  


      
  	datasets.smos (module)
  


      
  	datasets.soilmoist (module)
  


      
  	datasets.trmm (module)
  


      
  	dates() (in module datasets)
  


      	
        
  	(in module datasets.amsre)
  


        
  	(in module datasets.chirps)
  


        
  	(in module datasets.cmorph)
  


        
  	(in module datasets.gpm)
  


        
  	(in module datasets.grace)
  


        
  	(in module datasets.iri)
  


        
  	(in module datasets.mcd15)
  


        
  	(in module datasets.merra)
  


        
  	(in module datasets.mod10)
  


        
  	(in module datasets.mod16)
  


        
  	(in module datasets.modscag)
  


        
  	(in module datasets.ncep)
  


        
  	(in module datasets.prism)
  


        
  	(in module datasets.rfe2)
  


        
  	(in module datasets.smap)
  


        
  	(in module datasets.smos)
  


        
  	(in module datasets.trmm)
  


      


      
  	dbio (module), [1]
  


      
  	deleteRasters() (in module dbio)
  


      
  	download() (in module datasets)
  


      	
        
  	(in module datasets.amsre)
  


        
  	(in module datasets.chirps)
  


        
  	(in module datasets.cmorph)
  


        
  	(in module datasets.gpm)
  


        
  	(in module datasets.grace)
  


        
  	(in module datasets.iri)
  


        
  	(in module datasets.mcd15)
  


        
  	(in module datasets.merra)
  


        
  	(in module datasets.mod10)
  


        
  	(in module datasets.mod16)
  


        
  	(in module datasets.modscag)
  


        
  	(in module datasets.ncep)
  


        
  	(in module datasets.prism)
  


        
  	(in module datasets.rfe2)
  


        
  	(in module datasets.smap)
  


        
  	(in module datasets.smos)
  


        
  	(in module datasets.trmm)
  


      


      
  	dropDatabase() (in module tests.database)
  


      
  	drought (module), [1]
  


      
  	DSSAT (class in dssat)
  


      
  	dssat (module), [1]
  


  





E


  	
      
  	E() (datasets.soilmoist.Soilmoist method)
  


      
  	ENKF (class in kalman)
  


      
  	Ensemble (class in ensemble)
  


  

  	
      
  	ensemble (module), [1]
  


      
  	execute() (in module forecast)
  


      	
        
  	(in module nowcast)
  


      


  





F


  	
      
  	fetch() (in module datasets.chirps)
  


      	
        
  	(in module datasets.cmorph)
  


        
  	(in module datasets.grace)
  


        
  	(in module datasets.rfe2)
  


        
  	(in module datasets.trmm)
  


      


      
  	fetchScalingGrid() (in module datasets.grace)
  


      
  	findTiles() (in module datasets.modis)
  


  

  	
      
  	forecast (module), [1]
  


      
  	ftp() (in module datasets.decorators)
  


  





G


  	
      
  	generate() (in module datasets.iri)
  


      
  	geotiff() (in module datasets.decorators)
  


      
  	get() (datasets.soilmoist.Soilmoist method)
  


      
  	getBasinFile() (in module config)
  


      
  	getForcings() (vic.vic.VIC method)
  


      
  	getOutputStruct() (vic.vic.VIC method)
  


  

  	
      
  	getResampledTables() (in module dbio)
  


      
  	getResolution() (in module config)
  


      
  	getVICExecutable() (in module config)
  


      
  	getVICvariables() (in module config)
  


      
  	Grace (class in datasets.grace)
  


      
  	grace (module)
  


  





H


  	
      
  	http() (in module datasets.decorators)
  


  

  	
      
  	hx() (datasets.soilmoist.Soilmoist method)
  


  





I


  	
      
  	ingest() (in module datasets)
  


      	
        
  	(in module datasets.iri)
  


        
  	(in module dbio)
  


      


      
  	ingestTables() (in module tests.database)
  


  

  	
      
  	initialize() (ensemble.Ensemble method)
  


      
  	iri (module)
  


  





K


  	
      
  	kalman (module), [1]
  


  





L


  	
      
  	LETKF (class in kalman)
  


      
  	loadFromFile() (in module config)
  


  

  	
      
  	loadFromMem() (in module config)
  


  





M


  	
      
  	mcd15 (module)
  


      
  	mean() (in module raster)
  


      
  	merra (module)
  


      
  	Mod10 (class in datasets.mod10)
  


      
  	mod10 (module)
  


  

  	
      
  	Mod16 (class in datasets.mod16)
  


      
  	mod16 (module)
  


      
  	modis (module)
  


      
  	Modscag (class in datasets.modscag)
  


      
  	modscag (module)
  


  





N


  	
      
  	ncep (module)
  


      
  	netcdf() (in module datasets.decorators)
  


  

  	
      
  	nowcast (module), [1]
  


  





O


  	
      
  	observationDates() (in module assimilation)
  


  





P


  	
      
  	paramFromDB() (vic.vic.VIC method)
  


      
  	parseArgs() (in module rheas)
  


      
  	path() (in module datasets.decorators)
  


  

  	
      
  	perturb() (ensemble.Ensemble method)
  


      
  	prism (module), [1]
  


  





R


  	
      
  	raster (module), [1]
  


      
  	readDatasetList() (in module datasets)
  


      
  	readOutput() (vic.vic.VIC method)
  


      
  	readSnowbands() (in module vic.state)
  


      
  	readStateFile() (in module vic.state)
  


      
  	readStateFiles() (ensemble.Ensemble method)
  


      
  	readVariable() (in module vic.state)
  


      
  	readVegetation() (in module vic.state)
  


      
  	readVICOutput() (dssat.DSSAT method)
  


      
  	readVICSoil() (dssat.DSSAT method)
  


  

  	
      
  	resampleRaster() (in module dbio)
  


      
  	resetDatetime() (in module datasets.decorators)
  


      
  	rfe2 (module)
  


      
  	rheas (module), [1]
  


      
  	run() (dssat.DSSAT method)
  


      	
        
  	(ensemble.Ensemble method)
  


        
  	(in module rheas)
  


        
  	(vic.vic.VIC method)
  


      


      
  	runDeterministicVIC() (in module nowcast)
  


      
  	runDSSAT() (in module forecast)
  


      	
        
  	(in module nowcast)
  


      


      
  	runEnsembleVIC() (in module nowcast)
  


      
  	runVIC() (in module forecast)
  


      	
        
  	(in module nowcast)
  


      


  





S


  	
      
  	save() (dssat.DSSAT method)
  


      	
        
  	(ensemble.Ensemble method)
  


        
  	(vic.vic.VIC method)
  


      


      
  	schemaExists() (in module dbio)
  


      
  	setDates() (ensemble.Ensemble method)
  


      
  	setStateFiles() (ensemble.Ensemble method)
  


      
  	setUp() (tests.testdatasets.testDatasets method)
  


      	
        
  	(tests.testforecast.testForecast method)
  


        
  	(tests.testnowcast.testNowcast method)
  


      


      
  	setUpClass() (tests.testdatasets.testDatasets class method)
  


      	
        
  	(tests.testforecast.testForecast class method)
  


        
  	(tests.testnowcast.testNowcast class method)
  


      


      
  	Smap (class in datasets.smap)
  


      
  	smap (module)
  


      
  	Smos (class in datasets.smos)
  


  

  	
      
  	smos (module)
  


      
  	Soilmoist (class in datasets.soilmoist)
  


      
  	soilmoist (module)
  


      
  	spatialSubset() (in module datasets)
  


      
  	SQRTENKF (class in kalman)
  


      
  	state (module)
  


      
  	stateFile() (vic.vic.VIC method)
  


      
  	stddev() (in module raster)
  


  





T


  	
      
  	tableExists() (in module dbio)
  


      
  	tearDown() (tests.testforecast.testForecast method)
  


      	
        
  	(tests.testnowcast.testNowcast method)
  


      


      
  	tearDownClass() (tests.testdatasets.testDatasets class method)
  


      	
        
  	(tests.testforecast.testForecast class method)
  


        
  	(tests.testnowcast.testNowcast class method)
  


      


      
  	template() (in module vic.output)
  


      
  	testAssimilationVIC() (tests.testnowcast.testNowcast method)
  


      
  	testDatasets (class in tests.testdatasets)
  


      
  	testDeterministicDSSAT() (tests.testnowcast.testNowcast method)
  


      
  	testDeterministicVIC() (tests.testnowcast.testNowcast method)
  


      
  	testEnsembleDSSAT() (tests.testnowcast.testNowcast method)
  


      
  	testEnsembleVIC() (tests.testnowcast.testNowcast method)
  


      
  	testEspDSSAT() (tests.testforecast.testForecast method)
  


      
  	testEspVIC() (tests.testforecast.testForecast method)
  


      
  	testEspVICwithAssimilation() (tests.testforecast.testForecast method)
  


      
  	testEspVICwithPerturb() (tests.testforecast.testForecast method)
  


  

  	
      
  	testForecast (class in tests.testforecast)
  


      
  	testIriVIC() (tests.testforecast.testForecast method)
  


      
  	testMultiplePrecipVIC() (tests.testnowcast.testNowcast method)
  


      
  	testNowcast (class in tests.testnowcast)
  


      
  	tests (module), [1]
  


      
  	tests.database (module)
  


      
  	tests.testdatasets (module)
  


      
  	tests.testforecast (module)
  


      
  	tests.testnowcast (module)
  


      
  	testTable() (tests.testdatasets.testDatasets method)
  


      
  	testVICWithState() (tests.testnowcast.testNowcast method)
  


      
  	TileReader (class in raster)
  


      
  	trmm (module)
  


  





U


  	
      
  	uncompress() (in module datasets)
  


      
  	update() (in module rheas)
  


  

  	
      
  	updateStateFiles() (ensemble.Ensemble method)
  


      
  	updateVariable() (in module vic.state)
  


  





V


  	
      
  	variableGroup() (in module vic.output)
  


      
  	VIC (class in vic.vic)
  


      
  	vic (module), [1], [2]
  


      
  	vic.output (module)
  


  

  	
      
  	vic.state (module)
  


      
  	vic.vic (module)
  


      
  	vic_output (module)
  


  





W


  	
      
  	writeConfigFile() (dssat.DSSAT method)
  


      
  	writeControlFile() (dssat.DSSAT method)
  


      
  	writeForcings() (ensemble.Ensemble method)
  


      	
        
  	(vic.vic.VIC method)
  


      


      
  	writeGeotif() (in module dbio)
  


      
  	writeLAI() (dssat.DSSAT method)
  


      
  	writeParamFile() (vic.vic.VIC method)
  


      
  	writeParamFiles() (ensemble.Ensemble method)
  


  

  	
      
  	writeSoilFile() (vic.vic.VIC method)
  


      
  	writeSoilFiles() (ensemble.Ensemble method)
  


      
  	writeSoilMoist() (dssat.DSSAT method)
  


      
  	writeStateFile() (in module vic.state)
  


      
  	writeToDB() (vic.vic.VIC method)
  


      
  	writeWeatherFiles() (dssat.DSSAT method)
  


  





X


  	
      
  	x() (datasets.soilmoist.Soilmoist method)
  


  







          

      

      

    


    
         Copyright 2015, Kostas Andreadis.
      Created using Sphinx 1.3.5.
    

  _modules/datasets/grace.html


    
      Navigation


      
        		
          index


        		
          modules |


        		RHEAS 0.2 documentation »


          		Module code »


          		datasets »

 
      


    


    
      
          
            
  Source code for datasets.grace

""" RHEAS module for retrieving water storage anomaly data from the
    GRACE satellite mission.

.. module:: grace
   :synopsis: Retrieve GRACE TWS data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from datasets.decorators import geotiff, http
from datetime import timedelta
import datasets


table = "tws.grace"


@geotiff
@http
[docs]def fetch(dbname, dt, bbox):
    """Downloads GRACE water storage anomaly data from the data server."""
    url = "ftp://podaac-ftp.jpl.nasa.gov/allData/tellus/L3/land_mass//RL05/geotiff/GRCTellus.CSR.{0:04d}{1:02d}{2:02d}.LND.RL05.DSTvSCS1409.tif.gz"
    return url, bbox, dt



@geotiff
@http
[docs]def fetchScalingGrid(dbname, dt, bbox):
    """Downloads GRACE scaling factor grid, in order to multiply the retrieved
    land data. See http://grace.jpl.nasa.gov/data/get-data/monthly-mass-grids-land for details."""
    url = "ftp://podaac-ftp.jpl.nasa.gov/allData/tellus/L3/land_mass//RL05/geotiff/CLM4.SCALE_FACTOR.DS.G300KM.RL05.DSTvSCS1409.tif.gz"
    return url, bbox, dt



[docs]def download(dbname, dts, bbox=None):
    res = 1.0
    sdata, _, _, _ = fetchScalingGrid(dbname, dts[0], bbox)
    for dt in [dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]:
        try:
            data, lat, lon, t = fetch(dbname, dt, bbox)
            data *= sdata
            datasets.ingest(dbname, table, data, lat, lon, res, t, False)
        except:
            pass



[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]class Grace:

    pass
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  Source code for datasets.modscag

"""Class definition for the MODSCAG snow cover fraction data type.

.. module:: modscag
   :synopsis: Definition of the MODSCAG class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from snowcover import Snowcover
import dbio
from datetime import timedelta
import datasets
import modis
import requests
from requests.auth import HTTPDigestAuth
import tempfile
import lxml.html
import subprocess
import glob
import shutil
import logging


table = "snow.modscag"
username = "akostas"
password = "m0red@7@!"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dts, bbox):
    """Downloads the MODSCAG snow cover fraction data product for a specific
    date *dt* and imports it into the PostGIS database *dbname*."""
    log = logging.getLogger(__name__)
    res = 0.01
    tiles = modis.findTiles(bbox)
    for dt in [dts[0] + timedelta(dti) for dti in range((dts[-1] - dts[0]).days + 1)]:
        temppath = tempfile.mkdtemp()
        url = "https://snow-data.jpl.nasa.gov/modscag-historic/{0}/{1}".format(dt.year, dt.strftime("%j"))
        r = requests.get(url, auth=HTTPDigestAuth(username, password))
        if r.status_code == 200:
            dom = lxml.html.fromstring(r.text)
            links = [link for link in dom.xpath('//a/@href') if link.find("snow_fraction.tif") > 0]
            for t in tiles:
                filenames = filter(lambda f: f.find("h{0:02d}v{1:02d}".format(t[1], t[0])) > 0, links)
                if len(filenames) > 0:
                    filename = filenames[0]
                    r = requests.get("{0}/{1}".format(url, filename), auth=HTTPDigestAuth(username, password))
                    with open("{0}/{1}".format(temppath, filename), 'wb') as fout:
                        fout.write(r.content)
            tifs = glob.glob("{0}/*.tif".format(temppath))
            if len(tifs) > 0:
                proc = subprocess.Popen(["gdal_merge.py", "-o", "{0}/snow.tif".format(temppath)] + tifs, stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                proc = subprocess.Popen(["gdal_calc.py", "-A", "{0}/snow.tif".format(temppath), "--outfile={0}/snow1.tif".format(
                    temppath), "--NoDataValue=-9999", "--calc=\"(A<101.0)*(A+9999.0)-9999.0\""], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                proc = subprocess.Popen(["gdalwarp", "-t_srs", "'+proj=latlong +ellps=sphere'", "-tr", str(
                    res), str(-res), "{0}/snow1.tif".format(temppath), "{0}/snow2.tif".format(temppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                if bbox is None:
                    pstr = []
                else:
                    pstr = ["-projwin", str(bbox[0]), str(bbox[3]), str(bbox[2]), str(bbox[1])]
                proc = subprocess.Popen(["gdal_translate", "-a_srs", "epsg:4326"] + pstr + ["{0}/snow2.tif".format(temppath), "{0}/snow3.tif".format(temppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                dbio.ingest(dbname, "{0}/snow3.tif".format(temppath), dt, table, False)
                shutil.rmtree(temppath)
            else:
                log.warning("MODSCAG data not available for {0}. Skipping download!".format(
                    dt.strftime("%Y-%m-%d")))



[docs]class Modscag(Snowcover):

    def __init__(self, uncert=None):
        super(Modscag, self).__init__(uncert)
        self.res = 0.01
        self.stddev = 0.05
        self.tablename = "snow.modscag"
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  Source code for datasets.smos

"""Class definition for the SMOS Soil Mositure data type.

.. module:: smos
   :synopsis: Definition of the SMOS class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from soilmoist import Soilmoist
import dbio
import os
import netCDF4 as netcdf
from datetime import datetime, timedelta
import datasets
import logging


table = "soilmoist.smos"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dt, bbox=None):
    """Downloads SMOS soil mositure data for a set of dates *dt*
    and imports them into the PostGIS database *dbname*. Optionally
    uses a bounding box to limit the region with [minlon, minlat, maxlon, maxlat]."""
    log = logging.getLogger(__name__)
    res = 0.25
    url = "http://rheas:rheasjpl@cp34-bec.cmima.csic.es/thredds/dodsC/NRTSM001D025A_ALL"
    f = netcdf.Dataset(url)
    lat = f.variables['lat'][::-1]  # swap latitude orientation to northwards
    lon = f.variables['lon'][:]
    i1, i2, j1, j2 = datasets.spatialSubset(lat, lon, res, bbox)
    smi1 = len(lat) - i2 - 1
    smi2 = len(lat) - i1 - 1
    lat = lat[i1:i2]
    lon = lon[j1:j2]
    t0 = datetime(2010, 1, 12)  # initial date of SMOS data
    t1 = (dt[0] - t0).days
    if t1 < 0:
        log.warning("Reseting start date to {0}".format(t0.strftime("%Y-%m-%d")))
        t1 = 0
    t2 = (dt[-1] - t0).days + 1
    nt, _, _ = f.variables['SM'].shape
    if t2 > nt:
        t2 = nt
        log.warning("Reseting end date to {0}".format((t0 + timedelta(t2)).strftime("%Y-%m-%d")))
    ti = range(t1, t2)
    sm = f.variables['SM'][ti, smi1:smi2, j1:j2]
    # FIXME: Use spatially variable observation error
    # smv = f.variables['VARIANCE_SM'][ti, i1:i2, j1:j2]
    for tj in range(sm.shape[0]):
        filename = dbio.writeGeotif(lat, lon, res, sm[tj, :, :])
        t = t0 + timedelta(ti[tj])
        dbio.ingest(dbname, filename, t, table, False)
        log.info("Imported SMOS {0}".format(tj))
        os.remove(filename)



[docs]class Smos(Soilmoist):

    def __init__(self, uncert=None):
        """Initialize SMOS soil moisture object."""
        super(Smos, self).__init__(uncert)
        self.res = 0.25
        self.stddev = 0.01
        self.tablename = "soilmoist.smos"
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  Source code for datasets.smap

"""Class definition for the SMAP Soil Mositure data type.

.. module:: smap
   :synopsis: Definition of the SMAP class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from soilmoist import Soilmoist
import h5py
import tempfile
from ftplib import FTP
import numpy as np
import dbio
import datasets
from datetime import timedelta
import logging


table = "soilmoist.smap"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dts, bbox=None):
    """Downloads SMAP soil mositure data for a set of dates *dt*
    and imports them into the PostGIS database *dbname*. Optionally
    uses a bounding box to limit the region with [minlon, minlat, maxlon, maxlat]."""
    log = logging.getLogger(__name__)
    res = 0.36
    url = "n5eil01u.ecs.nsidc.org"
    ftp = FTP(url)
    ftp.login()
    for dt in [dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]:
        try:
            r = ftp.cwd("/pub/SAN/SMAP/SPL3SMP.003/{0}".format(dt.strftime("%Y.%m.%d")))
            if r.find("successful") > 0:
                outpath = tempfile.mkdtemp()
                fname = [f for f in ftp.nlst() if f.find("h5") > 0][0]
                with open("{0}/{1}".format(outpath, fname), 'wb') as f:
                    ftp.retrbinary("RETR {0}".format(fname), f.write)
                f = h5py.File("{0}/{1}".format(outpath, fname))
                lat = f['Soil_Moisture_Retrieval_Data']['latitude'][:, 0]
                lon = f['Soil_Moisture_Retrieval_Data']['longitude'][0, :]
                lon[lon > 180] -= 360.0
                # FIXME: Need to add reprojection from EASE grid
                i1, i2, j1, j2 = datasets.spatialSubset(np.sort(lat)[::-1], np.sort(lon), res, bbox)
                lati = np.argsort(lat)[::-1][i1:i2]
                loni = np.argsort(lon)[j1:j2]
                sm = np.zeros((len(lati), len(loni)))
                for i in range(len(lati)):
                    for j in range(len(loni)):
                        sm[i, j] = f['Soil_Moisture_Retrieval_Data']['soil_moisture'][i, j]
                # FIXME: Use spatially variable observation error
                # sme = f['Soil_Moisture_Retrieval_Data']['soil_moisture_error'][i1:i2, j1:j2]
                lat = np.sort(lat)[::-1][i1:i2]
                lon = np.sort(lon)[j1:j2]
                filename = dbio.writeGeotif(lat, lon, res, sm)
                dbio.ingest(dbname, filename, dt, table, False)
            else:
                log.warning("No SMAP data available for {0}.".format(dt.strftime("%Y-%m-%d")))
        except:
            log.warning("No SMAP data available for {0}.".format(dt.strftime("%Y-%m-%d")))



[docs]class Smap(Soilmoist):

    def __init__(self, uncert=None):
        """Initialize SMAP soil moisture object."""
        super(Smap, self).__init__(uncert)
        self.res = 0.36
        self.stddev = 0.001
        self.tablename = "soilmoist.smap"
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  Source code for datasets.amsre

""" Class definition for the AMSR-E Soil Mositure data type.

.. module:: amsre
   :synopsis: Definition of the AMSRE class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from soilmoist import Soilmoist
from ftplib import FTP
from datetime import timedelta
import tempfile
import subprocess
import datasets
import dbio
import logging


table = "soilmoist.amsre"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, "soilmoist.amsre")
    return dts



[docs]def download(dbname, dts, bbox):
    """Downloads AMSR-E soil moisture data for a set of dates *dts*
    and imports them into the PostGIS database *outpath*. Optionally
    uses a bounding box to limit the region with [minlon, minlat, maxlon, maxlat]."""
    log = logging.getLogger(__name__)
    url = "n5eil01u.ecs.nsidc.org"
    ftp = FTP(url)
    ftp.login()
    ftp.cwd("SAN/AMSA/AE_Land3.002")
    for dt in [dts[0] + timedelta(ti) for ti in range((dts[-1] - dts[0]).days+1)]:
        datadir = dt.strftime("%Y.%m.%d")
        try:
            tmppath = tempfile.mkdtemp()
            ftp.cwd(datadir)
            fname = [f for f in ftp.nlst() if f.endswith("hdf")][0]
            with open("{0}/{1}".format(tmppath, fname), 'wb') as f:
                ftp.retrbinary("RETR {0}".format(fname), f.write)
            proc = subprocess.Popen(["gdal_translate", "HDF4_EOS:EOS_GRID:{0}/{1}:Ascending_Land_Grid:A_Soil_Moisture".format(tmppath, fname), "{0}/sma.tif".format(tmppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
            out, err = proc.communicate()
            log.debug(out)
            proc = subprocess.Popen(["gdal_translate", "HDF4_EOS:EOS_GRID:{0}/{1}:Descending_Land_Grid:D_Soil_Moisture".format(tmppath, fname), "{0}/smd.tif".format(tmppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
            out, err = proc.communicate()
            log.debug(out)
            # merge orbits
            proc = subprocess.Popen(["gdal_merge.py", "-o", "{0}/sm1.tif".format(tmppath), "{0}/sma.tif".format(tmppath), "{0}/smd.tif".format(tmppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
            out, err = proc.communicate()
            log.debug(out)
            # reproject data
            proc = subprocess.Popen(["gdalwarp", "-s_srs", "epsg:3410", "-t_srs", "epsg:4326", "{0}/sm1.tif".format(tmppath), "{0}/sm2.tif".format(tmppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
            out, err = proc.communicate()
            log.debug(out)
            if bbox is None:
                pstr = []
            else:
                pstr = ["-projwin", str(bbox[0]), str(bbox[3]), str(bbox[2]), str(bbox[1])]
            proc = subprocess.Popen(["gdal_translate"] + pstr + ["-ot", "Float32", "{0}/sm2.tif".format(tmppath), "{0}/sm3.tif".format(tmppath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
            out, err = proc.communicate()
            log.debug(out)
            filename = "{0}/amsre_soilm_{1}.tif".format(tmppath, dt.strftime("%Y%m%d"))
            proc = subprocess.Popen(["gdal_calc.py", "-A", "{0}/sm3.tif".format(tmppath), "--outfile={0}".format(filename), "--NoDataValue=-9999", "--calc=\"(abs(A)!=9999)*(A/1000.0+9999)-9999\""], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
            out, err = proc.communicate()
            log.debug(out)
            dbio.ingest(dbname, filename, dt, table, False)
            ftp.cwd("../")
        except:
            log.warning("AMSR-E data not available for {0}. Skipping download!".format(dt.strftime("%Y%m%d")))



[docs]class Amsre(Soilmoist):

    def __init__(self, uncert=None):
        """Initialize AMSR-E soil moisture object."""
        super(Amsre, self).__init__(uncert)
        self.res = 0.25
        self.stddev = 0.01
        self.tablename = "soilmoist.amsre"
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""" RHEAS module for retrieving rainfall data from the Climate Hazard Group
    InfraRed Precipitation with Station (CHIRPS) data archive.

.. module:: chirps
   :synopsis: Retrieve CHIRPS rainfall data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from datetime import timedelta
from datasets.decorators import geotiff, http
import datasets


table = "precip.chirps"


@geotiff
@http
[docs]def fetch(dbname, dt, bbox):
    """Downloads CHIRPS rainfall data from the data server."""
    url = "ftp://ftp.chg.ucsb.edu/pub/org/chg/products/CHIRPS-2.0/global_daily/tifs/p05/{0:04d}/chirps-v2.0.{0:04d}.{1:02d}.{2:02d}.tif.gz"
    return url, bbox, dt



[docs]def download(dbname, dts, bbox=None):
    res = 0.05
    for dt in [dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]:
        data, lat, lon, t = fetch(dbname, dt, bbox)
        datasets.ingest(dbname, table, data, lat, lon, res, t)



[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts
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  Source code for datasets.trmm

""" RHEAS module for retrieving the TRMM rainfall data (3B42v7) stored
    at the IRI Data Library.

.. module:: trmm
   :synopsis: Retrieve TRMM rainfall data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from datasets.decorators import netcdf
from datetime import timedelta
import datasets


table = "precip.trmm"


@netcdf
[docs]def fetch(dbname, dt, bbox):
    """Downloads TRMM 3B42v7 rainfall data from the IRI data server,
    and imports them into the database *dbname*. Optionally uses a bounding box to
    limit the region with [minlon, minlat, maxlon, maxlat]."""
    url = "http://iridl.ldeo.columbia.edu/SOURCES/.NASA/.GES-DAAC/.TRMM_L3/.TRMM_3B42/.v7/.daily/.precipitation/dods"
    varname = "precipitation"
    return url, varname, bbox, dt



[docs]def download(dbname, dts, bbox=None):
    res = 0.25
    data, lat, lon, dts = fetch(dbname, dts, bbox)
    for t, dt in enumerate([dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]):
        datasets.ingest(dbname, table, data[t, :, :], lat, lon, res, dt)



[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts
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  Source code for datasets.soilmoist

"""Definition for abstract soil moisture class.

.. module:: soilmoist
   :synopsis: Definition of the Soilmoist class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import numpy as np
import dbio
import logging


[docs]class Soilmoist(object):

    def __init__(self, uncert=None):
        """Initialize SMOS soil moisture object."""
        self.statevar = ["soil_moist"]
        self.obsvar = "soil_moist"
        self.uncert = uncert

[docs]    def x(self, dt, models):
        """Retrieve state variable from database."""
        data = {}
        db = dbio.connect(models.dbname)
        cur = db.cursor()
        for s in self.statevar:
            sql = "select ensemble,st_x(geom),st_y(geom),sum(val) from (select ensemble,layer,(ST_PixelAsCentroids(rast)).* from {0}.{1} where fdate=date '{2}-{3}-{4}') foo group by ensemble,geom order by ensemble".format(
                models.name, s, dt.year, dt.month, dt.day)
            cur.execute(sql)
            e, lon, lat, vals = zip(*cur.fetchall())
            gid = [models[0].lgid[(l[0], l[1])] for l in zip(lat, lon)]
            nens = max(e)
            data[s] = np.array(vals).reshape((len(vals) / nens, nens))
            lat = np.array(lat).reshape((len(lat) / nens, nens))
            lon = np.array(lon).reshape((len(lon) / nens, nens))
            gid = np.array(gid).reshape((len(gid) / nens, nens))
        cur.close()
        db.close()
        return data, lat, lon, gid


[docs]    def get(self, dt, models):
        """Retrieve observations from database for date *dt*."""
        db = dbio.connect(models.dbname)
        cur = db.cursor()
        sql = "select st_x(geom),st_y(geom),val from (select (st_pixelascentroids(st_clip(rast,geom))).* from {0},{1}.basin where st_intersects(rast,geom) and fdate=date '{2}-{3}-{4}') foo".format(
            self.tablename, models.name, dt.year, dt.month, dt.day)
        cur.execute(sql)
        if bool(cur.rowcount):
            lon, lat, data = zip(*cur.fetchall())
            data = np.array(data).reshape((len(data), 1))
            lat = np.array(lat).reshape((len(lat), 1))
            lon = np.array(lon).reshape((len(lon), 1))
            self.nobs = len(data)
        else:
            data = lat = lon = None
        cur.close()
        db.close()
        return data, lat, lon


[docs]    def hx(self, models, dt):
        """Retrieve observed variable from database and resample to observation resolution."""
        db = dbio.connect(models.dbname)
        cur = db.cursor()
        sql = "with f as (select st_union(st_clip(rast,geom)) as rast from {0},{1}.basin where st_intersects(rast,geom) and fdate=date '{2}-{3}-{4}') select ensemble,st_x(geom),st_y(geom),val from (select ensemble,(st_pixelascentroids(st_resample(b.rast,f.rast,'average'))).* from f,{1}.{5} as b where layer=1 and fdate=date '{2}-{3}-{4}') foo order by ensemble".format(
            self.tablename, models.name, dt.year, dt.month, dt.day, self.obsvar)
        cur.execute(sql)
        e, lon, lat, data = zip(*cur.fetchall())
        nens = max(e)
        lat = np.array(lat).reshape((len(lat) / nens, nens))
        lon = np.array(lon).reshape((len(lon) / nens, nens))
        data = np.array(data).reshape((len(data) / nens, nens))
        sql = "select depths from {0}.basin order by geom <-> st_geomfromtext('POINT(%(lon)s %(lat)s)',4326) limit 1".format(
            models.name)
        for i in range(len(data) / nens):
            for e in range(nens):
                cur.execute(sql, {'lat': lat[i, e], 'lon': lon[i, e]})
                z = cur.fetchone()[0][0]
                # convert to volumetric soil moisture
                data[i, e] /= (1000.0 * z)
        cur.close()
        db.close()
        return data, lat, lon


[docs]    def E(self, nens):
        """Generate observation error vector."""
        log = logging.getLogger(__name__)
        e = None
        if self.uncert is not None:
            try:
                e = self.uncert(size=(self.nobs, nens))
            except:
                log.warning("Error using provided parameters in observation error PDF. Reverting to default.")
        if e is None:
            e = np.random.normal(0.0, self.stddev, (self.nobs, nens))
        return e
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  Source code for datasets.merra

""" RHEAS module for retrieving maximum, minimum temperature
and wind speed from the MERRA Reanalysis.

.. module:: merra
   :synopsis: Retrieve MERRA meteorological data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import netCDF4 as netcdf
import numpy as np
import os
from datetime import timedelta
import dbio
import datasets
import logging


[docs]def dates(dbname):
    dts = datasets.dates(dbname, "wind.merra")
    return dts



def _downloadVariable(varname, dbname, dt, bbox):
    """Download specific variable from the MERRA Reanalysis dataset."""
    # FIXME: Grid is not rectangular, but 0.5 x 0.625 degrees
    log = logging.getLogger(__name__)
    res = 0.5
    try:
        url = "http://goldsmr4.sci.gsfc.nasa.gov:80/dods/M2T1NXSLV"
        ds = netcdf.Dataset(url)
        lat = ds.variables["lat"][:]
        lon = ds.variables["lon"][:]
        lon[lon > 180] -= 360.0
        i1, i2, j1, j2 = datasets.spatialSubset(np.sort(lat)[::-1], np.sort(lon), res, bbox)
        data = np.zeros((i2-i1, j2-j1))
        lati = np.argsort(lat)[::-1][i1:i2]
        loni = np.argsort(lon)[j1:j2]
        t = ds.variables["time"]
        tt = netcdf.num2date(t[:], units=t.units)
        ti = np.where(tt == dt)[0][0]
        if varname == "tmax":
            hdata = ds.variables["t2m"][ti:ti+24, lati, loni]
            data = np.amax(hdata, axis=0) - 273.15
        elif varname == "tmin":
            hdata = ds.variables["t2m"][ti:ti+24, lati, loni]
            data = np.amin(hdata, axis=0) - 273.15
        elif varname in ["wind"]:
            hdata = np.sqrt(ds.variables["u10m"][ti:ti+24, lati, loni]**2 + ds.variables["v10m"][ti:ti+24, lati, loni]**2)
            data = np.mean(hdata, axis=0)
        lat = np.sort(lat)[::-1][i1:i2]
        lon = np.sort(lon)[j1:j2]
        filename = dbio.writeGeotif(lat, lon, res, data)
        table = "{0}.merra".format(varname)
        dbio.ingest(dbname, filename, dt, table)
        log.info("Imported {0} in {1}".format(tt[ti].strftime("%Y-%m-%d"), table))
        os.remove(filename)
    except:
        log.warning("Cannot import MERRA dataset for {0}!".format(dt.strftime("%Y-%m-%d")))


[docs]def download(dbname, dts, bbox=None):
    """Downloads MERRA Reanalysis data from the NASA data server,
    and imports them into the database *dbname*. Optionally uses a bounding box to
    limit the region with [minlon, minlat, maxlon, maxlat]."""
    for dt in [dts[0] + timedelta(dti) for dti in range((dts[-1] - dts[0]).days + 1)]:
        for varname in ["tmax", "tmin", "wind"]:
            _downloadVariable(varname, dbname, dt, bbox)
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  Source code for datasets.gpm

""" RHEAS module for retrieving the GPM daily precipitation data product (IMERG).

.. module:: prism
   :synopsis: Retrieve GPM precipitation data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""


from ftplib import FTP
from datetime import datetime, timedelta
import tempfile
import subprocess
import datasets
import dbio
import re
import logging


table = "precip.gpm"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dts, bbox):
    """Downloads the PRISM data products for a set of
    dates *dt* and imports them into the PostGIS database *dbname*."""
    log = logging.getLogger(__name__)
    url = "jsimpson.pps.eosdis.nasa.gov"
    ftp = FTP(url)
    # FIXME: Change to RHEAS-specific password
    ftp.login('kandread@jpl.nasa.gov', 'kandread@jpl.nasa.gov')
    ftp.cwd("data/imerg/gis")
    outpath = tempfile.mkdtemp()
    for dt in [dts[0] + timedelta(t) for t in range((dts[-1] - dts[0]).days+1)]:
        try:
            if dt.year < datetime.today().year:
                ftp.cwd("/data/imerg/gis/{0}/{1:02d}".format(dt.year, dt.month))
            else:
                ftp.cwd("/data/imerg/gis/{0:02d}".format(dt.month))
            filenames = [f for f in ftp.nlst() if re.match(r"3B.*{0}.*S000000.*1day\.tif.*".format(dt.strftime("%Y%m%d")), f) is not None]
            if len(filenames) > 0:
                fname = filenames[0]
                with open("{0}/{1}".format(outpath, fname), 'wb') as f:
                    ftp.retrbinary("RETR {0}".format(fname), f.write)
                with open("{0}/{1}".format(outpath, fname.replace("tif", "tfw")), 'wb') as f:
                    ftp.retrbinary("RETR {0}".format(fname.replace("tif", "tfw")), f.write)
                tfname = fname.replace("tif", "tfw")
                fname = datasets.uncompress(fname, outpath)
                datasets.uncompress(tfname, outpath)
                proc = subprocess.Popen(["gdalwarp", "-t_srs", "-ot", "Float32", "epsg:4326", "{0}/{1}".format(outpath, fname), "{0}/prec.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                if bbox is not None:
                    proc = subprocess.Popen(["gdal_translate", "-ot", "Float32", "-a_srs", "epsg:4326", "-projwin", "{0}".format(bbox[0]), "{0}".format(bbox[3]), "{0}".format(bbox[2]), "{0}".format(bbox[1]), "{0}/prec.tif".format(outpath), "{0}/prec1.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                    out, err = proc.communicate()
                    log.debug(out)
                else:
                    proc = subprocess.Popen(["gdal_translate", "-a_srs", "epsg:4326", "{0}/prec.tif".format(outpath), "{0}/prec1.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                    out, err = proc.communicate()
                    log.debug(out)
                # multiply by 0.1 to get mm/hr and 24 to get mm/day
                proc = subprocess.Popen(["gdal_calc.py", "-A", "{0}/prec1.tif".format(outpath), "--outfile={0}/prec2.tif".format(outpath), "--calc=\"2.4*A\""], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                dbio.ingest(dbname, "{0}/prec2.tif".format(outpath), dt, table, True)
        except:
            log.warning("No data were available to import into {0} for {1}.".format(table, dt.strftime("%Y-%m-%d")))
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  Source code for tests.testdatasets

""" RHEAS dataset testing suite.

   :synopsis: Unit tests for RHEAS dataset download

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import unittest
import rpath
import dbio
import datasets
import tests.database
from datetime import datetime


[docs]class testDatasets(unittest.TestCase):

    @classmethod
[docs]    def setUpClass(cls):
        dbname = "testdb"
        tests.database.createDatabase(dbname)


[docs]    def setUp(self):
        self.dbname = "testdb"
        configfile = "{0}/tests/data.conf".format(rpath.data)
        conf = datasets.readDatasetList(configfile)
        bbox = map(lambda s: conf.getfloat('domain', s), [
                   'minlon', 'minlat', 'maxlon', 'maxlat'])
        for name in ["chirps", "ncep", "smos", "trmm"]:
            mod = __import__("datasets.{0}".format(name), fromlist=[name])
            t0 = datetime.strptime(conf.get(name, 'startdate'), "%Y-%m-%d")
            t1 = datetime.strptime(conf.get(name, 'enddate'), "%Y-%m-%d")
            mod.download(self.dbname, (t0, t1), bbox)


[docs]    def testTable(self):
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("select * from information_schema.tables where table_name='chirps' and table_schema='precip'")
        assert bool(cur.rowcount) is True


    @classmethod
[docs]    def tearDownClass(cls):
        dbname = "testdb"
        tests.database.dropDatabase(dbname)
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rheas module


RHEAS module for main functionality.



		
rheas.parseArgs()[source]


		Parses command line arguments and prints help messages.









		
rheas.run()[source]


		Main RHEAS routine.









		
rheas.update(dbname, configfile)[source]


		Fetch datasets and update database.
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  Source code for tests.testnowcast

""" RHEAS nowcast testing suite.

   :synopsis: Unit tests for RHEAS nowcast module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import unittest
import nowcast
import rpath
import config
import dbio
import tempfile
import tests.database


[docs]class testNowcast(unittest.TestCase):

    @classmethod
[docs]    def setUpClass(cls):
        """Create dummy database for testing."""
        dbname = "testdb"
        tests.database.createDatabase(dbname)
        tests.database.ingestTables(dbname)


    @classmethod
[docs]    def tearDownClass(cls):
        """Delete testing database."""
        dbname = "testdb"
        tests.database.dropDatabase(dbname)


[docs]    def setUp(self):
        """Set parameters for nowcast unit tests."""
        self.dbname = "testdb"
        configfile = "{0}/tests/nowcast.conf".format(rpath.data)
        self.options = config.loadFromFile(configfile)
        self.options['nowcast'][
            'basin'] = "{0}/tests/basin.shp".format(rpath.data)
        self.options['dssat'][
            'shapefile'] = "{0}/tests/basin.shp".format(rpath.data)
        self.options['nowcast']['model'] = "vic"
        tests.database.cultivars(self.dbname)


[docs]    def tearDown(self):
        """Clean up data generated after each unit test."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("drop schema {0} cascade".format(self.options['nowcast']['name']))
        db.commit()
        cur.close()
        db.close()


[docs]    def testDeterministicVIC(self):
        """Test deterministic nowcast VIC simulation."""
        nowcast.execute(self.dbname, self.options)
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("select * from information_schema.tables where table_name='runoff' and table_schema='basin'")
        assert bool(cur.rowcount) is True
        cur.close()
        db.close()


[docs]    def testDeterministicDSSAT(self):
        """Test deterministic nowcast DSSAT simulation."""
        self.options['nowcast']['model'] = 'vic, dssat'
        self.options['nowcast']['startdate'] = "2011-2-21"
        self.options['nowcast']['enddate'] = "2011-4-30"
        nowcast.execute(self.dbname, self.options)


[docs]    def testEnsembleVIC(self):
        """Test ensemble nowcast VIC simulation."""
        self.options['vic']['ensemble size'] = 2
        nowcast.execute(self.dbname, self.options)


[docs]    def testEnsembleDSSAT(self):
        """Test ensemble nowcast DSSAT simulation."""
        self.options['nowcast']['model'] = 'vic, dssat'
        self.options['vic']['ensemble size'] = 2
        self.options['nowcast']['startdate'] = "2011-2-21"
        self.options['nowcast']['enddate'] = "2011-4-30"
        nowcast.execute(self.dbname, self.options)


[docs]    def testAssimilationVIC(self):
        """Test nowcast VIC simulation with data assimilation."""
        self.options['nowcast']['startdate'] = "2011-1-1"
        self.options['nowcast']['enddate'] = "2011-1-2"
        self.options['vic']['ensemble size'] = 3
        self.options['vic']['observations'] = "smos"
        nowcast.execute(self.dbname, self.options)


[docs]    def testMultiplePrecipVIC(self):
        """Test VIC simulation with multiple precipitation datasets."""
        self.options['vic']['precip'] = 'chirps, trmm'
        nowcast.execute(self.dbname, self.options)


[docs]    def testVICWithState(self):
        """Test saving and restarting VIC with state file."""
        statepath = tempfile.mkdtemp()
        self.options['vic']['save state'] = statepath
        nowcast.execute(self.dbname, self.options)
        self.options['vic'].pop('save state')
        self.options['vic']['initialize'] = True
        self.options['nowcast']['startdate'] = "2011-2-1"
        self.options['nowcast']['enddate'] = "2011-2-2"
        nowcast.execute(self.dbname, self.options)
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  Source code for tests.testforecast

""" RHEAS forecast testing suite.

   :synopsis: Unit tests for RHEAS forecast module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import unittest
import forecast
import rpath
import subprocess
import config
import dbio
import tests.database


[docs]class testForecast(unittest.TestCase):

    @classmethod
[docs]    def setUpClass(cls):
        """Create dummy database for testing."""
        dbname = "testdb"
        tests.database.createDatabase(dbname)
        tests.database.ingestTables(dbname)
        subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/precip_iri.sql".format(rpath.data)])
        subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/tmax_iri.sql".format(rpath.data)])


    @classmethod
[docs]    def tearDownClass(cls):
        """Delete testing database."""
        dbname = "testdb"
        tests.database.dropDatabase(dbname)


[docs]    def setUp(self):
        """Set parameters for forecast unit tests."""
        self.dbname = "testdb"
        configfile = "{0}/tests/forecast.conf".format(rpath.data)
        self.options = config.loadFromFile(configfile)
        self.options['forecast'][
            'basin'] = "{0}/tests/basin.shp".format(rpath.data)
        self.options['dssat'][
            'shapefile'] = "{0}/tests/basin.shp".format(rpath.data)
        tests.database.cultivars(self.dbname)


[docs]    def tearDown(self):
        """Clean up data generated after each unit test."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("drop schema {0} cascade".format(self.options['forecast']['name']))
        db.commit()
        cur.close()
        db.close()


[docs]    def testEspVIC(self):
        """Test ESP forecast VIC simulation, with random initialization."""
        self.options['forecast']['ensemble size'] = 2
        self.options['forecast']['method'] = "esp"
        forecast.execute(self.dbname, self.options)


[docs]    def testEspVICwithPerturb(self):
        """Test ESP forecast VIC simulation, with initialization
        from perturbed model simulations."""
        self.options['forecast']['ensemble size'] = 2
        self.options['forecast']['method'] = "esp"
        self.options['vic']['initialize'] = "perturb"
        forecast.execute(self.dbname, self.options)


[docs]    def testIriVIC(self):
        """Test forecast VIC simulations using IRI forecast data."""
        self.options['forecast']['startdate'] = "2012-2-1"
        self.options['forecast']['enddate'] = "2012-4-30"
        self.options['forecast']['ensemble size'] = 1
        self.options['forecast']['method'] = "iri"
        forecast.execute(self.dbname, self.options)


[docs]    def testEspVICwithAssimilation(self):
        """Test ESP forecast VIC simulation with data assimilation."""
        self.options['forecast']['startdate'] = "2011-1-1"
        self.options['forecast']['enddate'] = "2011-1-31"
        self.options['vic']['ensemble size'] = 3
        self.options['forecast']['ensemble size'] = 3
        self.options['vic']['observations'] = "smos"
        forecast.execute(self.dbname, self.options)


[docs]    def testEspDSSAT(self):
        """Test ESP forecast DSSAT simulation."""
        self.options['forecast']['model'] = 'vic, dssat'
        self.options['forecast']['ensemble size'] = 2
        self.options['forecast']['method'] = "esp"
        self.options['forecast']['startdate'] = "2011-2-1"
        self.options['forecast']['enddate'] = "2011-4-30"
        forecast.execute(self.dbname, self.options)
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datasets package



Submodules





datasets.amsre module


Class definition for the AMSR-E Soil Mositure data type.



		
class datasets.amsre.Amsre(uncert=None)[source]


		Bases: datasets.soilmoist.Soilmoist









		
datasets.amsre.dates(dbname)[source]


		






		
datasets.amsre.download(dbname, dts, bbox)[source]


		Downloads AMSR-E soil moisture data for a set of dates dts
and imports them into the PostGIS database outpath. Optionally
uses a bounding box to limit the region with [minlon, minlat, maxlon, maxlat].











datasets.chirps module



		RHEAS module for retrieving rainfall data from the Climate Hazard Group


		InfraRed Precipitation with Station (CHIRPS) data archive.






		
datasets.chirps.dates(dbname)[source]


		






		
datasets.chirps.download(dbname, dts, bbox=None)[source]


		






		
datasets.chirps.fetch(*args, **kwargs)[source]


		Downloads CHIRPS rainfall data from the data server.











datasets.cmorph module



		RHEAS module for retrieving the CMORPH rainfall data (daily mean morphed) stored


		at the IRI Data Library.






		
datasets.cmorph.dates(dbname)[source]


		






		
datasets.cmorph.download(dbname, dts, bbox=None)[source]


		






		
datasets.cmorph.fetch(*args, **kwargs)[source]


		Downloads CMORPH rainfall data from the IRI data server,
and imports them into the database db. Optionally uses a bounding box to
limit the region with [minlon, minlat, maxlon, maxlat].











datasets.decorators module


Definition for RHEAS Datasets decorators.



		
datasets.decorators.ftp(fetch)[source]


		Decorator for downloading files from FTP sites.









		
datasets.decorators.geotiff(fetch)[source]


		Decorator for reading data from raster files.









		
datasets.decorators.http(fetch)[source]


		Decorator for downloading files from HTTP sites.









		
datasets.decorators.netcdf(fetch)[source]


		Decorator for fetching NetCDF files (local or from Opendap servers).









		
datasets.decorators.path(fetch)[source]


		Decorator for getting files from local path.









		
datasets.decorators.resetDatetime(dt)[source]


		Set time to 00:00 to align with daily data.











datasets.gpm module


RHEAS module for retrieving the GPM daily precipitation data product (IMERG).



		
datasets.gpm.dates(dbname)[source]


		






		
datasets.gpm.download(dbname, dts, bbox)[source]


		Downloads the PRISM data products for a set of
dates dt and imports them into the PostGIS database dbname.











datasets.grace module



		RHEAS module for retrieving water storage anomaly data from the


		GRACE satellite mission.






		
class datasets.grace.Grace[source]


		






		
datasets.grace.dates(dbname)[source]


		






		
datasets.grace.download(dbname, dts, bbox=None)[source]


		






		
datasets.grace.fetch(*args, **kwargs)[source]


		Downloads GRACE water storage anomaly data from the data server.









		
datasets.grace.fetchScalingGrid(*args, **kwargs)[source]


		Downloads GRACE scaling factor grid, in order to multiply the retrieved
land data. See http://grace.jpl.nasa.gov/data/get-data/monthly-mass-grids-land for details.











datasets.iri module


RHEAS module for retrieving meteorological forecasts/hindcasts
from the IRI FD Seasonal Forecast Tercile Probabilities.



		
datasets.iri.dates(dbname)[source]


		






		
datasets.iri.download(dbname, dts, bbox=None)[source]


		Downloads IRI forecast tercile probability data from the IRI data server,
and imports them into the database dbname. Optionally uses a bounding box to
limit the region with [minlon, minlat, maxlon, maxlat].









		
datasets.iri.generate(options, models)[source]


		Generate meteorological forecast forcings by resampling fine-scale climatology.









		
datasets.iri.ingest(dbname, filename, dt, lt, cname, stname)[source]


		Imports Geotif filename into database dbname.











datasets.mcd15 module


RHEAS module for retrieving MODIS Leaf Area Index data (MCD15 product).



		
datasets.mcd15.dates(dbname)[source]


		






		
datasets.mcd15.download(dbname, dts, bbox)[source]


		Downloads the combined MODIS LAI data product MCD15 for
a specific date dt and imports them into the PostGIS database dbname.











datasets.merra module


RHEAS module for retrieving maximum, minimum temperature
and wind speed from the MERRA Reanalysis.



		
datasets.merra.dates(dbname)[source]


		






		
datasets.merra.download(dbname, dts, bbox=None)[source]


		Downloads MERRA Reanalysis data from the NASA data server,
and imports them into the database dbname. Optionally uses a bounding box to
limit the region with [minlon, minlat, maxlon, maxlat].











datasets.mod10 module


Class definition for the MODIS snow cover fraction data type.



		
class datasets.mod10.Mod10[source]


		Bases: object









		
datasets.mod10.dates(dbname)[source]


		






		
datasets.mod10.download(dbname, dts, bbox)[source]


		Downloads the Terra MODIS snow cover fraction data product MOD10 for
a specific date dt and imports them into the PostGIS database dbname.











datasets.mod16 module


RHEAS module for retrieving MODIS evapotranspiration data (MOD16 product).



		
class datasets.mod16.Mod16[source]


		






		
datasets.mod16.dates(dbname)[source]


		






		
datasets.mod16.download(dbname, dts, bbox)[source]


		Downloads the MODIS evapotranspiration data product MOD16 for
a set of dates dt and imports them into the PostGIS database dbname.











datasets.modis module


Module definition for MODIS tiles.



		
datasets.modis.findTiles(bbox)[source]


		Returns the tile IDs that need to be downloaded for
a given region bounded by bbox.











datasets.modscag module


Class definition for the MODSCAG snow cover fraction data type.



		
class datasets.modscag.Modscag(uncert=None)[source]


		Bases: datasets.snowcover.Snowcover









		
datasets.modscag.dates(dbname)[source]


		






		
datasets.modscag.download(dbname, dts, bbox)[source]


		Downloads the MODSCAG snow cover fraction data product for a specific
date dt and imports it into the PostGIS database dbname.











datasets.ncep module


RHEAS module for retrieving maximum and minimum
temperature from the NCEP Reanalysis stored at the IRI Data Library.



		
datasets.ncep.dates(dbname)[source]


		






		
datasets.ncep.download(dbname, dts, bbox=None)[source]


		Downloads NCEP Reanalysis data from the IRI data server,
and imports them into the database db. Optionally uses a bounding box to
limit the region with [minlon, minlat, maxlon, maxlat].











datasets.prism module


RHEAS module for retrieving PRISM meteorological data.



		
datasets.prism.dates(dbname)[source]


		






		
datasets.prism.download(dbname, dts, bbox)[source]


		Downloads the PRISM data products for a set of
dates dt and imports them into the PostGIS database dbname.











datasets.rfe2 module



		RHEAS module for retrieving the RFEv2 rainfall data stored


		at the IRI Data Library.






		
datasets.rfe2.dates(dbname)[source]


		






		
datasets.rfe2.download(dbname, dts, bbox=None)[source]


		






		
datasets.rfe2.fetch(*args, **kwargs)[source]


		Downloads RFE2 rainfall data from the data server.











datasets.smap module


Class definition for the SMAP Soil Mositure data type.



		
class datasets.smap.Smap(uncert=None)[source]


		Bases: datasets.soilmoist.Soilmoist









		
datasets.smap.dates(dbname)[source]


		






		
datasets.smap.download(dbname, dts, bbox=None)[source]


		Downloads SMAP soil mositure data for a set of dates dt
and imports them into the PostGIS database dbname. Optionally
uses a bounding box to limit the region with [minlon, minlat, maxlon, maxlat].











datasets.smos module


Class definition for the SMOS Soil Mositure data type.



		
class datasets.smos.Smos(uncert=None)[source]


		Bases: datasets.soilmoist.Soilmoist









		
datasets.smos.dates(dbname)[source]


		






		
datasets.smos.download(dbname, dt, bbox=None)[source]


		Downloads SMOS soil mositure data for a set of dates dt
and imports them into the PostGIS database dbname. Optionally
uses a bounding box to limit the region with [minlon, minlat, maxlon, maxlat].











datasets.soilmoist module


Definition for abstract soil moisture class.



		
class datasets.soilmoist.Soilmoist(uncert=None)[source]


		Bases: object



		
E(nens)[source]


		Generate observation error vector.









		
get(dt, models)[source]


		Retrieve observations from database for date dt.









		
hx(models, dt)[source]


		Retrieve observed variable from database and resample to observation resolution.









		
x(dt, models)[source]


		Retrieve state variable from database.

















datasets.trmm module



		RHEAS module for retrieving the TRMM rainfall data (3B42v7) stored


		at the IRI Data Library.






		
datasets.trmm.dates(dbname)[source]


		






		
datasets.trmm.download(dbname, dts, bbox=None)[source]


		






		
datasets.trmm.fetch(*args, **kwargs)[source]


		Downloads TRMM 3B42v7 rainfall data from the IRI data server,
and imports them into the database dbname. Optionally uses a bounding box to
limit the region with [minlon, minlat, maxlon, maxlat].











Module contents


Definition for RHEAS Datasets package.



		
datasets.dates(dbname, tablename)[source]


		Check what dates need to be imported for a specific dataset.









		
datasets.download(dbname, dts, bbox, conf, name)[source]


		Download a generic dataset based on user-provided information.









		
datasets.ingest(dbname, table, data, lat, lon, res, t, resample=True, overwrite=True)[source]


		Import data into RHEAS database.









		
datasets.readDatasetList(filename)[source]


		Read list of datasets to be fetched and imported into
the RHEAS database.









		
datasets.spatialSubset(lat, lon, res, bbox)[source]


		Subsets arrays of latitude/longitude based on bounding box bbox.









		
datasets.uncompress(filename, outpath)[source]


		Uncompress archived files.
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""" RHEAS module for main functionality.

.. module:: rheas
   :synopsis: Module for executing the RHEAS system

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import config
import nowcast
import forecast
import argparse
import dbio
import datasets
from datetime import datetime
import logging


[docs]def parseArgs():
    """Parses command line arguments and prints help messages."""
    parser = argparse.ArgumentParser(description='Runs RHEAS simulation.')
    parser.add_argument('config', help='configuration file')
    parser.add_argument('-d', metavar='DB', help='name of database to connect')
    parser.add_argument('-u', '--update', help='update database', action='store_true')
    parser.add_argument('-v', '--verbose', help='increase verbosity', action='store_true')
    parser.add_argument('-l', metavar='logfile', help='name of log file')
    args = parser.parse_args()
    return args.config, args.d, args.update, args.verbose, args.l



[docs]def update(dbname, configfile):
    """Fetch datasets and update database."""
    log = logging.getLogger(__name__)
    conf = datasets.readDatasetList(configfile)
    try:
        bbox = map(lambda s: conf.getfloat('domain', s), [
                   'minlon', 'minlat', 'maxlon', 'maxlat'])
    except:
        bbox = None
    for name in conf.sections():
        if name != 'domain':
            try:
                mod = __import__("datasets.{0}".format(name), fromlist=[name])
            except:
                mod = None
            if conf.has_option(name, 'startdate'):
                t0 = datetime.strptime(conf.get(name, 'startdate'), "%Y-%m-%d")
            else:
                t0 = None
            if conf.has_option(name, 'enddate'):
                t1 = datetime.strptime(conf.get(name, 'enddate'), "%Y-%m-%d")
            else:
                t1 = datetime.today()
            if mod is None:
                # download generic datasets
                datasets.download(dbname, (t0, t1), bbox, conf, name)
            else:
                dt = mod.dates(dbname)
                if t0 is None:
                    if dt is None:
                        log.warning("Date information for {0} not found in the database or data.conf. Please add a startdate in the data.conf file.".format(name))
                    else:
                        dt = (dt[0], t1)
                else:
                    dt = (t0, t1)
                if dt is not None:
                    mod.download(dbname, dt, bbox)



[docs]def run():
    """Main RHEAS routine."""
    config_filename, dbname, db_update, verbose, logfile = parseArgs()
    if verbose:
        log_level = logging.DEBUG
    else:
        log_level = logging.INFO
    if logfile is None:
        logging.basicConfig(level=log_level, format='%(levelname)s: %(message)s')
    else:
        logging.basicConfig(filename=logfile, level=log_level, format='%(levelname)s: %(message)s')
    log = logging.getLogger(__name__)
    if dbname is None:
        dbname = "rheas"
    dbio.connect(dbname)
    # check if database update is requested
    if db_update:
        log.info("Updating database!")
        update(dbname, config_filename)
    else:
        options = config.loadFromFile(config_filename)
        # check what simulations have been requested
        if "nowcast" in options:
            nowcast.execute(dbname, options)
        if "forecast" in options:
            forecast.execute(dbname, options)



if __name__ == '__main__':
    run()
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config module


RHEAS configuration file parser module.



		
config.getBasinFile(options)[source]


		Get basin file name from configuration options.









		
config.getResolution(options)[source]


		Get spatial resolution from configuration options.









		
config.getVICExecutable(options)[source]


		Get VIC executable from configuration options or set it to
default location of not given.









		
config.getVICvariables(options)[source]


		Get list of VIC variables and format to save.









		
config.loadFromFile(config_filename)[source]


		Loads a RHEAS configuration from a file.









		
config.loadFromMem(contents)[source]


		Loads a RHEAS configuration from a memory.
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dbio module


Module for interfacing with the PostGIS database



		
dbio.columnExists(dbname, schemaname, tablename, colname)[source]


		Tests whether a column exists in a table.









		
dbio.connect(dbname)[source]


		Connect to database dbname.









		
dbio.createResampledCatalog(dbname)[source]


		Create catalog that holds information on resampled rasters.









		
dbio.createResampledTables(dbname, sname, tname, dt, tilesize, overwrite, squery='')[source]


		Cache resampled tables by using materialized views.









		
dbio.deleteRasters(dbname, tablename, dt, squery='')[source]


		If date already exists delete associated rasters before
ingesting, and optionally constrain with subquery.









		
dbio.getResampledTables(dbname, options, res)[source]


		Find names of resampled raster tables.









		
dbio.ingest(dbname, filename, dt, stname, resample=True, overwrite=True)[source]


		Imports Geotif filename into database db.









		
dbio.resampleRaster(dbname, sname, tname, dt, res, method, tilesize, overwrite, squery='')[source]


		Resample raster to target resolution.









		
dbio.schemaExists(dbname, schemaname)[source]


		Check if schema exists in database.









		
dbio.tableExists(dbname, schemaname, tablename)[source]


		Check if table exists in the database.









		
dbio.writeGeotif(lat, lon, res, data, filename=None)[source]


		Writes Geotif in temporary directory so it can be imported into the PostGIS database.
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vic package



Submodules





vic.output module


Module containing output templates for VIC.



		
vic.output.template(varlist)[source]


		Returns string of VIC output template.









		
vic.output.variableGroup(args)[source]


		Returns new list of variables by expanding variable that corresponds to group name.











vic.state module


Module for the VIC model state functions



		
vic.state.readSnowbands(filename)[source]


		Read VIC elevation bands file.









		
vic.state.readStateFile(filename)[source]


		Reads VIC initial state file.









		
vic.state.readVariable(model, state, alat, alon, veg, bands, nlayer, varname)[source]


		Reads variable from VIC initial state.









		
vic.state.readVegetation(filename)[source]


		Reads VIC vegetation file.









		
vic.state.updateVariable(model, state, x, xa, alat, alon, agid, veg, bands, nlayer, varname)[source]


		Updates variable in VIC initial state.









		
vic.state.writeStateFile(filename, state, header)[source]


		Write state file after updating variable.











vic.vic module


Class definition for the VIC model interface



		
class vic.vic.VIC(path, dbname, resolution, startyear, startmonth, startday, endyear, endmonth, endday, name='', savestate='', nlayer=3)[source]


		
		
createIndexTable(dataset)[source]


		Creates index table from raster row, column, and tile for each grid cell.









		
getForcings(options)[source]


		Get meteorological forcings from database.









		
getOutputStruct(globalfile)[source]


		Creates a dictionary with output variable-file pairs.









		
paramFromDB()[source]


		Retrieve file parameters from database.









		
readOutput(args)[source]


		Reads VIC output for selected variables.









		
run(vicexec)[source]


		Run VIC model.









		
save(saveto, args, initialize=True, skipsave=0)[source]


		Reads and saves selected output data variables into the database or a user-defined directory.









		
stateFile()[source]


		Retrieve state file path from database.









		
writeForcings(prec, tmax, tmin, wind, lai=None)[source]


		Write VIC meteorological forcing data files.









		
writeParamFile(nodes=3, time_step=24, save_state='', init_state=False, state_file='', save_state_to_db=False)[source]


		Write VIC global parameter file for current simulation.









		
writeSoilFile(shapefile)[source]


		Write soil parameter file for current simulation based on basin shapefile.









		
writeToDB(data, dates, tablename, initialize, ensemble=False, skipsave=0)[source]


		Writes output data into database.

















Module contents


Definition for VIC package.
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  Source code for config

""" RHEAS configuration file parser module.

.. module:: config
   :synopsis: Module for parsing RHEAS configurations files

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import ConfigParser
import sys
import os
import re
import StringIO
import logging


def _readFromFile(config_filename):
    """Reads a RHEAS configuration from a file."""
    log = logging.getLogger(__name__)
    conf = ConfigParser.ConfigParser()
    try:
        conf.read(config_filename)
    except:
        log.error("File not found: {}".format(config_filename))
        sys.exit()
    return conf


def _parseConfig(config):
    """Parses configuration object into dictionary of options."""
    options = {}
    for section in config.sections():
        options[section] = {}
        for item in config.items(section):
            options[section.lower()][item[0]] = item[1]
    return options


def _checkOptions(options):
    """Checks for minimum required options in the RHEAS configuration."""
    log = logging.getLogger(__name__)
    if 'nowcast' in options:
        simtype = 'nowcast'
    elif 'forecast' in options:
        simtype = 'forecast'
    else:
        log.error("No configuration found for either a nowcast or a forecast. Exiting...")
        sys.exit()
    if not all((opt in options[simtype] for opt in ('model', 'startdate', 'enddate', 'name', 'basin', 'resolution'))):
        log.error("Missing options for {0}. Need (model, startdate, enddate, name, basin, resolution) options. Exiting...".format(
            simtype))
        sys.exit()
    if 'resolution' in options[simtype]:
        res = options[simtype]['resolution']
        if res < 0:
            log.error("Bad value for spatial resolution ({0}). Exiting...".format(res))
            sys.exit()


[docs]def loadFromFile(config_filename):
    """Loads a RHEAS configuration from a file."""
    conf = _readFromFile(config_filename)
    options = _parseConfig(conf)
    for section in options:
        if 'initialize' in options[section]:
            try:
                options[section]['initialize'] = conf.getboolean(
                    section, 'initialize')
            except:
                pass
        if 'assimilate' in options[section]:
            try:
                options[section]['assimilate'] = conf.getboolean(
                    section, 'assimilate')
            except:
                options[section]['assimilate'] = conf.get(section, 'assimilate')
    _checkOptions(options)
    return options



[docs]def loadFromMem(contents):
    """Loads a RHEAS configuration from a memory."""
    conf = ConfigParser.ConfigParser()
    conf.readfp(StringIO.StringIO(contents))
    options = _parseConfig(conf)
    for section in options:
        if 'initialize' in options[section]:
            try:
                options[section]['initialize'] = conf.getboolean(
                    section, 'initialize')
            except:
                pass
        if 'assimilate' in options[section]:
            try:
                options[section]['assimilate'] = conf.getboolean(
                    section, 'assimilate')
            except:
                pass
    _checkOptions(options)
    return options



[docs]def getResolution(options):
    """Get spatial resolution from configuration options."""
    log = logging.getLogger(__name__)
    try:
        res = float(options['resolution'])
    except:
        try:
            s = re.search("([0-9]+)([a-z]+)", options['resolution'].lower())
            units = {'k': 1.0, 'm': 1000.0}
            res = float(s.group(1)) / (110.0 * units[s.group(2)[0]])
        except:
            log.error("No appropriate resolution has been set. Exiting!")
            sys.exit()
    return res



[docs]def getVICExecutable(options):
    """Get VIC executable from configuration options or set it to
    default location of not given."""
    if 'exe' in options:
        vicexe = options['exe']
    else:
        if os.path.abspath(os.getcwd()).find("bin") >= 0:
            vicexe = "{0}/vicNl".format(os.path.abspath(os.getcwd()))
        else:
            vicexe = "{0}/bin/vicNl".format(os.path.abspath(os.getcwd()))
    return vicexe



[docs]def getBasinFile(options):
    """Get basin file name from configuration options."""
    log = logging.getLogger(__name__)
    basin = None
    if 'basin' in options and os.path.isfile(options['basin']):
        basin = options['basin']
    else:
        log.error("Basin file {0} not provided or does not exist. Exiting!".format(basin))
        sys.exit()
    return basin



[docs]def getVICvariables(options):
    """Get list of VIC variables and format to save."""
    if 'save to' in options['vic']:
        saveto = options['vic']['save to']
        if 'save' in options['vic']:
            savevars = map(lambda s: s.strip(), options[
                           'vic']['save'].split(","))
        else:
            savevars = []
        simtype = [k for k in options if k == 'nowcast' or k == 'forecast'][0]
        models = map(lambda s: s.strip(), options[simtype]['model'].split(","))
        if 'dssat' in models:
            for v in ['rainf', 'shortwave', 'longwave', 'soil_moist', 'tmax', 'tmin', 'lai']:
                if v not in savevars:
                    savevars.append(v)
            # if 'lai' in options['vic'] and not 'lai' in savevars:
            #     savevars.append('lai')
        for dvar in ['sri', 'spi']:
            if dvar in savevars:
                savevars.remove(dvar)
                savevars.extend(["{0}{1}".format(dvar, dur) for dur in (1, 3, 6, 12)])
        if 'observations' in options['vic']:
            obsnames = options['vic']['observations'].split(",")
            # FIXME: make this more dynamic by having the observation module
            # use its state variable and observation attributes
            if any(n in obsnames for n in ['amsre', 'smos', 'smap', 'windsat']) and 'soil_moist' not in savevars:
                savevars.append('soil_moist')
            if any(n in obsnames for n in ['mod16', 'ptjpl']):
                if 'evap' not in savevars:
                    savevars.append('evap')
                if 'soil_moist' not in savevars:
                    savevars.append('soil_moist')
    else:
        saveto = None
    return saveto, savevars






          

      

      

    


    
        © Copyright 2015, Kostas Andreadis.
      Created using Sphinx 1.3.5.
    

  

_modules/forecast.html


    
      Navigation


      
        		
          index


        		
          modules |


        		RHEAS 0.2 documentation »


          		Module code »
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""" RHEAS module for forecasting

.. module:: forecast
   :synopsis: Definition of the forecast module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import ensemble
import config
import shutil
import sys
from assimilation import assimilate
from datetime import date
import dssat
import rpath
import raster
import logging


[docs]def runVIC(dbname, options):
    """Driver function for performing a VIC forecast simulation"""
    startyear, startmonth, startday = map(
        int, options['forecast']['startdate'].split('-'))
    endyear, endmonth, endday = map(
        int, options['forecast']['enddate'].split('-'))
    # if date(endyear, endmonth, endday) > (date(startyear, startmonth, startday) + relativedelta(months=3)):
    #     print("WARNING! Forecast with lead time longer than 3 months requested. Exiting...")
    #     sys.exit()
    res = config.getResolution(options['forecast'])
    vicexe = "{0}/vicNl".format(rpath.bins)
    basin = config.getBasinFile(options['forecast'])
    saveto, savevars = config.getVICvariables(options)
    name = options['forecast']['name'].lower()
    nens = int(options['forecast']['ensemble size'])
    method = options['forecast']['method']
    name = options['forecast']['name'].lower()
    models = ensemble.Ensemble(nens, dbname, res, startyear,
                               startmonth, startday, endyear, endmonth, endday, name)
    if 'initialize' in options['vic'] and options['vic']['initialize'] in ['perturb', 'random']:
        init_method = options['vic']['initialize']
    else:
        init_method = "determ"  # default option to initialize the ensemble from the same state
    # override initializaton method if assimilation was requested
    if 'observations' in options['vic']:
        init_method = "random"
        models.initialize(options, basin, init_method, vicexe,
                          saveindb=True, saveto=saveto, saveargs=savevars, skipsave=-1)
        data, alat, alon, agid = assimilate(options, date(
            models.startyear, models.startmonth, models.startday), models)
        models.updateStateFiles(data, alat, alon, agid)
    else:
        models.initialize(options, basin, init_method, vicexe,
                          saveindb=True, saveto=saveto, saveargs=savevars)
    models.writeParamFiles()
    models.writeForcings(method, options)
    models.run(vicexe)
    models.setDates(startyear, startmonth, startday, endyear, endmonth, endday)
    models.save(saveto, savevars)
    for varname in savevars:
        raster.stddev(models.dbname, "{0}.{1}".format(
            models.name, varname))
    for e in range(nens):
        shutil.rmtree(models[e].model_path)



[docs]def runDSSAT(dbname, options):
    """Driver function for performing a DSSAT forecast simulation"""
    startyear, startmonth, startday = map(
        int, options['forecast']['startdate'].split('-'))
    endyear, endmonth, endday = map(
        int, options['forecast']['enddate'].split('-'))
    res = float(options['forecast']['resolution'])
    nens = int(options['dssat']['ensemble size'])
    name = options['forecast']['name'].lower()
    dssatexe = "{0}/DSSAT_Ex.exe".format(rpath.bins)
    if 'shapefile' in options['dssat']:
        shapefile = options['dssat']['shapefile']
    else:
        shapefile = None
    if 'assimilate' in options['dssat']:
        assimilate = options['dssat']['assimilate']
    else:
        assimilate = "Y"
    model = dssat.DSSAT(dbname, name, res, startyear, startmonth, startday,
                        endyear, endmonth, endday, nens, options['vic'], shapefile, assimilate)
    model.run(dssatexe)



[docs]def execute(dbname, options):
    """Driver routine for a forecast simulation."""
    log = logging.getLogger(__name__)
    forecast_options = options['forecast']
    if 'model' in forecast_options:
        if 'vic' in forecast_options['model']:
            if 'vic' in options:
                runVIC(dbname, options)
            else:
                log.error("No configuration options for VIC model.")
                sys.exit()
        if 'dssat' in forecast_options['model']:
            if 'dssat' in options:
                runDSSAT(dbname, options)
            else:
                log.error("No configuration options for DSSAT model.")
                sys.exit()
    else:
        log.error("No model selected for forecast.")
        sys.exit()
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""" Module for interfacing with the PostGIS database

.. module:: dbio
   :synopsis: Definition of the DBIO module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import numpy as np
import tempfile
from osgeo import gdal, osr
import subprocess
import random
import psycopg2 as pg
import string
import rpath
import sys
import logging


[docs]def connect(dbname):
    """Connect to database *dbname*."""
    log = logging.getLogger(__name__)
    try:
        db = pg.connect(database=dbname)
    except pg.OperationalError:
        db = None
        try:
            db = pg.connect(database=dbname, host="/tmp/")
        except:
            log.error("Cannot connect to database {0}. Please restart it by running \n {1}/pg_ctl -D {2}/postgres restart".format(
                dbname, rpath.bins, rpath.data))
            sys.exit()
    return db



[docs]def columnExists(dbname, schemaname, tablename, colname):
    """Tests whether a column exists in a table."""
    db = connect(dbname)
    cur = db.cursor()
    sql = "select column_name from information_schema.columns where table_schema='{0}' and table_name='{1}' and column_name='{2}'".format(schemaname, tablename, colname)
    cur.execute(sql)
    column_exists = bool(cur.rowcount)
    cur.close()
    db.close()
    return column_exists



[docs]def tableExists(dbname, schemaname, tablename):
    """Check if table exists in the database."""
    db = connect(dbname)
    cur = db.cursor()
    cur.execute("select * from information_schema.tables where table_schema='{0}' and table_name='{1}'".format(schemaname, tablename))
    table_exists = bool(cur.rowcount)
    cur.close()
    db.close()
    return table_exists



[docs]def schemaExists(dbname, schemaname):
    """Check if schema exists in database."""
    db = connect(dbname)
    cur = db.cursor()
    cur.execute("select * from information_schema.schemata where schema_name='{0}'".format(schemaname))
    schema_exists = bool(cur.rowcount)
    cur.close()
    db.close()
    return schema_exists



[docs]def writeGeotif(lat, lon, res, data, filename=None):
    """Writes Geotif in temporary directory so it can be imported into the PostGIS database."""
    if isinstance(data, np.ma.masked_array):
        nodata = np.double(data.fill_value)
        data = data.data
    else:
        nodata = -9999.
    if len(data.shape) < 2:
        nrows = int((max(lat) - min(lat)) / res) + 1
        ncols = int((max(lon) - min(lon)) / res) + 1
        out = np.zeros((nrows, ncols)) + nodata
        for c in range(len(lat)):
            i = int((max(lat) - lat[c]) / res)
            j = int((lon[c] - min(lon)) / res)
            out[i, j] = data[c]
    else:
        nrows, ncols = data.shape
        out = data
    if filename is None:
        f = tempfile.NamedTemporaryFile(suffix=".tif", delete=False)
        filename = f.name
        f.close()
    driver = gdal.GetDriverByName("GTiff")
    ods = driver.Create(filename, ncols, nrows, 1, gdal.GDT_Float32)
    ods.SetGeoTransform([min(lon) - res / 2.0, res, 0,
                         max(lat) + res / 2.0, 0, -res])
    srs = osr.SpatialReference()
    srs.SetWellKnownGeogCS("WGS84")
    ods.SetProjection(srs.ExportToWkt())
    ods.GetRasterBand(1).WriteArray(out)
    ods.GetRasterBand(1).SetNoDataValue(nodata)
    ods = None
    return filename



[docs]def deleteRasters(dbname, tablename, dt, squery=""):
    """If date already exists delete associated rasters before
    ingesting, and optionally constrain with subquery."""
    log = logging.getLogger(__name__)
    db = connect(dbname)
    cur = db.cursor()
    sql = "select * from {0} where fdate='{1}'".format(tablename, dt.strftime("%Y-%m-%d"))
    cur.execute(sql)
    if bool(cur.rowcount):
        log.warning("Overwriting raster in {0} table for {1}".format(tablename, dt.strftime("%Y-%m-%d")))
        cur.execute("delete from {0} where fdate='{1}' {2}".format(tablename, dt.strftime("%Y-%m-%d"), squery))
        db.commit()
    cur.close()
    db.close()



def _getResamplingMethod(dbname, tablename, res):
    """Return a raster resampling method based on the resolution of the model and the requested datasets."""
    db = connect(dbname)
    cur = db.cursor()
    cur.execute(
        "select st_pixelheight(rast) from {0} limit 1".format(tablename))
    data_res = cur.fetchone()[0]
    if res == data_res:
        resample_method = "near"
    elif res < data_res:
        resample_method = "bilinear"
    else:
        resample_method = "average"
    cur.close()
    db.close()
    return resample_method


[docs]def getResampledTables(dbname, options, res):
    """Find names of resampled raster tables."""
    rtables = {}
    db = connect(dbname)
    cur = db.cursor()
    for v in ['precip', 'tmax', 'tmin', 'wind']:
        tname = options['vic'][v]
        cur.execute(
            "select * from raster_resampled where sname='{0}' and tname like '{1}%' and resolution={2}".format(v, tname, res))
        rtables[v] = cur.fetchone()[1]
    cur.close()
    db.close()
    return rtables



def _createRasterTable(dbname, stname):
    """Create table *stname* holding rasters in database *dbname*."""
    db = connect(dbname)
    cur = db.cursor()
    cur.execute(
        "create table {0} (rid serial primary key, rast raster, fdate date not null)".format(stname))
    db.commit()
    cur.close()
    db.close()


def _createDateIndex(dbname, schemaname, tablename):
    """Create table index based on date column."""
    db = connect(dbname)
    cur = db.cursor()
    cur.execute("create index {1}_t on {0}.{1}(fdate)".format(schemaname, tablename))
    db.commit()
    cur.close()
    db.close()


[docs]def createResampledCatalog(dbname):
    """Create catalog that holds information on resampled rasters."""
    db = connect(dbname)
    cur = db.cursor()
    cur.execute("select * from information_schema.tables where table_name='raster_resampled'")
    if not bool(cur.rowcount):
        sql = """create or replace function resampled(_s text, _t text, out result double precision) as
        $func$
        begin
        execute format('select st_scalex(rast) from %s.%s limit 1',quote_ident(_s),quote_ident(_t)) into result;
        end
        $func$ language plpgsql;"""
        cur.execute(sql)
        cur.execute("create or replace view raster_resampled as (select r_table_schema as sname,r_table_name as tname,resampled(r_table_schema,r_table_name) as resolution from raster_columns)")
        db.commit()
    cur.close()
    db.close()



[docs]def resampleRaster(dbname, sname, tname, dt, res, method, tilesize, overwrite, squery=""):
    """Resample raster to target resolution."""
    db = connect(dbname)
    cur = db.cursor()
    # check if resampled table exists
    cur.execute("select * from pg_catalog.pg_class c inner join pg_catalog.pg_namespace n on c.relnamespace=n.oid where n.nspname='{0}' and c.relname='{1}_{2}'".format(sname, tname, int(1.0 / res)))
    # if it exists insert data, if not create it
    if bool(cur.rowcount):
        # check if date already exists and delete it before ingesting
        if overwrite:
            deleteRasters(dbname, "{0}.{1}_{2}".format(sname, tname, int(1.0 / res)), dt, squery)
        sql = "insert into {0}.{1}_{2} (with dt as (select max(fdate) as maxdate from {0}.{1}_{2}), f as (select fdate,st_tile(st_rescale(rast,{3},'{4}'),{5},{6}) as rast from {0}.{1} where fdate=date'{7}' {8}) select fdate,rast,dense_rank() over (order by st_upperleftx(rast),st_upperlefty(rast)) as rid from f)".format(sname, tname, int(1.0 / res), res, method, tilesize[0], tilesize[1], dt.strftime("%Y-%m-%d"), squery)
        cur.execute(sql)
    else:
        sql = "create table {0}.{1}_{2} as (with f as (select fdate,st_tile(st_rescale(rast,{3},'{4}'),{5},{6}) as rast from {0}.{1} where fdate=date'{7}' {8}) select fdate,rast,dense_rank() over (order by st_upperleftx(rast),st_upperlefty(rast)) as rid from f)".format(
            sname, tname, int(1.0 / res), res, method, tilesize[0], tilesize[1], dt.strftime("%Y-%m-%d"), squery)
        cur.execute(sql)
        cur.execute("create index {1}_{2}_t on {0}.{1}_{2}(fdate)".format(
            sname, tname, int(1.0 / res)))
        cur.execute("create index {1}_{2}_r on {0}.{1}_{2}(rid)".format(
            sname, tname, int(1.0 / res)))
    db.commit()



[docs]def createResampledTables(dbname, sname, tname, dt, tilesize, overwrite, squery=""):
    """Cache resampled tables by using materialized views."""
    db = connect(dbname)
    cur = db.cursor()
    # create catalog that holds information on resampled rasters
    createResampledCatalog(dbname)
    # create or update materialized view for each resolution available to VIC
    cur.execute("select distinct(resolution) from vic.soils")
    if bool(cur.rowcount):
        resolutions = [r[0] for r in cur.fetchall()]
        for res in resolutions:
            # get appropriate resampling method
            method = _getResamplingMethod(dbname, "{0}.{1}".format(sname, tname), res)
            resampleRaster(dbname, sname, tname, dt, res, method, tilesize, overwrite, squery)
    cur.close()
    db.close()



[docs]def ingest(dbname, filename, dt, stname, resample=True, overwrite=True):
    """Imports Geotif *filename* into database *db*."""
    log = logging.getLogger(__name__)
    tilesize = (10, 10)
    db = connect(dbname)
    cur = db.cursor()
    # import temporary table
    temptable = ''.join(random.SystemRandom().choice(
        string.ascii_letters) for _ in range(8))
    cmd = "{3}/raster2pgsql -d -s 4326 {0} {2} | {3}/psql -d {1}".format(filename, dbname, temptable, rpath.bins)
    proc = subprocess.Popen(cmd, shell=True, stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
    out, err = proc.communicate()
    log.debug(out)
    cur.execute("alter table {0} add column fdate date".format(temptable))
    cur.execute(
        "update {3} set fdate = date '{0}-{1}-{2}'".format(dt.year, dt.month, dt.day, temptable))
    # check if table exists
    schemaname, tablename = stname.split(".")
    if not schemaExists(dbname, schemaname):
        cur.execute("create schema {0}".format(schemaname))
        db.commit()
    if not tableExists(dbname, schemaname, tablename):
        _createRasterTable(dbname, stname)
        _createDateIndex(dbname, schemaname, tablename)
    # check if date already exists and delete it before ingesting
    if overwrite:
        deleteRasters(dbname, "{0}.{1}".format(schemaname, tablename), dt)
    # create tiles from imported raster and insert into table
    cur.execute("insert into {0}.{1} (fdate,rast) select fdate,rast from {2}".format(
        schemaname, tablename, temptable))
    db.commit()
    # create materialized views for resampled rasters
    if resample:
        log.info("Creating resampled table for {0}.{1}".format(schemaname, tablename))
        createResampledTables(dbname, schemaname, tablename, dt, tilesize, overwrite)
    # delete temporary table
    cur.execute("drop table {0}".format(temptable))
    db.commit()
    log.info("Imported {0} in {1}".format(dt.strftime("%Y-%m-%d"), stname))
    cur.close()
    db.close()
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forecast module


RHEAS module for forecasting



		
forecast.execute(dbname, options)[source]


		Driver routine for a forecast simulation.









		
forecast.runDSSAT(dbname, options)[source]


		Driver function for performing a DSSAT forecast simulation









		
forecast.runVIC(dbname, options)[source]


		Driver function for performing a VIC forecast simulation
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  Source code for datasets

""" Definition for RHEAS Datasets package.

.. module:: datasets
   :synopsis: Definition of the Datasets package

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import os
import ConfigParser
import sys
import dbio
from datetime import datetime, timedelta
import numpy as np
import gzip
import zipfile
from decorators import geotiff, path
import logging


[docs]def uncompress(filename, outpath):
    """Uncompress archived files."""
    if filename.endswith("gz"):
        f = gzip.open("{0}/{1}".format(outpath, filename), 'rb')
        contents = f.read()
        f.close()
        lfilename = filename.replace(".gz", "")
        with open("{0}/{1}".format(outpath, lfilename), 'wb') as f:
            f.write(contents)
    elif filename.endswith("zip"):
        f = zipfile.ZipFile("{0}/{1}".format(outpath, filename))
        lfilename = filter(lambda s: s.endswith("tif"), f.namelist())[0]
        f.extract(lfilename, outpath)
    else:
        lfilename = filename
    return lfilename



[docs]def readDatasetList(filename):
    """Read list of datasets to be fetched and imported into
    the RHEAS database."""
    log = logging.getLogger(__name__)
    conf = ConfigParser.ConfigParser()
    try:
        conf.read(filename)
    except:
        log.error("File not found: {}".format(filename))
        sys.exit()
    return conf



[docs]def dates(dbname, tablename):
    """Check what dates need to be imported for a specific dataset."""
    dts = None
    db = dbio.connect(dbname)
    cur = db.cursor()
    sname, tname = tablename.split(".")
    cur.execute(
        "select * from information_schema.tables where table_name='{0}' and table_schema='{1}'".format(tname, sname))
    if bool(cur.rowcount):
        sql = "select max(fdate) from {0}".format(tablename)
        cur.execute(sql)
        te = cur.fetchone()[0]
        te = datetime(te.year, te.month, te.day)
        if te < datetime.today():
            dts = (te + timedelta(1), datetime.today())
    else:
        dts = None
    return dts



[docs]def spatialSubset(lat, lon, res, bbox):
    """Subsets arrays of latitude/longitude based on bounding box *bbox*."""
    if bbox is None:
        i1 = 0
        i2 = len(lat)-1
        j1 = 0
        j2 = len(lat)-1
    else:
        i1 = np.where(bbox[3] <= lat+res/2)[0][-1]
        i2 = np.where(bbox[1] >= lat-res/2)[0][0]
        j1 = np.where(bbox[0] >= lon-res/2)[0][-1]
        j2 = np.where(bbox[2] <= lon+res/2)[0][0]
    return i1, i2+1, j1, j2+1



[docs]def download(dbname, dts, bbox, conf, name):
    """Download a generic dataset based on user-provided information."""
    log = logging.getLogger(__name__)
    try:
        url = conf.get(name, 'path')
        res = conf.getfloat(name, 'res')
        table = conf.get(name, 'table')
    except:
        url = res = table = None

    @geotiff
    @path
    def fetch(dbname, dt, bbox):
        return url, bbox, dt
    if url is not None and res is not None and table is not None:
        for dt in [dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]:
            data, lat, lon, t = fetch(dbname, dt, bbox)
            ingest(dbname, table, data, lat, lon, res, t)
    else:
        log.warning("Missing options for local dataset {0}. Nothing ingested!".format(name))



[docs]def ingest(dbname, table, data, lat, lon, res, t, resample=True, overwrite=True):
    """Import data into RHEAS database."""
    log = logging.getLogger(__name__)
    if data is not None:
        if len(data.shape) > 2:
            data = data[0, :, :]
        filename = dbio.writeGeotif(lat, lon, res, data)
        dbio.ingest(dbname, filename, t, table, resample, overwrite)
        log.info("Imported {0} in {1}".format(t.strftime("%Y-%m-%d"), table))
        os.remove(filename)
    else:
        log.warning("No data were available to import into {0} for {1}.".format(table, t.strftime("%Y-%m-%d")))
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  Source code for ensemble

""" Class definition for the ensemble interface

.. module:: ensemble
   :synopsis: Definition of the ensemble class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import vic
from vic import state
import tempfile
import sys
import random
from datetime import date, timedelta
from multiprocessing import Process
import numpy as np
import shutil
import os
from dateutil.relativedelta import relativedelta
import rpath
import dbio
import logging


[docs]class Ensemble:

    def __init__(self, nens, dbname, resolution, startyear, startmonth, startday,
                 endyear, endmonth, endday, name=""):
        """Create an ensemble of models with size *nens*."""
        self.nens = nens
        self.models = []
        self.name = name
        self.statefiles = []
        self.res = resolution
        self.startyear, self.startmonth, self.startday = startyear, startmonth, startday
        self.endyear, self.endmonth, self.endday = endyear, endmonth, endday
        self.dbname = dbname
        for e in range(nens):
            modelpath = tempfile.mkdtemp(dir=".")
            model = vic.VIC(modelpath, dbname, resolution, startyear, startmonth, startday,
                            endyear, endmonth, endday, name=name)
            self.models.append(model)

    def _ensembleTable(self, write, e):
        def write_wrapper(data, dates, tablename, initialize, skipsave):
            return write(data, dates, tablename, initialize, e, skipsave=skipsave)
        return write_wrapper

[docs]    def setStateFiles(self, statefiles):
        """Set initial state files for each ensemble member."""
        for e in range(len(statefiles)):
            try:
                shutil.copy(statefiles[e], self.models[e].model_path)
            except:
                pass
            filename = statefiles[e].split("/")[-1]
            statefiles[
                e] = "{0}/{1}".format(self.models[e].model_path, filename)
        self.statefiles = statefiles


[docs]    def readStateFiles(self):
        """Read initial state files for each ensemble member."""
        cells = []
        _, vegfile, snowbandfile = self.models[0].paramFromDB()
        veg = state.readVegetation("{0}/{1}".format(rpath.data, vegfile))
        bands, _ = state.readSnowbands(
            "{0}/{1}".format(rpath.data, snowbandfile))
        for filename in self.statefiles:
            c, _, _, _ = state.readStateFile(filename)
            cells.append(c)
        return cells, veg, bands


[docs]    def updateStateFiles(self, data, alat, alon, agid):
        """Update initial state files with *data*."""
        _, vegparam, snowbands = self.models[0].paramFromDB()
        veg = state.readVegetation("{0}/{1}".format(rpath.data, vegparam))
        bands, _ = state.readSnowbands("{0}/{1}".format(rpath.data, snowbands))
        for e, statefile in enumerate(self.statefiles):
            states, nlayer, nnodes, dateline = state.readStateFile(statefile)
            for var in data:
                x = state.readVariable(self.models[e], states, alat[var], alon[
                                       var], veg, bands, nlayer, var)

                states = state.updateVariable(self.models[e], states, x, data[var][:, e], alat[
                                              var], alon[var], agid, veg, bands, nlayer, var)
            state.writeStateFile(statefile, states, "{0}\n{1} {2}".format(
                dateline.strip(), nlayer, nnodes))


[docs]    def setDates(self, startyear, startmonth, startday, endyear, endmonth, endday):
        """Set simulation dates for entire ensemble."""
        self.startyear, self.startmonth, self.startday = startyear, startmonth, startday
        self.endyear, self.endmonth, self.endday = endyear, endmonth, endday
        for m in self.models:
            m.startyear = startyear
            m.startmonth = startmonth
            m.startday = startday
            m.endyear = endyear
            m.endmonth = endmonth
            m.endday = endday


    def __getitem__(self, m):
        """Return a model instance."""
        return self.models[m]

    def __len__(self):
        """Return ensemble size."""
        return len(self.models)

    def __iter__(self):
        """Return an iterator to model ensemble members."""
        return iter(self.models)

[docs]    def writeParamFiles(self, savestate=""):
        """Write model parameter file for each ensemble member."""
        for e, model in enumerate(self.models):
            if len(self.statefiles) > 0:
                model.writeParamFile(state_file=self.statefiles[
                                     e], save_state=savestate)
            else:
                model.writeParamFile(save_state=savestate)


[docs]    def writeSoilFiles(self, shapefile):
        """Write soil parameter files based on domain shapefile."""
        self.models[0].writeSoilFile(shapefile)
        for model in self.models[1:]:
            shutil.copy(
                "{0}/soil.txt".format(self.models[0].model_path), "{0}/".format(model.model_path))
            model.lat = self.models[0].lat
            model.lon = self.models[0].lon
            model.gid = self.models[0].gid
            model.lgid = self.models[0].lgid
            model.depths = self.models[0].depths
            model.elev = self.models[0].elev


[docs]    def writeForcings(self, method, options):
        """Write forcings for the ensemble based on method (ESP, BCSD)."""
        log = logging.getLogger(__name__)
        if method.lower() == "esp":
            self._ESP(options)
        elif method.lower() == "bcsd":
            pass
        elif method.lower() == "iri":
            self.__fromDataset("iri", options)
        elif method.lower() == "nmme":
            self.__fromDataset("nmme", options)
        else:
            log.error("No appropriate method for generating meteorological forecast ensemble, exiting!")
            sys.exit()


    def __fromDataset(self, dataset, options):
        """Generate and write forcings by using a dataset-specific function."""
        dsmod = __import__("datasets." + dataset, fromlist=[dataset])
        dsmod.generate(options, self)

[docs]    def perturb(self, prec, tmax, tmin, wind, nens=None, perr=0.25, terr=2.0):
        """Perturb meteorological forcings."""
        if nens is None:
            nens = self.nens
        ensprec = []
        enstmax = []
        enstmin = []
        enswind = []
        for e in range(nens):
            p = []
            tx = []
            tn = []
            w = []
            for i in range(len(prec)):
                p.append(list(prec[i]))
                if prec[i][2] > 0.0:
                    p[-1][2] = np.log(np.random.lognormal(prec[i]
                                                          [2], abs(perr * prec[i][2])))
                tx.append(list(tmax[i]))
                tn.append(list(tmin[i]))
                tavgp = 0.5 * (tmax[i][2] + tmin[i][2]) + \
                    np.random.normal(0., terr)
                tx[-1][2] = (tavgp - 0.5 * tmin[i][2]) / 0.5
                tn[-1][2] = (tavgp - 0.5 * tmax[i][2]) / 0.5
                w.append(list(wind[i]))
            ensprec.append(p)
            enstmax.append(tx)
            enstmin.append(tn)
            enswind.append(w)
        return ensprec, enstmax, enstmin, enswind


    def _ESP(self, options):
        """Generate meteorological forcings using the Ensemble Streamflow Prediction method."""
        ndays = (date(self.endyear, self.endmonth, self.endday) -
                 date(self.startyear, self.startmonth, self.startday)).days
        db = dbio.connect(self.models[0].dbname)
        cur = db.cursor()
        if self.startmonth < self.endmonth:
            sql = "select distinct (date_part('year', fdate)) as year from precip.{0} where date_part('month', fdate) >= {1} and date_part('month', fdate) <= {2}".format(options['vic']['precip'], self.startmonth, self.endmonth)
        else:
            sql = "select distinct (date_part('year', fdate)) as year from precip.{0} where date_part('month', fdate) >= {1} or date_part('month', fdate) <= {2}".format(options['vic']['precip'], self.startmonth, self.endmonth)
        cur.execute(sql)
        years = map(lambda y: int(y[0]), cur.fetchall())
        random.shuffle(years)
        while len(years) < self.nens:
            years += years
        for e in range(self.nens):
            model = self.models[e]
            model.startyear = years[e]
            t = date(model.startyear, model.startmonth,
                     model.startday) + timedelta(ndays)
            model.endyear, model.endmonth, model.endday = t.year, t.month, t.day
            prec, tmax, tmin, wind = model.getForcings(options['vic'])
            model.writeForcings(prec, tmax, tmin, wind)
        cur.close()
        db.close()

[docs]    def run(self, vicexe):
        """Run ensemble of VIC models using multi-threading."""
        procs = [Process(target=self.models[e].run, args=(vicexe,))
                 for e in range(self.nens)]
        for p in procs:
            p.start()
        for p in procs:
            p.join()


    def _initializeDeterm(self, basin, forcings, vicexe):
        """Initialize ensemble of VIC models deterministically."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        dt = "{0}-{1}-{2}".format(self.startyear,
                                  self.startmonth, self.startday)
        cur.execute(
            "select * from information_schema.tables where table_schema='{0}' and table_name='state'".format(self.name))
        if bool(cur.rowcount):
            sql = "select filename, fdate from {0}.state order by abs(date '{1}' - fdate)".format(
                self.name, dt)
            cur.execute(sql)
            if bool(cur.rowcount):
                statefile, t = cur.fetchone()
            else:
                statefile = ""
        else:
            statefile = ""
        if statefile == "":
            t = date(self.startyear - 1, self.startmonth, self.startday)
        # checks if statefile corresponds to requested forecast start date
        if (t - date(self.startyear, self.startmonth, self.startday)).days < 0:
            if (t - date(self.startyear - 1, self.startmonth, self.startday)).days < 0:
                # if statefile is older than a year, start the model
                # uninitialized for 1 year
                t = date(self.startyear - 1, self.startmonth, self.startday)
            modelpath = tempfile.mkdtemp(dir=".")
            model = vic.VIC(modelpath, self.dbname, self.res, t.year, t.month,
                            t.day, self.startyear, self.startmonth, self.startday, self.name)
            model.writeParamFile(save_state=modelpath,
                                 init_state=bool(statefile))
            model.writeSoilFile(basin)
            prec, tmax, tmin, wind = model.getForcings(forcings)
            model.writeForcings(prec, tmax, tmin, wind)
            model.run(vicexe)
            statefile = model.model_path + \
                "/vic.state_{0:04d}{1:02d}{2:02d}".format(
                    self.startyear, self.startmonth, self.startday)
            for emodel in self.models:
                shutil.copy(statefile, emodel.model_path)
            shutil.rmtree(model.model_path)
        statefiles = [statefile] * self.nens
        self.setStateFiles(statefiles)
        cur.close()
        db.close()
        return statefiles

    def _initializeRandom(self, basin, forcings, vicexe, initdays=90, saveindb=False, saveto="db", saveargs=[], overwrite=True, skipsave=0):
        """Initialize ensemble of VIC models by sampling the meterological forcings
        and running them *initmonths* prior to simulation start date."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "select distinct (date_part('year', fdate)) as year from precip.{0}".format(
            forcings['precip'])
        cur.execute(sql)
        years = map(lambda y: int(y[0]), cur.fetchall())
        years.remove(max(years))
        cur.close()
        db.close()
        statefiles = []
        t = date(self.startyear, self.startmonth, self.startday) - \
            relativedelta(days=initdays)
        ndays = (date(self.startyear, self.startmonth, self.startday) - t).days
        modelpath = tempfile.mkdtemp()  # (dir=".")
        model = vic.VIC(modelpath, self.dbname, self.res, t.year, t.month,
                        t.day, self.startyear, self.startmonth, self.startday, self.name)
        years = np.random.choice(years, self.nens)
        pmodels = []
        for e in range(self.nens):
            modelpath = tempfile.mkdtemp()  # (dir=".")
            model = vic.VIC(modelpath, self.dbname, self.res, t.year, t.month,
                            t.day, self.startyear, self.startmonth, self.startday, self.name)
            model.writeParamFile(save_state=modelpath, init_state=False)
            model.writeSoilFile(basin)
            model.startyear = years[e]
            model.endyear = years[e] + (model.endyear - t.year)
            ddays = (date(model.endyear, model.endmonth, model.endday) -
                     date(model.startyear, model.startmonth, model.startday)).days - ndays
            t1 = date(model.endyear, model.endmonth, model.endday) - \
                relativedelta(days=ddays)
            model.endyear, model.endmonth, model.endday = t1.year, t1.month, t1.day
            prec, tmax, tmin, wind = model.getForcings(forcings)
            model.writeForcings(prec, tmax, tmin, wind)
            model.startyear, model.startmonth, model.startday = t.year, t.month, t.day
            model.endyear, model.endmonth, model.endday = self.startyear, self.startmonth, self.startday
            pmodels.append(model)
        procs = [Process(target=pmodels[e].run, args=(vicexe,))
                 for e in range(self.nens)]
        for p in procs:
            p.start()
        for p in procs:
            p.join()
        if saveindb:
            if skipsave < 0:
                skipdays = (date(self.startyear, self.startmonth,
                                 self.startday) - t).days + 1 + skipsave
            else:
                skipdays = skipsave
            init = overwrite
            for e in range(len(pmodels)):
                model = pmodels[e]
                if getattr(model.writeToDB, 'func_name') is not 'write_wrapper':
                    model.writeToDB = self._ensembleTable(
                        model.writeToDB, e + 1)
                if e > 0:
                    init = False
                model.save(saveto, saveargs, init, skipsave=skipdays)
        for e in range(self.nens):
            statefile = pmodels[e].model_path + "/vic.state_{0:04d}{1:02d}{2:02d}".format(
                self.startyear, self.startmonth, self.startday)
            statefiles.append(statefile)
        return statefiles

    def _initializePerturb(self, basin, forcings, vicexe, initdays=90, saveindb=False, saveto="db", saveargs=[], overwrite=True, skipsave=0):
        """Initialize ensemble of VIC models by perturbing the meterological forcings
        and running them *initmonths* prior to simulation start date."""
        statefiles = []
        t = date(self.startyear, self.startmonth, self.startday) - \
            relativedelta(days=initdays)
        modelpath = tempfile.mkdtemp()
        model = vic.VIC(modelpath, self.dbname, self.res, t.year, t.month,
                        t.day, self.startyear, self.startmonth, self.startday, self.name)
        prec, tmax, tmin, wind = model.getForcings(forcings)
        eprec, etmax, etmin, ewind = self.perturb(prec, tmax, tmin, wind)
        pmodels = []
        for e in range(self.nens):
            modelpath = tempfile.mkdtemp()
            model = vic.VIC(modelpath, self.dbname, self.res, t.year, t.month,
                            t.day, self.startyear, self.startmonth, self.startday, self.name)
            model.writeParamFile(save_state=modelpath, init_state=False)
            model.writeSoilFile(basin)
            model.writeForcings(eprec[e], etmax[e], etmin[e], ewind[e])
            pmodels.append(model)
        procs = [Process(target=pmodels[e].run, args=(vicexe,))
                 for e in range(self.nens)]
        for p in procs:
            p.start()
        for p in procs:
            p.join()
        if saveindb:
            if skipsave < 0:
                skipdays = (date(self.startyear, self.startmonth,
                                 self.startday) - t).days + 1 + skipsave
            else:
                skipdays = skipsave
            init = overwrite
            for e in range(len(pmodels)):
                model = pmodels[e]
                if getattr(model.writeToDB, 'func_name') is not 'write_wrapper':
                    model.writeToDB = self._ensembleTable(
                        model.writeToDB, e + 1)
                if e > 0:
                    init = False
                model.save(saveto, saveargs, init, skipsave=skipdays)
        for e in range(self.nens):
            statefile = pmodels[e].model_path + "/vic.state_{0:04d}{1:02d}{2:02d}".format(
                self.startyear, self.startmonth, self.startday)
            statefiles.append(statefile)
        return statefiles

[docs]    def initialize(self, options, basin, method, vicexe, saveindb=False, saveto="db", saveargs=[], overwrite=True, skipsave=0, initdays=90):
        """Initialize ensemble of VIC models using one of three methods:
        1) deterministic (default): each ensemble member has an identical state
        2) random: each ensemble member gets a random day from climatology
        3) perturb: perturb precipitation and temperature"""
        log = logging.getLogger(__name__)
        forcings = {'temperature': options['vic'][
            'temperature'], 'wind': options['vic']['wind']}
        if 'lai' in options['vic']:
            forcings['lai'] = options['vic']['lai']
        forcings['precip'] = options['vic']['precip'].split(",")[0]
        self.writeParamFiles()
        # write soil file for each ensemble member and populate
        # latitude/longitude arrays
        self.writeSoilFiles(basin)
        if method.find("determ") == 0:
            statefiles = self._initializeDeterm(basin, forcings, vicexe)
        elif method.find("states") == 0:
            db = dbio.connect(self.dbname)
            cur = db.cursor()
            cur.execute(
                "select * from information_schema.tables where table_name='state' and table_schema=%s", (self.name,))
            if bool(cur.rowcount):
                cur.execute("select filename from {0}.state where date_part('month', fdate) = {1}".format(
                    self.name, self.startmonth))
                statefiles = map(lambda q: q[0], cur.fetchall())
                statefiles = list(np.random.choice(statefiles, self.nens))
            else:
                log.warning("No statefiles found in the database. Not initializing ensemble!")
                statefiles = []
            cur.close()
            db.close()
        elif method.find("random") == 0:
            statefiles = self._initializeRandom(
                basin, forcings, vicexe, initdays=initdays, saveindb=saveindb, saveto=saveto, saveargs=saveargs, skipsave=skipsave, overwrite=overwrite)
        elif method.find("perturb") == 0:
            statefiles = self._initializePerturb(
                basin, forcings, vicexe, initdays=initdays, saveindb=saveindb, saveto=saveto, saveargs=saveargs, skipsave=skipsave, overwrite=overwrite)
        else:
            log.error("No appropriate method to initialize the ensemble found!")
            sys.exit()
        self.setStateFiles(statefiles)


[docs]    def save(self, saveto, args, initialize=True):
        """Reads and saves selected output data variables from the ensemble into the database
        or a user-defined directory."""
        def ensembleTable(write, e):
            def write_wrapper(data, dates, tablename, initialize, skipsave):
                return write(data, dates, tablename, initialize, e)
            return write_wrapper
        for e in range(self.nens):
            model = self.models[e]
            if getattr(model.writeToDB, 'func_name') is not 'write_wrapper':
                # decorate function to add ensemble information
                model.writeToDB = ensembleTable(model.writeToDB, e + 1)
            if saveto == "db":
                if e > 0:
                    initialize = False
                model.save(saveto, args, initialize)
            else:
                if e < 1:
                    if os.path.isdir(saveto):
                        shutil.rmtree(saveto)
                    elif os.path.isfile(saveto):
                        os.remove(saveto)
                    os.makedirs(saveto)
                model.save(saveto + "/{0}".format(e + 1), args, False)
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  Source code for tests.database

""" RHEAS database functionality for testing suite.

   :synopsis: Database functions for the RHEAS testing suite

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import subprocess
import rpath
import dssat
import dbio


[docs]def cultivars(dbname):
    """Set cultivar parameters for DSSAT unit tests."""
    params = [{'p1': 70, 'p2': 0.3, 'p5': 680, 'g2': 590, 'g3': 8.5, 'phint': 50},
              {'p1': 115, 'p2': 0.5, 'p5': 660, 'g2': 450, 'g3': 10.5, 'phint': 65},
              {'p1': 285, 'p2': 0.5, 'p5': 730, 'g2': 620, 'g3': 8.19, 'phint': 38},
              {'p1': 172, 'p2': 0.5, 'p5': 999, 'g2': 398, 'g3': 6.27, 'phint': 75}]
    shapefile = "{0}/tests/basin.shp".format(rpath.data)
    dssat.addCultivar(dbname, shapefile, params)



[docs]def createDatabase(dbname):
    """Create temporary database for unit testing."""
    subprocess.call(["{0}/createdb".format(rpath.bins), dbname])
    db = dbio.connect(dbname)
    cur = db.cursor()
    cur.execute("create extension postgis; create extension postgis_topology;")
    cur.execute("create schema vic; create schema dssat; create schema crops;")
    db.commit()
    cur.execute("create table vic.input (resolution double precision,snowbandfile text,vegparam text,veglib text,soilfile text,rootzones integer,basefile text)")
    db.commit()
    cur.execute("insert into vic.input values (0.25, 'vic/global_snowbands_0.25deg.txt', 'vic/global_lai_0.25deg.txt', 'vic/vic_veglib.txt', 'vic/global_soil_0.25deg.txt', 2, 'vic/dssat.inp.base')")
    cur.execute("create schema precip; create schema tmax; create schema tmin; create schema wind; create schema lai")
    cur.execute("create table dssat.cultivars (gid serial primary key, ensemble int, geom geometry, p1 numeric, p2 numeric, p5 numeric, g2 numeric, g3 numeric, phint numeric)")
    db.commit()
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/vic_soils.sql".format(rpath.data)])
    cur.close()
    db.close()



[docs]def dropDatabase(dbname):
    """Delete temporary database created for unit testing."""
    subprocess.call(["{0}/dropdb".format(rpath.bins), dbname])



[docs]def ingestTables(dbname):
    """Ingest datasets needed for the unit tests."""
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/precip_chirps.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/precip_trmm.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/tmax_ncep.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/tmin_ncep.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/wind_ncep.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/precip_chirps_4.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/precip_trmm_4.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/tmax_ncep_4.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/tmin_ncep_4.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/wind_ncep_4.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/cropland.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/plantstart.sql".format(rpath.data)])
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/dssat_soils.sql".format(rpath.data)])
    db = dbio.connect(dbname)
    cur = db.cursor()
    sql = """create or replace function resampled(_s text, _t text, out result double precision) as
    $func$
    begin
    execute format('select st_scalex(rast) from %s.%s limit 1',quote_ident(_s),quote_ident(_t)) into result;
    end
    $func$ language plpgsql;"""
    cur.execute(sql)
    cur.execute("create or replace view raster_resampled as (select r_table_schema as sname,r_table_name as tname,resampled(r_table_schema,r_table_name) as resolution from raster_columns)")
    cur.execute("create schema soilmoist")
    db.commit()
    subprocess.call(["{0}/psql".format(rpath.bins), "-d", dbname, "-f", "{0}/tests/soilmoist_smos.sql".format(rpath.data)])
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  Source code for dssat

""" Class definition for the DSSAT model interface

.. module:: dssat
   :synopsis: Definition of the DSSAT model class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import distutils.core
import sys
import os
import subprocess
import tempfile
import string
import decimal
import shutil
import numpy as np
from datetime import date, timedelta
import multiprocessing
from collections import OrderedDict
import rpath
import random
import dbio
import logging


[docs]def addCultivar(dbname, shapefile, params, nens=40, crop="maize"):
    """Add cultivar parameters to the database *dbname* corresponding
    to the area defined in the *shapefile*. The *params* is a list of dictionaries,
    where the keys of each dictionary correspond to parameters, and each object in
    the list corresponds to a cultivar variant. The *nens* parameters is the size
    of the ensemble to be created."""
    temptable = ''.join(random.SystemRandom().choice(
        string.ascii_letters) for _ in range(8))
    if os.path.exists(shapefile):
        subprocess.call("{0}/shp2pgsql -d -s 4326 -g geom {1} {2} | {0}/psql -d {3}".format(
            rpath.bins, shapefile, temptable, dbname), shell=True)
        db = dbio.connect(dbname)
        cur = db.cursor()
        e = 0
        while e < nens:
            for c in range(len(params)):
                if crop == "maize" and all(p in params[c] for p in ['p1', 'p2', 'p5', 'g2', 'g3', 'phint']):
                    if e < nens:
                        sql = "insert into dssat.cultivars (geom) (select geom from {0})".format(
                            temptable)
                        cur.execute(sql)
                        sql = "update dssat.cultivars set ensemble={0},{1} where ensemble is null".format(
                            e + 1, ",".join(["{0}={1}".format(k, params[c][k]) for k in params[c]]))
                        cur.execute(sql)
                        e += 1
                else:
                    print("Missing parameters for {0} crop".format(crop))
                    params.pop(c)  # remove element with missing parameters
                    break
        cur.execute("drop table {0}".format(temptable))
        db.commit()
        cur.close()
        db.close()
    else:
        print(
            "Shapefile {0} cannot be found. Not adding cultivars!".format(shapefile))



def _run1(modelpath, exe, assimilate):
    """Runs DSSAT simulation for individual pixel."""
    log = logging.getLogger(__name__)
    os.chdir(modelpath)
    if bool(assimilate):
        if str(assimilate).lower() is "sm":
            sm_assim = "Y"
            lai_assim = "N"
        elif str(assimilate).lower() is "lai":
            sm_assim = "N"
            lai_assim = "Y"
        else:
            sm_assim = lai_assim = "Y"
    else:
        sm_assim = lai_assim = "N"
    proc = subprocess.Popen(["wine", exe, "SOIL_MOISTURE.ASC", "LAI.txt", "SM{0}".format(sm_assim), "LAI{0}".format(lai_assim)])
    out, err = proc.communicate()
    log.debug(out)


[docs]class DSSAT:

    def __init__(self, dbname, name, resolution, startyear, startmonth, startday,
                 endyear, endmonth, endday, nens, vicopts, shapefile=None, assimilate=True):
        log = logging.getLogger(__name__)
        self.path = tempfile.mkdtemp(dir=".")
        self.startyear = startyear
        self.startmonth = startmonth
        self.startday = startday
        self.endyear = endyear
        self.endmonth = endmonth
        self.endday = endday
        self.lat = []
        self.lon = []
        self.elev = []
        self.depths = []
        self.dbname = dbname
        self.name = name
        self.res = resolution
        self.nens = nens
        self.shapefile = shapefile
        self.assimilate = assimilate
        try:
            self.grid_decimal = - \
                (decimal.Decimal(self.res).as_tuple().exponent - 1)
        except:
            self.grid_decimal = - \
                (decimal.Decimal(str(self.res)).as_tuple().exponent - 1)
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        if 'lai' in vicopts or ('save' in vicopts and vicopts['save'].find("lai") >= 0):
            self.lai = "vic"
        else:
            self.lai = None
        if 'save to' in vicopts:
            self.datafrom = vicopts['save to']
        else:
            self.datafrom = "db"
        cur.execute(
            "select * from information_schema.tables where table_name='basin' and table_schema=%s", (name,))
        if not bool(cur.rowcount):
            log.error("No simulation named {0} exists in database. You might have to run VIC.".format(name))
            sys.exit()
        cur.execute(
            'select basefile from vic.input where resolution=%f;' % self.res)
        self.basefile = "{0}/{1}".format(rpath.data, cur.fetchone()[0])
        cur.close()
        db.close()

[docs]    def readVICSoil(self):
        """Extract information from VIC database table on latitude, longitude,
        elevation  and soil depths."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "select st_y(geom), st_x(geom), elev, depths from {0}.basin".format(
            self.name)
        cur.execute(sql)
        pixels = cur.fetchall()
        self.lat, self.lon, self.elev, self.depths = zip(*pixels)
        self.lat = np.array(self.lat)
        self.lon = np.array(self.lon)
        self.elev = np.array(self.elev)
        self.depths = list(self.depths)
        cur.close()
        db.close()


[docs]    def writeWeatherFiles(self, modelpath, name, year, month, day, weather, elev, lat, lon, ts=None, te=None):
        """Writes ensemble weather files for specific pixel."""
        if isinstance(weather, list):
            data = (weather * (int(self.nens / len(weather)) + 1))[:self.nens]
        else:
            data = [weather] * self.nens
        for ens in range(self.nens):
            # filename = self.path+"/WEATH{0:03d}.WTH".format(ens+1)
            filename = "{0}/WEATH{1:03d}.WTH".format(modelpath, ens + 1)
            fout = open(filename, 'w')
            fout.write("*WEATHER DATA : {0}\n".format(name[:5].upper()))
            fout.write("\n")
            fout.write("@ INSI LAT LONG ELEV TAV AMP REFHT WNDHT\n")
            tavg = np.mean(data[ens][:, 1:3])
            fout.write("{0:6s} {1} {2} {3:.0f} {4:.1f} {5:.1f} {6:.1f} {7:.1f} \n".format(
                name[:5].upper(), lat, lon, elev, tavg, -99.0, -99.0, -99.0))
            fout.write("@DATE SRAD TMAX TMIN RAIN DEWP WIND PAR\n")
            if ts is None or te is None:
                ts = 0
                te = len(data[ens])
            for p in range(ts, te):
                datestr = str(int(year[p]))[-2:] + date(int(year[p]),
                                                        int(month[p]), int(day[p])).strftime("%j")
                fout.write("{0}  {1:4.1f}  {2:4.1f}  {3:4.1f}  {4:4.1f}\n".format(
                    datestr, data[ens][p, 0] * 0.086400, data[ens][p, 1], data[ens][p, 2], data[ens][p, 3]))
            fout.close()


    def _readVICOutputFromFile(self, lat, lon, depths, filespath):
        """Read DSSAT inputs from VIC output files for a specific pixel."""
        startdate = date(self.startyear, self.startmonth, self.startday)
        enddate = date(self.endyear, self.endmonth, self.endday)
        filename = "{0}/output/eb_{1:.{3}f}_{2:.{3}f}".format(
            filespath, lat, lon, self.grid_decimal)
        viceb = np.loadtxt(filename)
        filename = "{0}/output/sub_{1:.{3}f}_{2:.{3}f}".format(
            filespath, lat, lon, self.grid_decimal)
        vicsm = np.loadtxt(filename)
        filename = "{0}/output/sur_{1:.{3}f}_{2:.{3}f}".format(
            filespath, lat, lon, self.grid_decimal)
        vicsr = np.loadtxt(filename)
        filename = "{0}/forcings/data_{1:.{3}f}_{2:.{3}f}".format(
            filespath, lat, lon, self.grid_decimal)
        met = np.loadtxt(filename)
        sm = vicsm[:, 3:len(depths) + 3]
        weather = np.vstack(
            (viceb[:, 3] + viceb[:, 4], met[:, 1], met[:, 2], met[:, 0])).T
        year = vicsm[:, 0].astype(int)
        month = vicsm[:, 1].astype(int)
        day = vicsm[:, 2].astype(int)
        tidx = [i for i in range(len(year)) if date(year[i], month[i], day[
            i]) >= startdate and date(year[i], month[i], day[i]) <= enddate]
        lai = dict(zip([date(year[i], month[i], day[i])
                        for i in range(len(year)) if i in tidx], vicsr[:, 12]))
        return year[tidx], month[tidx], day[tidx], weather[tidx, :], sm[tidx, :], lai

    def _readVICOutputFromDB(self, gid, depths):  # lat, lon, depths):
        """Read DSSAT inputs from database."""
        startdate = date(self.startyear, self.startmonth, self.startday)
        enddate = date(self.endyear, self.endmonth, self.endday)
        ndays = (enddate - startdate).days + 1
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        date_sql = "fdate>=date '{0}-{1}-{2}' and fdate<=date '{3}-{4}-{5}'".format(
            self.startyear, self.startmonth, self.startday, self.endyear, self.endmonth, self.endday)
        data = {}
        varnames = ["shortwave", "longwave",
                    "soil_moist", "rainf", "tmax", "tmin"]
        if self.lai is not None:
            varnames.append("lai")
        else:
            lai = None
        for varname in varnames:
            sqlvars = ["fdate"]
            sql = "select column_name from information_schema.columns where table_schema='{0}' and table_name='{1}' and column_name='ensemble'".format(
                self.name, varname)
            cur.execute(sql)
            if bool(cur.rowcount):
                sqlvars += ["ensemble"]
            sql = "select column_name from information_schema.columns where table_schema='{0}' and table_name='{1}' and column_name='layer'".format(
                self.name, varname)
            cur.execute(sql)
            if bool(cur.rowcount):
                sqlvars += ["layer"]
            sql = "select {0}, avg((st_summarystats(rast)).mean) from {1}.{2}, {1}.agareas where st_intersects(rast,geom) and gid={3} and {4} group by gid,{0} order by fdate".format(
                string.join(sqlvars, ","), self.name, varname, gid, date_sql)
            cur.execute(sql)
            if bool(cur.rowcount):
                results = cur.fetchall()
                if "ensemble" in sqlvars:
                    vicnens = np.max([r[1] for r in results])
                    data[varname] = [np.array(
                        [r[-1] for r in results if r[1] == ens + 1]) for ens in range(vicnens)]
                    if "layer" in sqlvars:
                        layers = np.array([r[2] for r in results if r[1] == 1])
                        nlayers = np.max(layers)
                    else:
                        year = np.array([r[0].year for r in results if r[1] == 1])
                        month = np.array([r[0].month for r in results if r[1] == 1])
                        day = np.array([r[0].day for r in results if r[1] == 1])
                else:
                    data[varname] = np.array([r[-1] for r in results])
                    if "layer" in sqlvars:
                        layers = np.array([r[1] for r in results])
                        nlayers = np.max(layers)
                    else:
                        year = np.array([r[0].year for r in results])
                        month = np.array([r[0].month for r in results])
                        day = np.array([r[0].day for r in results])
                assert len(year) == ndays and len(month) == ndays and len(day) == ndays
        cur.close()
        db.close()
        if "ensemble" in sqlvars:
            weather = [np.vstack((data["shortwave"][e] + data["longwave"][e], data["tmax"][
                                 e], data["tmin"][e], data["rainf"][e])).T for e in range(len(data["shortwave"]))]
            sm = [np.zeros((len(year), nlayers))] * len(data["soil_moist"])
            if self.lai is not None:
                lai = dict(zip([date(year[i], month[i], day[i]) for i in range(
                    len(year))], np.mean(np.array(data["lai"]).T, axis=1)))
            for e in range(len(sm)):
                for l in range(nlayers):
                    sm[e][:, l] = [m for mi, m in enumerate(
                        data["soil_moist"][e]) if layers[mi] == l + 1]
        else:
            weather = np.vstack(
                (data["shortwave"] + data["longwave"], data["tmax"], data["tmin"], data["rainf"])).T
            if self.lai is not None:
                lai = dict(zip([date(year[i], month[i], day[i])
                                for i in range(len(year))], np.array(data["lai"]).T))
            sm = np.zeros((len(year), nlayers))
            for l in range(nlayers):
                sm[:, l] = [m for mi, m in enumerate(
                    data["soil_moist"]) if layers[mi] == l + 1]
        # else:
        #     print("Error! VIC simulation does not contain any data. Exiting...")
        #     sys.exit()
        return year, month, day, weather, sm, lai

[docs]    def writeLAI(self, modelpath, gid, viclai=None, tablename="lai.modis"):
        """Writes LAI file for DSSAT."""
        fout = open("{0}/LAI.txt".format(modelpath), 'w')
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("select * from information_schema.tables where table_name=%s and table_schema='lai'",
                    (tablename.split(".")[1],))
        if bool(cur.rowcount) and not self.lai == "vic":
            sql = "select fdate,avg((st_summarystats(st_clip(rast,geom))).mean) from {0},{1}.agareas where st_intersects(rast,geom) and fdate>=date '{2}-{3}-{4}' and fdate<=date '{5}-{6}-{7}' and gid={8} group by fdate".format(
                tablename, self.name, self.startyear, self.startmonth, self.startday, self.endyear, self.endmonth, self.endday, gid)
            cur.execute(sql)
            if bool(cur.rowcount):
                results = cur.fetchall()
                lai = {}
                for r in results:
                    if r[1] is None:
                        lai[r[0]] = -9999.0
                    else:
                        lai[r[0]] = r[1] / 10.0
            else:
                lai = {}
        else:
            lai = viclai
        enddate = date(self.endyear, 12, 31)
        startdate = date(self.startyear, 1, 1)
        for t in range((enddate - startdate).days + 1):
            dt = startdate + timedelta(t)
            if lai is not None and dt in lai:
                fout.write("{0:.1f}\n".format(lai[dt]))
            else:
                fout.write("-9999.0\n")
        fout.close()
        cur.close()
        db.close()


[docs]    def readVICOutput(self, gid, depths):
        """Reads DSSAT time-varying inputs by reading either from files or a database."""
        log = logging.getLogger(__name__)
        if isinstance(self.datafrom, list):
            inputs = []
            while len(inputs) < self.nens:
                inputs += self.datafrom
            inputs = inputs[:self.nens]
            lat, lon = self.gid[gid]
        if self.datafrom == 'db':
            year, month, day, weather, sm, lai = self._readVICOutputFromDB(
                gid, depths)
        else:
            log.error("VIC output was not saved in the database. Cannot proceed with the DSSAT simulation.")
            sys.exit()
        return year, month, day, weather, sm, lai


[docs]    def writeSoilMoist(self, modelpath, year, month, day, smi, dz):
        """Writes soil moisture information file."""
        filename = "{0}/SOIL_MOISTURE.ASC".format(modelpath)
        fout = open(filename, 'w')
        ndays = (date(year[0] + 1, 1, 1) - date(year[0], 1, 1)).days
        tv = 0
        for t in range(ndays):
            dt = date(year[0], 1, 1) + timedelta(t)
            doy = int(dt.strftime("%j"))
            fout.write("{0:.0f} {1:.0f} {2:.0f} ".format(
                dt.year, dt.month, dt.day))
            if tv < len(year) and dt == date(int(year[tv]), int(month[tv]), int(day[tv])):
                for lyr in range(len(dz)):
                    fout.write("{0:.3f} ".format(smi[tv, lyr]))
                tv += 1
            else:
                for lyr in range(len(dz)):
                    fout.write("{0:.0f} ".format(-9999.0))
            fout.write("{0}\n".format(doy))
        fout.close()


    def _sampleSoilProfiles(self, gid):
        """Samples soil profiles from database to be used in DSSAT control file."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "with f as (select st_envelope(geom) as geom from {0}.agareas where gid={1}) select props from dssat.soils as s,f where st_intersects(s.geom,f.geom)".format(self.name, gid)
        cur.execute(sql)
        # if crop area is too small, look for nearest soil profiles
        dist = 0.1
        while not bool(cur.rowcount):
            sql = "with a as (select st_buffer(geom,{2}) as geom from {0}.agareas where gid={1}) select props from dssat.soils as s,a where st_intersects(s.geom,a.geom)".format(
                self.name, gid, dist)
            dist += 0.1
            cur.execute(sql)
        profiles = cur.fetchall()
        ens = np.random.choice(range(len(profiles)), self.nens)
        cur.close()
        db.close()
        return [profiles[e] for e in ens]

[docs]    def writeControlFile(self, modelpath, vsm, depths, startdate, gid, lat, lon, planting, fertildates, irrigdates):
        """Writes DSSAT control file for specific pixel."""
        log = logging.getLogger(__name__)
        if isinstance(vsm, list):
            vsm = (vsm * (int(self.nens / len(vsm)) + 1))[:self.nens]
        else:
            vsm = [vsm] * self.nens
        try:
            fin = open(self.basefile)
            blines = fin.readlines()
        except IOError:
            log.error("Error opening {0}".format(self.basefile))
            sys.exit()
        profiles = self._sampleSoilProfiles(gid)
        profiles = [p[0] for p in profiles]
        for ens in range(self.nens):
            sm = vsm[ens]
            fertilizers = fertildates
            irrigation = irrigdates
            prof = profiles[ens].split("\n")
            dz = map(lambda ln: float(ln.split()[0]), profiles[
                     ens].split("\n")[3:-1])
            smi = self._interpolateSoilMoist(sm, depths, dz)
            filename = "{0}/DSSAT{1}_{2:03d}.INP" .format(
                modelpath, self.nens, ens + 1)
            fout = open(filename, 'w')
            l = 0
            while l < len(blines):
                line = blines[l]
                if line.find("SIMULATION CONTROL") > 0:
                    fout.write(blines[l])
                    l += 1
                    dt = blines[l].split()[3]
                    fout.write(blines[l].replace(dt, "{0:04d}{1:03d}".format(
                        startdate.year, (startdate - date(startdate.year, 1, 1)).days + 1)))
                    l += 1
                elif line.find("FIELDS") > 0:
                    fout.write(blines[l])
                    fout.write(blines[l + 1])
                    blat = blines[l + 2].split()[0]
                    blon = blines[l + 2].split()[1]
                    fout.write(blines[
                               l + 2].replace(blat, "{0:8.5f}".format(lat)).replace(blon, "{0:10.5f}".format(lon)))
                    l += 3
                elif line.find("AUTOMATIC") > 0:
                    fout.write(blines[l])
                    dt1 = blines[l + 1].split()[0]
                    dt2 = blines[l + 1].split()[1]
                    # self.startyear, self.startmonth, self.startday)
                    dt = date(2012, 1, 1)
                    dts = "{0:04d}{1}".format(dt.year, dt.strftime("%j"))
                    fout.write(
                        blines[l + 1].replace(dt1, dts).replace(dt2, dts))
                    fout.write(blines[l + 2])
                    fout.write(blines[l + 3])
                    fout.write(blines[l + 4])
                    dt1 = blines[l + 5].split()[1]
                    fout.write(blines[l + 5].replace(dt1, dts))
                    l += 6
                elif line.find("INITIAL CONDITIONS") > 0:
                    fout.write(blines[l])
                    dt = blines[l + 1].split()[1]
                    fout.write(blines[l + 1].replace(dt, "{0:04d}{1:03d}".format(
                        startdate.year, int(startdate.strftime("%j")))))
                    l += 2
                    for lyr in range(len(dz)):
                        fout.write("{0:8.0f}{1:8.3f}{2:8.1f}{3:8.1f}\n".format(
                            dz[lyr], smi[0, lyr], 0.5, 0.1))
                    while blines[l].find("PLANTING") < 0:
                        l += 1
                elif line.find("WEATHER") == 0:
                    oldfile = line.split()[1]
                    fout.write(blines[l].replace(
                        oldfile, "WEATH{0:03d}.WTH" .format(ens + 1)))
                    l += 1
                elif line.find("PLANTING") >= 0:
                    fout.write(line)
                    toks = blines[l + 1].split()
                    olddate = toks[0]
                    try:
                        assert planting >= date(self.startyear, self.startmonth, self.startday) and planting <= date(
                            self.endyear, self.endmonth, self.endday)
                    except:
                        log.error("Planting date selected outside simulation period.")
                        sys.exit()
                    dts = "{0:04d}{1}".format(
                        planting.year, planting.strftime("%j"))
                    fout.write(blines[l + 1].replace(olddate, dts))
                    l += 2
                elif line.find("OUTPUT") == 0:
                    oldfile = line.split()[1]
                    fout.write(blines[l].replace(
                        oldfile, "OUTPT{0:03d}" .format(ens + 1)))
                    l += 1
                elif line.find("SOIL") > 0:
                    fout.write(blines[l])
                    for ln in range(len(prof) - 1):
                        fout.write(prof[ln] + "\n")
                    fout.write("\n")
                    for z in dz:
                        fout.write(
                            "{0:6.0f}   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0   0.0\n".format(z))
                    while blines[l].find("CULTIVAR") < 0:
                        l += 1
                    l -= 1
                elif line.find("CULTIVAR") > 0:
                    fout.write(line)
                    if len(blines[l + 1].split()) < 5:
                        fout.write(blines[l + 1])
                    else:
                        cultivar = self._cultivar(ens, gid)  # lat, lon)
                        fout.write(cultivar + "\n")
                    l += 2
                elif line.find("IRRIGATION") >= 0:
                    fout.write(line)
                    fout.write(blines[l + 1])
                    toks = blines[l + 2].split()
                    olddate = toks[0]
                    amount = toks[2]
                    if irrigation is None:
                        it = "{0:04d}-{1:02d}-{2:02d}".format(
                            self.startyear, self.startmonth, self.startday)
                        irrigation = {it: 0.0}
                    for i in irrigation.keys():
                        dt = date(*map(int, i.split("-")))
                        try:
                            assert dt >= date(self.startyear, self.startmonth, self.startday) and dt <= date(
                                self.endyear, self.endmonth, self.endday)
                        except:
                            log.error("Irrigation date selected outside simulation period.")
                            sys.exit()
                        dts = "{0:04d}{1}".format(dt.year, dt.strftime("%j"))
                        fout.write(
                            blines[l + 2].replace(olddate, dts).replace(amount, str(irrigation[i])))
                    l += 3
                elif line.find("FERTILIZERS") >= 0:
                    fout.write(line)
                    toks = blines[l + 1].split()
                    olddate = toks[0]
                    amount = toks[3]
                    percent = toks[4]
                    if fertilizers is None:
                        if planting is not None:
                            fertilizers = {(planting + timedelta(10)).strftime("%Y-%m-%d"): [
                                amount, percent], (planting + timedelta(40)).strftime("%Y-%m-%d"): [amount, percent]}
                    for f in fertilizers.keys():
                        dt = date(*map(int, f.split("-")))
                        try:
                            assert dt >= date(self.startyear, self.startmonth, self.startday) and dt <= date(
                                self.endyear, self.endmonth, self.endday)
                        except:
                            log.error("Fertilization date selected outside simulation period.")
                            sys.exit()
                        dts = "{0:04d}{1}".format(dt.year, dt.strftime("%j"))
                        fout.write(blines[l + 1].replace(olddate, dts).replace(
                            amount, str(fertilizers[f][0])).replace(percent, str(fertilizers[f][1])))
                    l += 2
                else:
                    fout.write(line)
                    l += 1
            fout.close()
        return dz, smi


    def _planting(self, lat, lon, crop="maize"):
        """Retrieve planting dates for pixel."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "select st_value(rast,st_geomfromtext('POINT({0} {1})',4326)) as doy from crops.plantstart where type like '{2}' and st_intersects(rast,st_geomfromtext('POINT({0} {1})',4326)) order by doy".format(
            lon, lat, crop)
        cur.execute(sql)
        results = cur.fetchall()
        dt = [date(self.startyear, 1, 1) + timedelta(r[0] - 1)
              for r in results if r[0] is not None]
        cur.close()
        db.close()
        return dt

    def _cultivar(self, ens, gid):  # lat, lon):
        """Retrieve Cultivar parameters for pixel and ensemble member."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "select p1,p2,p5,g2,g3,phint from dssat.cultivars as c,{0}.agareas as a where ensemble={1} and st_intersects(c.geom,a.geom) and a.gid={2}".format(
            self.name, ens + 1, gid)
        cur.execute(sql)
        if not bool(cur.rowcount):
            sql = "select p1,p2,p5,g2,g3,phint from dssat.cultivars as c,{0}.agareas as a where ensemble={1} and a.gid={2} order by st_centroid(c.geom) <-> st_centroid(a.geom)".format(
                self.name, ens + 1, gid)
            cur.execute(sql)
        p1, p2, p5, g2, g3, phint = cur.fetchone()
        cultivar = "990002 MEDIUM SEASON    IB0001  {0:.1f} {1:.3f} {2:.1f} {3:.1f}  {4:.2f} {5:.2f}".format(
            p1, p2, p5, g2, g3, phint)
        cur.close()
        db.close()
        return cultivar

    def _interpolateSoilMoist(self, sm, depths, dz):
        """Estimate soil moisture at DSSAT depths."""
        sm_i = []
        if len(sm.shape) < 2:
            sm = np.reshape(sm, (1, len(sm)))
        for t in range(sm.shape[0]):
            u = sm[t, :] / np.array(depths * 1000.0)
            z = [100.0 * depths[0] / 2.0]
            for lyr in range(1, len(u)):
                # midpoint of each layer in cm
                z.append(100.0 * (depths[lyr - 1] + depths[lyr] / 2.0))
            dz1 = [0.0] + list(dz)
            znew = np.array([dz1[i] + (dz1[i + 1] - dz1[i]) /
                             2.0 for i in range(len(dz1) - 1)])
            unew = np.interp(znew, z, u)
            sm_i.append(unew)
        return np.array(sm_i)

    def _calcCroplandFract(self):
        """Calculate fraction of cropland for specific pixel."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "select gid,avg((st_summarystats(st_clip(rast,geom))).mean) from dssat.cropland,{0}.agareas where st_intersects(rast,geom) group by gid order by gid".format(
            self.name)
        cur.execute(sql)
        fract = dict((r[0], r[1]) for r in cur.fetchall())
        cur.close()
        db.close()
        return fract

[docs]    def writeConfigFile(self, modelpath, nlayers, startdate, enddate):
        """Write DSSAT-ENKF config file."""
        configfilename="ENKF_CONFIG.TXT"
        fout = open("{0}/{1}".format(modelpath, configfilename), 'w')
        fout.write("!Start_DOY_of_Simulation:\n{0}\n".format(
            int(startdate.strftime("%j"))))
        fout.write("!End_DOY_of_Simulation\n{0}\n".format(
            int(enddate.strftime("%j"))))
        fout.write("!Year_of_Simulation:\n{0}\n".format(startdate.year))
        fout.write("!Ensemble_members\n{0}\n".format(self.nens))
        fout.write("!Number_of_soil_layers\n{0}\n".format(nlayers))
        ndays = (date(self.endyear, 12, 31) - date(self.startyear, 1, 1)).days
        fout.write("!Number_of_RS_data\n{0}".format(ndays))
        fout.close()
        return configfilename


    def _yieldTable(self):
        """Create table for crop yield statistics."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute(
            "select * from information_schema.tables where table_name='yield' and table_schema='{0}'".format(self.name))
        if bool(cur.rowcount):
            cur.execute("drop table {0}.yield".format(self.name))
        sql = "create table {0}.yield as (with f as (select id, gid, geom, ensemble, max(gwad) as gwad from {0}.dssat group by id, gid, geom, ensemble) select id, gid, geom, max(gwad) as max_yield, avg(gwad) as avg_yield, stddev(gwad) as std_yield from f group by id, gid, geom)".format(self.name)
        cur.execute(sql)
        db.commit()
        cur.execute("update {0}.yield set std_yield = 0 where std_yield is null".format(self.name))
        cur.execute("alter table {0}.yield add primary key (id)".format(self.name))
        cur.execute("create index yield_s on {0}.yield using gist(geom)".format(self.name))
        cur.close()
        db.close()

[docs]    def save(self, modelpaths, startdt):
        """Saves DSSAT output to database."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute(
            "select * from information_schema.tables where table_name='dssat' and table_schema='{0}'".format(self.name))
        if bool(cur.rowcount):
            cur.execute("drop table {0}.dssat".format(self.name))
        cur.execute("create table {0}.dssat (id serial primary key, gid int, ensemble int, fdate date, wsgd real, lai real, gwad real, geom geometry, CONSTRAINT enforce_dims_geom CHECK (st_ndims(geom) = 2), CONSTRAINT enforce_geotype_geom CHECK (geometrytype(geom) = 'POLYGON'::text OR geometrytype(geom) = 'MULTIPOLYGON'::text OR geom IS NULL))".format(self.name))
        db.commit()
        sql = "insert into {0}.dssat (fdate, gid, ensemble, gwad, wsgd, lai) values (%(dt)s, %(gid)s, %(ens)s, %(gwad)s, %(wsgd)s, %(lai)s)".format(
            self.name)
        for gid, pi in modelpaths:
            modelpath = modelpaths[(gid, pi)]
            for e in range(self.nens):
                with open("{0}/PLANTGRO{1:03d}.OUT".format(modelpath, e + 1)) as fin:
                    line = fin.readline()
                    while line.find("YEAR") < 0:
                        line = fin.readline()
                    for line in fin:
                        data = line.split()
                        dt = date(startdt.year, 1, 1) + \
                            timedelta(int(data[1]) - 1)
                        dts = "{0}-{1}-{2}".format(dt.year, dt.month, dt.day)
                        if float(data[9]) > 0.0:
                            cur.execute(sql, {'dt': dts, 'ens': e + 1, 'gwad': float(
                                data[9]), 'wsgd': float(data[18]), 'lai': float(data[6]), 'gid': gid})
        cur.execute(
            "update {0}.dssat as d set geom = a.geom from {0}.agareas as a where a.gid=d.gid".format(self.name))
        db.commit()
        cur.execute("drop index if exists {0}.d_t".format(self.name))
        cur.execute("drop index if exists {0}.d_s".format(self.name))
        cur.execute(
            "create index d_t on {0}.dssat(fdate)".format(self.name))
        cur.execute(
            "create index d_s on {0}.dssat using gist(geom)".format(self.name))
        db.commit()
        cur.close()
        db.close()
        self._yieldTable()


    def _readShapefile(self):
        """Read areas from shapefile where DSSAT will be run."""
        log = logging.getLogger(__name__)
        try:
            cmd = "{0}/shp2pgsql -s 4326 -d -I -g geom {1} {2}.agareas | {0}/psql -d {3}".format(rpath.bins, self.shapefile, self.name, self.dbname)
            subprocess.call(cmd, shell=True)
            db = dbio.connect(self.dbname)
            cur = db.cursor()
            sql = "select gid, st_x(st_centroid(geom)), st_y(st_centroid(geom)) from {0}.agareas".format(self.name)
            cur.execute(sql)
            geoms = cur.fetchall()
            return geoms
        except:
            log.error("Shapefile {0} for DSSAT simulation does not exist. Exiting...".format(
                self.shapefile))
            sys.exit()

[docs]    def run(self, dssatexe, crop_threshold=0.1):
        """Runs DSSAT simulation."""
        log = logging.getLogger(__name__)
        exe = dssatexe.split("/")[-1]
        startdt = date(self.startyear, self.startmonth, self.startday)
        self.readVICSoil()
        modelpaths = OrderedDict()
        pwd = os.getcwd()
        geoms = self._readShapefile()
        cropfract = self._calcCroplandFract()
        simstartdt = None
        for geom in geoms:
            gid, lon, lat = geom
            c = np.argmin(np.sqrt((lat - self.lat) **
                                  2 + (lon - self.lon) ** 2))
            # use the soil depths from the nearest VIC pixel to the centroid
            depths = np.array(self.depths[c])
            if cropfract[gid] >= crop_threshold:
                year, month, day, weather, sm, vlai = self.readVICOutput(
                    gid, depths)
                vicstartdt = date(year[0], month[0], day[0])
                plantdates = self._planting(lat, lon)
                planting = [p for p in plantdates if p >= startdt and p <= date(
                    self.endyear, self.endmonth, self.endday)]
                if planting is []:
                    planting = [plantdates[
                        np.argmax([(t - startdt).days for t in plantdates if (t - startdt).days < 0])]]
                for pi, pdt in enumerate(planting[:1]):
                    modelpath = os.path.abspath(
                        "{0}/{1}_{2}_{3}".format(self.path, lat, lon, pi))
                    modelpaths[(gid, pi)] = modelpath
                    os.mkdir(modelpath)
                    os.mkdir(modelpath + "/ENKF_Results")
                    shutil.copy(dssatexe, modelpath)
                    distutils.dir_util.copy_tree(
                        "{0}/dssat".format(rpath.data), modelpath)
                    if pdt > date(pdt.year, 1, 8):
                        simstartdt = pdt - timedelta(7)
                    else:
                        simstartdt = pdt
                    dz, smi = self.writeControlFile(modelpath, sm, depths, simstartdt, gid, self.lat[
                                                    c], self.lon[c], pdt, None, None)
                    if simstartdt < vicstartdt:
                        log.error("No input data for DSSAT corresponding to starting date {0}. Need to run VIC for these dates. Exiting...".format(
                            simstartdt.strftime('%Y-%m-%d')))
                        sys.exit()
                    ti0 = [i for i in range(len(year)) if simstartdt == date(
                        year[i], month[i], day[i])][0]
                    if pi + 1 < len(planting):
                        ti1 = [i for i in range(len(year)) if (
                            planting[pi + 1] - timedelta(10)) == date(year[i], month[i], day[i])][0]
                    else:
                        ti1 = [i for i in range(len(year)) if (planting[pi] + timedelta(min(180, len(year) - (planting[pi] - date(
                            self.startyear - 1, 12, 31)).days))) == date(year[i], month[i], day[i])][0]  # len(year) - 1
                    self.writeWeatherFiles(modelpath, self.name, year, month, day, weather, self.elev[
                                           c], self.lat[c], self.lon[c], ti0, ti1)
                    self.writeSoilMoist(modelpath, year, month, day, smi, dz)
                    self.writeLAI(modelpath, gid, viclai=vlai)
                    self.writeConfigFile(modelpath, smi.shape[1], simstartdt, date(
                        year[ti1], month[ti1], day[ti1]))
                    log.info("Wrote DSSAT for planting date {0}".format(
                        pdt.strftime("%Y-%m-%d")))
                    os.chdir(pwd)
        p = multiprocessing.Pool(multiprocessing.cpu_count())
        for modelpath in modelpaths.values():
            p.apply_async(_run1, (modelpath, exe, self.assimilate))
        p.close()
        p.join()
        os.chdir(pwd)
        if simstartdt:
            self.save(modelpaths, simstartdt)
        else:
            log.warning("No crop areas found!")
        shutil.rmtree(self.path)
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assimilation module


RHEAS module for assimilation



		
assimilation.assimilate(options, dt, models, method='letkf')[source]


		Assimilate multiple observations into the VIC model.









		
assimilation.observationDates(obsnames, dbname, startyear, startmonth, startday, endyear, endmonth, endday, update)[source]


		Return dates when observation obsname is available during the
simulation period.
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  Source code for assimilation

""" RHEAS module for assimilation

.. module:: assimilation
   :synopsis: Definition of the assimilation module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import kalman
from datetime import date
import numpy as np
from collections import OrderedDict
from scipy.spatial.distance import cdist
from functools import partial
import re
import dbio
import logging


[docs]def observationDates(obsnames, dbname, startyear, startmonth, startday, endyear, endmonth, endday, update):
    """Return dates when observation *obsname* is available during the
    simulation period."""
    if update is not None and isinstance(update, str):
        if update.find("week") >= 0:
            update = 7
        elif update.find("month") >= 0:
            update = 30
        else:
            update = -1
    else:
        update = 1
    dates = []
    db = dbio.connect(dbname)
    cur = db.cursor()
    for name in obsnames:
        name = name.lower().strip()
        obsmod = __import__("datasets." + name, fromlist=[name])
        obsobj = getattr(obsmod, name.capitalize())
        obs = obsobj()
        sql = "select distinct(fdate) from {0} where fdate>=date '{1}-{2}-{3}' and fdate<=date '{4}-{5}-{6}'".format(
            obs.tablename, startyear, startmonth, startday, endyear, endmonth, endday)
        cur.execute(sql)
        results = cur.fetchall()
        for ri, r in enumerate(results):
            if not r[0] in dates:
                if isinstance(update, date) and r[0] is update:
                    dates.append(r[0])
                elif isinstance(update, int):
                    if (ri > 0 and (r[0] - dates[-1]).days >= update) or ri < 1:
                        dates.append(r[0])
                else:
                    dates.append(r[0])
    dates.sort()
    for dt in [date(startyear, startmonth, startday), date(endyear, endmonth, endday)]:
        if dt in dates:
            # remove first and last day of simulation since it will not impact
            # results saved
            dates.remove(dt)
    cur.close()
    db.close()
    return dates



[docs]def assimilate(options, dt, models, method="letkf"):
    """Assimilate multiple observations into the VIC model."""
    log = logging.getLogger(__name__)
    obsnames = options['vic']['observations'].split(",")
    X = OrderedDict()
    Xlat = OrderedDict()
    Xlon = OrderedDict()
    Xgid = OrderedDict()
    HX = OrderedDict()
    Y = OrderedDict()
    Ylat = OrderedDict()
    Ylon = OrderedDict()
    for name in obsnames:
        name = name.lower().strip()
        # dynamically load observation module and get data
        obsmod = __import__("datasets." + name, fromlist=[name])
        obsobj = getattr(obsmod, name.capitalize())
        # check whether user has set uncertainty parameters for observation
        if 'observations' in options and name in options['observations']:
            try:
                sname = re.split(" |,", options['observations']['name]'])[0].lower()
                params = map(float, re.split(" |,", options['observations']['name]'])[1:])
                smod = __import__("scipy.stats", fromlist=[sname])
                sdist = getattr(smod, sname)
            except:
                log.warning("No distribution {0} available for dataset {1}, falling back to default.".format(sname, name))
            else:
                rvs = partial(sdist.rvs, *params)
                obs = obsobj(rvs)
        else:
            obs = obsobj()
        data, lat, lon = obs.get(dt, models)
        if data is not None:
            if obs.obsvar not in Y:
                Y[obs.obsvar] = data
                Ylat[obs.obsvar] = lat[:, 0]
                Ylon[obs.obsvar] = lon[:, 0]
            data, lat, lon, gid = obs.x(dt, models)
            for s in obs.statevar:
                if s not in X:
                    X[s] = data[s]
                    Xlat[s] = lat[:, 0]
                    Xlon[s] = lon[:, 0]
                    Xgid[s] = gid[:, 0]
            data, _, _ = obs.hx(models, dt)
            if obs.obsvar not in HX:
                HX[obs.obsvar] = data
    if bool(X):
        x = np.vstack((X[k] for k in X))
        hx = np.vstack((HX[k] for k in HX))
        y = np.vstack((Y[k] for k in Y))
        xlat = np.vstack((Xlat[k] for k in Xlat))
        xlon = np.vstack((Xlon[k] for k in Xlon))
        ylat = np.vstack((Ylat[k] for k in Ylat))
        ylon = np.vstack((Ylon[k] for k in Ylon))
        dists = cdist(np.vstack((xlat, xlon)).T, np.vstack((ylat, ylon)).T)
        kfobj = getattr(kalman, method.upper())
        E = obs.E(models.nens)
        kf = kfobj(x, hx, y, E)
        kf.analysis(dists)
        i = 0
        for k in X:
            for j in range(i, X[k].shape[0] + i):
                X[k][j - i, :] = kf.Aa[j, :]
            i += X[k].shape[0]
    return X, Xlat, Xlon, Xgid
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drought module


RHEAS module for generating drought products.



		
drought.calc(varname, model, cid)[source]


		Calculate drought-related variable.









		
drought.calcDrySpells(model, cid, droughtfun=<Mock id='139801271503056'>, duration=14, recovduration=2)[source]


		Calculate maps of number of dry spells during simulation period.









		
drought.calcSMDI(model, cid)[source]


		Calculate Soil Moisture Deficit Index (Narasimhan & Srinivasan, 2005).









		
drought.calcSPI(duration, model, cid)[source]


		Calculate Standardized Precipitation Index for specified month
duration.









		
drought.calcSRI(duration, model, cid)[source]


		Calculate Standardized Runoff Index for specified month
duration.









		
drought.calcSeverity(model, cid, varname='soil_moist')[source]


		Calculate drought severity from climatology table stored in database.
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tests package



Submodules





tests.database module


RHEAS database functionality for testing suite.







		synopsis:		Database functions for the RHEAS testing suite












		
tests.database.createDatabase(dbname)[source]


		Create temporary database for unit testing.









		
tests.database.cultivars(dbname)[source]


		Set cultivar parameters for DSSAT unit tests.









		
tests.database.dropDatabase(dbname)[source]


		Delete temporary database created for unit testing.









		
tests.database.ingestTables(dbname)[source]


		Ingest datasets needed for the unit tests.











tests.testdatasets module


RHEAS dataset testing suite.







		synopsis:		Unit tests for RHEAS dataset download












		
class tests.testdatasets.testDatasets(methodName='runTest')[source]


		Bases: unittest.case.TestCase



		
setUp()[source]


		






		
classmethod setUpClass()[source]


		






		
classmethod tearDownClass()[source]


		






		
testTable()[source]


		














tests.testforecast module


RHEAS forecast testing suite.







		synopsis:		Unit tests for RHEAS forecast module












		
class tests.testforecast.testForecast(methodName='runTest')[source]


		Bases: unittest.case.TestCase



		
setUp()[source]


		Set parameters for forecast unit tests.









		
classmethod setUpClass()[source]


		Create dummy database for testing.









		
tearDown()[source]


		Clean up data generated after each unit test.









		
classmethod tearDownClass()[source]


		Delete testing database.









		
testEspDSSAT()[source]


		Test ESP forecast DSSAT simulation.









		
testEspVIC()[source]


		Test ESP forecast VIC simulation, with random initialization.









		
testEspVICwithAssimilation()[source]


		Test ESP forecast VIC simulation with data assimilation.









		
testEspVICwithPerturb()[source]


		Test ESP forecast VIC simulation, with initialization
from perturbed model simulations.









		
testIriVIC()[source]


		Test forecast VIC simulations using IRI forecast data.

















tests.testnowcast module


RHEAS nowcast testing suite.







		synopsis:		Unit tests for RHEAS nowcast module












		
class tests.testnowcast.testNowcast(methodName='runTest')[source]


		Bases: unittest.case.TestCase



		
setUp()[source]


		Set parameters for nowcast unit tests.









		
classmethod setUpClass()[source]


		Create dummy database for testing.









		
tearDown()[source]


		Clean up data generated after each unit test.









		
classmethod tearDownClass()[source]


		Delete testing database.









		
testAssimilationVIC()[source]


		Test nowcast VIC simulation with data assimilation.









		
testDeterministicDSSAT()[source]


		Test deterministic nowcast DSSAT simulation.









		
testDeterministicVIC()[source]


		Test deterministic nowcast VIC simulation.









		
testEnsembleDSSAT()[source]


		Test ensemble nowcast DSSAT simulation.









		
testEnsembleVIC()[source]


		Test ensemble nowcast VIC simulation.









		
testMultiplePrecipVIC()[source]


		Test VIC simulation with multiple precipitation datasets.









		
testVICWithState()[source]


		Test saving and restarting VIC with state file.

















Module contents


RHEAS testing package definition
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dssat module


Class definition for the DSSAT model interface



		
class dssat.DSSAT(dbname, name, resolution, startyear, startmonth, startday, endyear, endmonth, endday, nens, vicopts, shapefile=None, assimilate=True)[source]


		
		
readVICOutput(gid, depths)[source]


		Reads DSSAT time-varying inputs by reading either from files or a database.









		
readVICSoil()[source]


		Extract information from VIC database table on latitude, longitude,
elevation  and soil depths.









		
run(dssatexe, crop_threshold=0.1)[source]


		Runs DSSAT simulation.









		
save(modelpaths, startdt)[source]


		Saves DSSAT output to database.









		
writeConfigFile(modelpath, nlayers, startdate, enddate)[source]


		Write DSSAT-ENKF config file.









		
writeControlFile(modelpath, vsm, depths, startdate, gid, lat, lon, planting, fertildates, irrigdates)[source]


		Writes DSSAT control file for specific pixel.









		
writeLAI(modelpath, gid, viclai=None, tablename='lai.modis')[source]


		Writes LAI file for DSSAT.









		
writeSoilMoist(modelpath, year, month, day, smi, dz)[source]


		Writes soil moisture information file.









		
writeWeatherFiles(modelpath, name, year, month, day, weather, elev, lat, lon, ts=None, te=None)[source]


		Writes ensemble weather files for specific pixel.















		
dssat.addCultivar(dbname, shapefile, params, nens=40, crop='maize')[source]


		Add cultivar parameters to the database dbname corresponding
to the area defined in the shapefile. The params is a list of dictionaries,
where the keys of each dictionary correspond to parameters, and each object in
the list corresponds to a cultivar variant. The nens parameters is the size
of the ensemble to be created.
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  Source code for nowcast

""" RHEAS module for nowcast simulations.

.. module:: nowcast
   :synopsis: Module that contains functionality for nowcast simulations

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import vic
import config
import ensemble
import dssat
import sys
import tempfile
import shutil
from assimilation import assimilate, observationDates
from datetime import date, timedelta
import rpath
import raster
import dbio
import logging


[docs]def runVIC(dbname, options):
    """Driver function for performing a VIC nowcast simulation"""
    if any(opt in options['vic'] for opt in ['ensemble size', 'observations']) or len(options['vic']['precip'].split(",")) > 1:
        runEnsembleVIC(dbname, options)
    else:
        runDeterministicVIC(dbname, options)



def _saveState(vicoptions):
    """Should VIC state file be saved?"""
    if 'save state' in vicoptions:
        savestate = vicoptions['save state']
        dbsavestate = True
    else:
        savestate = ""
        dbsavestate = False
    return savestate, dbsavestate


def _initialize(vicoptions):
    """Should VIC be initialized from a model state file?"""
    if 'initialize' in vicoptions:
        init = vicoptions['initialize']
    else:
        init = False
    if 'initial state' in vicoptions:
        statefile = vicoptions['initial state']
    else:
        statefile = ""
    return init, statefile


[docs]def runDeterministicVIC(dbname, options):
    """Driver function for performing a deterministic VIC nowcast simulation."""
    res = config.getResolution(options['nowcast'])
    vicexe = "{0}/vicNl".format(rpath.bins)
    basin = config.getBasinFile(options['nowcast'])
    saveto, savevars = config.getVICvariables(options)
    startyear, startmonth, startday = map(
        int, options['nowcast']['startdate'].split('-'))
    endyear, endmonth, endday = map(
        int, options['nowcast']['enddate'].split('-'))
    name = options['nowcast']['name'].lower()
    path = tempfile.mkdtemp(dir=".")
    model = vic.VIC(path, dbname, res, startyear, startmonth,
                    startday, endyear, endmonth, endday, name)
    savestate, dbsavestate = _saveState(options['vic'])
    init, statefile = _initialize(options['vic'])
    model.writeParamFile(save_state=savestate, init_state=init,
                         save_state_to_db=dbsavestate, state_file=statefile)
    model.writeSoilFile(basin)
    prec, tmax, tmin, wind = model.getForcings(options['vic'])
    model.writeForcings(prec, tmax, tmin, wind)
    model.run(vicexe)
    model.save(saveto, savevars)
    shutil.rmtree(path)



[docs]def runEnsembleVIC(dbname, options):
    """Driver function for performing a VIC nowcast simulation."""
    res = config.getResolution(options['nowcast'])
    name = options['nowcast']['name'].lower()
    vicexe = "{0}/vicNl".format(rpath.bins)
    basin = config.getBasinFile(options['nowcast'])
    saveto, savevars = config.getVICvariables(options)
    startyear, startmonth, startday = map(
        int, options['nowcast']['startdate'].split('-'))
    endyear, endmonth, endday = map(
        int, options['nowcast']['enddate'].split('-'))
    precipdatasets = options['vic']['precip'].split(",")
    savestate, _ = _saveState(options['vic'])
    if 'ensemble size' in options['vic']:
        nens = int(options['vic']['ensemble size'])
    elif 'observations' in options['vic']:
        nens = 20
    else:
        nens = len(precipdatasets)
    models = ensemble.Ensemble(nens, dbname, res, startyear,
                               startmonth, startday, endyear, endmonth, endday, name)
    if 'initialize' in options['vic'] and options['vic']['initialize']:
        init_method = options['vic']['initialize']
        if isinstance(init_method, bool):
            init_method = "determ"
        models.initialize(options, basin, init_method, vicexe)
    else:
        models.writeSoilFiles(basin)
    if 'observations' in options['vic']:
        method = "random"
        obsnames = options['vic']['observations'].split(",")
        if 'update' in options['vic']:
            update = options['vic']['update']
        else:
            update = None
        updateDates = observationDates(
            obsnames, dbname, startyear, startmonth, startday, endyear, endmonth, endday, update)
        t0 = date(startyear, startmonth, startday)
        updateDates += [date(endyear, endmonth, endday)]
        for t in updateDates:
            if t0 == date(startyear, startmonth, startday):
                overwrite = True
            else:
                overwrite = False
            ndays = (date(t.year, t.month, t.day) - t0).days
            t1 = t + timedelta(1)
            models.setDates(t.year, t.month, t.day, t1.year, t1.month, t1.day)
            models.initialize(options, basin, method, vicexe, saveindb=True,
                              saveto=saveto, saveargs=savevars, initdays=ndays, overwrite=overwrite)
            data, alat, alon, agid = assimilate(options, date(
                models.startyear, models.startmonth, models.startday), models)
            db = dbio.connect(models.dbname)
            cur = db.cursor()
            sql = "select tablename from pg_tables where schemaname='{0}'".format(
                models.name)
            cur.execute(sql)
            tables = [tbl[0] for tbl in cur.fetchall() if tbl[0] != "dssat"]
            for tbl in tables:
                sql = "delete from {0}.{1} where fdate=date '{2}-{3}-{4}'".format(
                    models.name, tbl, t.year, t.month, t.day)
            cur.close()
            db.close()
            if bool(data):
                models.updateStateFiles(data, alat, alon, agid)
            t0 = date(t.year, t.month, t.day)
    else:
        method = "random"
        t = date(endyear, endmonth, endday)
        t1 = t + timedelta(1)
        models.setDates(t.year, t.month, t.day, t1.year, t1.month, t1.day)
        ndays = (t - date(startyear, startmonth, startday)).days
        models.initialize(options, basin, method, vicexe, saveindb=True,
                          saveto=saveto, saveargs=savevars, initdays=ndays)
    for varname in savevars:
        raster.stddev(models.dbname, "{0}.{1}".format(
            models.name, varname))
    for model in models:
        shutil.rmtree(model.model_path)



[docs]def runDSSAT(dbname, options):
    """Driver function for performing a DSSAT nowcast simulation"""
    startyear, startmonth, startday = map(
        int, options['nowcast']['startdate'].split('-'))
    endyear, endmonth, endday = map(
        int, options['nowcast']['enddate'].split('-'))
    res = float(options['nowcast']['resolution'])
    nens = int(options['dssat']['ensemble size'])
    name = options['nowcast']['name'].lower()
    dssatexe = "{0}/DSSAT_Ex.exe".format(rpath.bins)
    if 'shapefile' in options['dssat']:
        shapefile = options['dssat']['shapefile']
    else:
        shapefile = None
    if 'assimilate' in options['dssat']:
        assimilate = options['dssat']['assimilate']
    else:
        assimilate = "Y"
    model = dssat.DSSAT(dbname, name, res, startyear, startmonth, startday,
                        endyear, endmonth, endday, nens, options['vic'], shapefile, assimilate)
    model.run(dssatexe)



[docs]def execute(dbname, options):
    """Driver routine for a nowcast simulation."""
    log = logging.getLogger(__name__)
    nowcast_options = options['nowcast']
    if 'model' in nowcast_options:
        if 'vic' in nowcast_options['model']:
            if 'vic' in options:
                runVIC(dbname, options)
            else:
                log.error("No configuration options for VIC model.")
                sys.exit()
        if 'dssat' in nowcast_options['model']:
            if 'dssat' in options:
                runDSSAT(dbname, options)
            else:
                log.error("No configuration options for DSSAT model.")
                sys.exit()
    else:
        log.error("No model selected for nowcast.")
        sys.exit()
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kalman module


RHEAS module containing the implementation of Kalman Filters



		
class kalman.ENKF(A, HA, d, E)[source]


		
		
analysis(dists)[source]


		Perform the analysis step of the Ensemble Kalman Filter and return
an updated state matrix.















		
class kalman.LETKF(A, HA, d, E)[source]


		Bases: kalman.ENKF



		
analysis(dists)[source]


		Implements the Local Ensemble Transform Kalman Filter.















		
class kalman.SQRTENKF(A, HA, d, E)[source]


		Bases: kalman.ENKF



		
analysis(dists)[source]


		Perform the analysis step of the Ensemble Kalman Filter and return
an updated state matrix, using the square root algorithm from Evensen (2004).


















          

      

      

    


    
        © Copyright 2015, Kostas Andreadis.
      Created using Sphinx 1.3.5.
    

  

_modules/raster.html


    
      Navigation


      
        		
          index


        		
          modules |


        		RHEAS 0.2 documentation »


          		Module code »

 
      


    


    
      
          
            
  Source code for raster

""" RHEAS module for raster manipulation within the PostGIS database

.. module:: raster
   :synopsis: Manipulate PostGIS rasters

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import dbio
import logging


[docs]class TileReader:
    """Helper class to retrieve raster tile from database."""

    def __init__(self, dbname, rtable, startyear, startmonth, startday, endyear, endmonth, endday):
        self.dbname = dbname
        self.rtable = rtable
        self.startyear = startyear
        self.startmonth = startmonth
        self.startday = startday
        self.endyear = endyear
        self.endmonth = endmonth
        self.endday = endday

    def __call__(self, t):
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        var = self.rtable.split(".")[0]
        sql = "select gid,fdate,st_nearestvalue(rast,x,y) from {0},{1}_xy where rid=tile and tile={8} and fdate>=date'{2}-{3}-{4}' and fdate<=date'{5}-{6}-{7}' order by gid,fdate".format(
            self.rtable, var, self.startyear, self.startmonth, self.startday, self.endyear, self.endmonth, self.endday, t)
        cur.execute(sql)
        data = cur.fetchall()
        return data



def _columnExists(cursor, name, colname):
    """Tests whether a column exists in a table."""
    schemaname, tablename = name.split(".")
    sql = "select column_name from information_schema.columns where table_schema='{0}' and table_name='{1}' and column_name='{2}'".format(
        schemaname, tablename, colname)
    cursor.execute(sql)
    return bool(cursor.rowcount)


[docs]def stddev(dbname, name):
    """Calculate ensemble standard deviation from raster."""
    log = logging.getLogger(__name__)
    schemaname, tablename = name.split(".")
    db = dbio.connect(dbname)
    cur = db.cursor()
    if _columnExists(cur, name, "ensemble"):
        cur.execute("select max(ensemble) from {0}".format(name))
        nens = cur.fetchone()[0]
        ssql = "select fdate,st_mapalgebra(st_addband(null,array_agg(rast)),ARRAY{0},'st_stddev4ma(float[][],text,text[])'::regprocedure) as rast from {1} group by fdate".format(
            str(range(1, nens + 1)), name)
        sql = "select * from information_schema.columns where table_schema='{0}' and table_name='{1}_std'".format(
            schemaname, tablename)
        cur.execute(sql)
        if bool(cur.rowcount):
            cur.execute("drop table {0}_std".format(name))
        sql = "create table {0}.{1}_std as ({2})".format(
            schemaname, tablename, ssql)
        cur.execute(sql)
    else:
        log.warning("Cannot calculate uncertainty maps, no ensemble exists.")
    db.commit()
    cur.close()
    db.close()



[docs]def mean(dbname, name):
    """Calculate ensemble average from raster."""
    log = logging.getLogger(__name__)
    schemaname, tablename = name.split(".")
    db = dbio.connect(dbname)
    cur = db.cursor()
    if _columnExists(cur, name, "ensemble"):
        cur.execute("select max(ensemble) from {0}".format(name))
        nens = cur.fetchone()[0]
        ssql = "select fdate,st_mapalgebra(st_addband(null,array_agg(rast)),ARRAY{0},'st_mean4ma(float[][],text,text[])'::regprocedure) as rast from {1} group by fdate".format(
            str(range(1, nens + 1)), name)
        sql = "select * from information_schema.columns where table_schema='{0}' and table_name='{1}_mean'".format(
            schemaname, tablename)
        cur.execute(sql)
        if bool(cur.rowcount):
            cur.execute("drop table {0}_mean".format(name))
        sql = "create table {0}_mean as ({1})".format(tablename, ssql)
        cur.execute(sql)
    else:
        log.warning("Cannot calculate ensemble average maps, no ensemble exists.")
    db.commit()
    cur.close()
    db.close()
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  Source code for drought

""" RHEAS module for generating drought products.

.. module:: drought
   :synopsis: Module that contains functionality for generating drought products

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import numpy as np
from dateutil.relativedelta import relativedelta
import scipy.stats as stats
from datetime import date, datetime, timedelta
import pandas
import dbio
import logging


def _movingAverage(data, n):
    """Calculate the moving average from a time series."""
    out = np.cumsum(data)
    out[n:] = out[n:] - out[:-n]
    return out[n - 1:] / n


[docs]def calcSRI(duration, model, cid):
    """Calculate Standardized Runoff Index for specified month
    *duration*."""
    log = logging.getLogger(__name__)
    outvars = model.getOutputStruct(model.model_path + "/global.txt")
    startdate = date(model.startyear + model.skipyear, model.startmonth, model.startday)
    enddate = date(model.endyear, model.endmonth, model.endday)
    nt = (enddate - startdate).days + 1
    ndays = ((startdate + relativedelta(months=duration)) - startdate).days + 1
    if duration < 1 or ndays > nt:
        log.warning("Cannot calculate SRI with {0} months duration.".format(duration))
        sri = np.zeros(nt)
    else:
        p = np.loadtxt("{0}/{1}_{2:.{4}f}_{3:.{4}f}".format(model.model_path, outvars['runoff'][0], model.gid[cid][0], model.gid[cid][1], model.grid_decimal))[:, outvars['runoff'][1]]
        p = pandas.Series(p, [datetime(model.startyear, model.startmonth, model.startday) + timedelta(t) for t in range(len(p))])
        pm = p.rolling(duration*30).mean()  # assume each month is 30 days
        g1, g2, g3 = stats.gamma.fit(pm[duration*30:])
        cdf = stats.gamma.cdf(pm, g1, g2, g3)
        sri = stats.norm.ppf(cdf)
        sri[np.isnan(sri)] = 0.0
        sri[np.isinf(sri)] = 0.0
    return sri



[docs]def calcSPI(duration, model, cid):
    """Calculate Standardized Precipitation Index for specified month
    *duration*."""
    log = logging.getLogger(__name__)
    startdate = date(model.startyear + model.skipyear, model.startmonth, model.startday)
    enddate = date(model.endyear, model.endmonth, model.endday)
    nt = (enddate - startdate).days + 1
    ndays = ((startdate + relativedelta(months=duration)) - startdate).days + 1
    # tablename = "precip."+model.precip
    if duration < 1 or ndays > nt:
        log.warning("Cannot calculate SPI with {0} months duration.".format(duration))
        spi = np.zeros(nt)
    else:
        p = np.loadtxt("{0}/forcings/data_{1:.{3}f}_{2:.{3}f}".format(model.model_path,
                                                                      model.gid[cid][0], model.gid[cid][1], model.grid_decimal))[:, 0]
        p = pandas.Series(p, [datetime(model.startyear, model.startmonth, model.startday) + timedelta(t) for t in range(len(p))])
        pm = p.rolling(duration*30).mean()  # assume each month is 30 days
        g1, g2, g3 = stats.gamma.fit(pm[duration*30:])
        cdf = stats.gamma.cdf(pm, g1, g2, g3)
        spi = stats.norm.ppf(cdf)
        spi[np.isnan(spi)] = 0.0
        spi[np.isinf(spi)] = 0.0
    return spi



[docs]def calcSeverity(model, cid, varname="soil_moist"):
    """Calculate drought severity from *climatology* table stored in database."""
    log = logging.getLogger(__name__)
    outvars = model.getOutputStruct(model.model_path + "/global.txt")
    col = outvars[varname][1]
    if varname in ["soil_moist"]:
        p = np.loadtxt("{0}/{1}_{2:.{4}f}_{3:.{4}f}".format(model.model_path, outvars['runoff'][0], model.gid[cid][0], model.gid[cid][1], model.grid_decimal))[:, col:col+model.nlayers]
        p = pandas.Series(np.sum(p, axis=1), [datetime(model.startyear, model.startmonth, model.startday) + timedelta(t) for t in range(len(p))])
    else:
        p = np.loadtxt("{0}/{1}_{2:.{4}f}_{3:.{4}f}".format(model.model_path, outvars['runoff'][0], model.gid[cid][0], model.gid[cid][1], model.grid_decimal))[:, col]
        p = pandas.Series(p, [datetime(model.startyear, model.startmonth, model.startday) + timedelta(t) for t in range(len(p))])
    db = dbio.connect(model.dbname)
    cur = db.cursor()
    if dbio.tableExists(model.dbname, model.name, varname):
        if varname in ["soil_moist"]:
            lvar = ",layer"
        else:
            lvar = ""
        if dbio.columnExists(model.dbname, model.name, varname, "ensemble"):
            fsql = "with f as (select fdate{3},avg(st_value(rast,st_geomfromtext('POINT({0} {1})',4326))) as vals from {2}.{4} where st_intersects(rast,st_geomfromtext('POINT({0} {1})',4326)) group by fdate{3})".format(model.gid[cid][1], model.gid[cid][0], model.name, lvar, varname)
        else:
            fsql = "with f as (select fdate{3},st_value(rast,st_geomfromtext('POINT({0} {1})',4326)) as vals from {2}.{4} where st_intersects(rast,st_geomfromtext('POINT({0} {1})',4326)))".format(model.gid[cid][1], model.gid[cid][0], model.name, lvar, varname)
        sql = "{0} select fdate,sum(vals) from f group by fdate".format(fsql)
        cur.execute(sql)
        if bool(cur.rowcount):
            results = cur.fetchall()
            clim = pandas.Series([r[1] for r in results], [r[0] for r in results])
        else:
            clim = p
    else:
        log.warning("Climatology table does not exist. Severity calculation will be inaccurate!")
        clim = p
    s = 100.0 - np.array(map(lambda v: stats.percentileofscore(clim, v), p))
    return s



[docs]def calcDrySpells(model, cid, droughtfun=np.mean, duration=14, recovduration=2):
    """Calculate maps of number of dry spells during simulation period."""
    # FIXME: Currently only uses precipitation to identify dry spells. Need to change it to also use soil moisture and runoff
    p = np.loadtxt("{0}/forcings/data_{1:.{3}f}_{2:.{3}f}".format(model.model_path, model.gid[cid][0], model.gid[cid][1], model.grid_decimal))[:, 0]
    drought_thresh = droughtfun(p)
    ndroughts = np.zeros(len(p))
    days = 0
    for i in range(recovduration-1, len(p)):
        if p[i] <= drought_thresh:
            days += 1
        elif all(p[i-j] > drought_thresh for j in range(recovduration)):
            days = 0
        else:
            days += 1
        if days == duration:
            ndroughts[i] = 1
    return np.cumsum(ndroughts)



[docs]def calcSMDI(model, cid):
    """Calculate Soil Moisture Deficit Index (Narasimhan & Srinivasan, 2005)."""
    log = logging.getLogger(__name__)
    outvars = model.getOutputStruct(model.model_path + "/global.txt")
    col = outvars['soil_moist'][1]
    p = np.loadtxt("{0}/{1}_{2:.{4}f}_{3:.{4}f}".format(model.model_path, outvars['soil_moist'][0], model.gid[cid][0], model.gid[cid][1], model.grid_decimal))[:, col:col+model.nlayers]
    p = pandas.Series(np.sum(p, axis=1), [datetime(model.startyear, model.startmonth, model.startday) + timedelta(t) for t in range(len(p))])
    db = dbio.connect(model.dbname)
    cur = db.cursor()
    if dbio.tableExists(model.dbname, model.name, "soil_moist"):
        if dbio.columnExists(model.dbname, model.name, "soil_moist", "ensemble"):
            fsql = "with f as (select fdate,layer,avg(st_value(rast,st_geomfromtext('POINT({0} {1})',4326))) as sm from {2}.soil_moist where st_intersects(rast,st_geomfromtext('POINT({0} {1})',4326)) group by fdate,layer)".format(model.gid[cid][1], model.gid[cid][0], model.name)
        else:
            fsql = "with f as (select fdate,layer,st_value(rast,st_geomfromtext('POINT({0} {1})',4326)) as sm from {2}.soil_moist where st_intersects(rast,st_geomfromtext('POINT({0} {1})',4326)))".format(model.gid[cid][1], model.gid[cid][0], model.name)
        sql = "{0} select fdate,sum(sm) from f group by fdate".format(fsql)
        cur.execute(sql)
        if bool(cur.rowcount):
            results = cur.fetchall()
            clim = pandas.Series([r[1] for r in results], [r[0] for r in results])
        else:
            clim = p
    else:
        log.warning("Climatology table does not exist. SMDI calculation will be inaccurate!")
        clim = p
    smdi = np.zeros(len(p))
    MSW = clim.median()
    maxSW = clim.max()
    minSW = clim.min()
    for i in range(7, len(smdi)):
        SW = np.median(p[i-7:i+1])
        if SW == MSW:
            SD = (SW - MSW) / (MSW - minSW) * 100.0
        else:
            SD = (SW - MSW) / (maxSW - MSW) * 100.0
        if i > 7:
            smdi[i] = 0.5 * smdi[i-1] + SD / 50.0
        else:
            smdi[i] = SD / 50.0
    cur.close()
    db.close()
    return smdi



[docs]def calc(varname, model, cid):
    """Calculate drought-related variable."""
    # nt = (date(model.endyear, model.endmonth, model.endday) -
    #       date(model.startyear + model.skipyear, model.startmonth, model.startday)).days + 1
    if varname.find("spi") == 0:
        duration = int(varname[3])
        output = calcSPI(duration, model, cid)
    elif varname.startswith("sri"):
        duration = int(varname[3])
        output = calcSRI(duration, model, cid)
    elif varname == "severity":
        output = calcSeverity(model, cid)
    elif varname == "smdi":
        output = calcSMDI(model, cid)
    elif varname == "dryspells":
        output = calcDrySpells(model, cid)
    return output
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nowcast module


RHEAS module for nowcast simulations.



		
nowcast.execute(dbname, options)[source]


		Driver routine for a nowcast simulation.









		
nowcast.runDSSAT(dbname, options)[source]


		Driver function for performing a DSSAT nowcast simulation









		
nowcast.runDeterministicVIC(dbname, options)[source]


		Driver function for performing a deterministic VIC nowcast simulation.









		
nowcast.runEnsembleVIC(dbname, options)[source]


		Driver function for performing a VIC nowcast simulation.









		
nowcast.runVIC(dbname, options)[source]


		Driver function for performing a VIC nowcast simulation
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  All modules for which code is available


		assimilation


		config


		datasets


		datasets.amsre


		datasets.chirps


		datasets.cmorph


		datasets.decorators


		datasets.gpm


		datasets.grace
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		datasets.merra
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raster module


RHEAS module for raster manipulation within the PostGIS database



		
class raster.TileReader(dbname, rtable, startyear, startmonth, startday, endyear, endmonth, endday)[source]


		Helper class to retrieve raster tile from database.









		
raster.mean(dbname, name)[source]


		Calculate ensemble average from raster.









		
raster.stddev(dbname, name)[source]


		Calculate ensemble standard deviation from raster.
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  Source code for vic.state

""" Module for the VIC model state functions

.. module:: state
   :synopsis: Definition of the VIC state module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""


from collections import OrderedDict
import numpy as np


[docs]def readStateFile(filename):
    """Reads VIC initial state file."""
    state = OrderedDict()
    with open(filename) as fin:
        dateline = fin.readline()
        nlayer, nnodes = map(int, fin.readline().split())
        lines = fin.readlines()
        c = 0
        while c < len(lines):
            cell = lines[c].split()
            cellid, nveg, nbands = map(int, cell[:3])
            # state[cellid] = lines[c:c+(nveg+1)*nbands+nveg+2]
            # c = c + (nveg + 1)*nbands + nveg + 2
            state[cellid] = lines[c:c + (nveg + 1) * nbands + 1]
            c = c + (nveg + 1) * nbands + 1
    return state, nlayer, nnodes, dateline



def _updateSwe(x, xa, cell, nlayer, bare):
    if xa < 0.0:
        xa = 0.0
    if bare:
        k = 5 + 2 * nlayer
    else:
        k = 6 + 2 * nlayer
    data = cell.split()
    if x == 0.0:
        s = xa / 1000.0
    else:
        s = float(data[k]) * xa / x
    if xa == 0.0:
        data[k - 1] = "0.0"
        data[k - 2] = "0"
        data[k + 1] = "0.0"
        data[k + 2] = "0.0"
        data[k + 3] = "0.0"
        data[k + 4] = "0.0"
        data[k + 5] = "0.0"
        data[k + 6] = "0.0"
    if xa > 0.0 and x == 0.0:
        data[k - 1] = "1.0"
        data[k + 5] = "150.0"
        data[k + 6] = str(-2102. * 1000. * s * 273.15)
    data[k] = "{0:.6f}".format(s)
    return " ".join(data)


def _readSwe(cell, nlayer, bare):
    if bare:
        out = float(cell.split()[5 + 2 * nlayer])
    else:
        out = float(cell.split()[6 + 2 * nlayer])
    return out * 1000.0


def _updateScf(x, xa, cell, nlayer, bare):
    pass


def _readScf(cell, nlayer, bare):
    if bare:
        out = float(cell.split()[4 + 2 * nlayer])
    else:
        out = float(cell.split()[5 + 2 * nlayer])
    return out


def _readSoilMoist(cell, nlayer, bare):
    out = 0.0
    for l in range(nlayer):
        out += float(cell.split()[2 + l])
    return out


def _updateSoilMoist(x, xa, cell, nlayer, bare):
    data = cell.split()
    for l in range(nlayer):
        data[2 + l] = "{0:.6f}".format(float(data[2 + l]) * xa / x)
    return " ".join(data)


[docs]def readSnowbands(filename):
    """Read VIC elevation bands file."""
    bands = {}
    elev = {}
    with open(filename) as fin:
        for line in fin:
            data = line.split()
            nbands = (len(data) - 1) / 3
            bands[int(data[0])] = np.array(data[1:nbands + 1], 'float')
            elev[int(data[0])] = np.array(
                data[nbands + 1:2 * nbands + 1], 'float')
    return bands, elev



[docs]def readVegetation(filename):
    """Reads VIC vegetation file."""
    veg = {}
    with open(filename) as fin:
        lines = fin.readlines()
        c = 0
        while c < len(lines):
            data = lines[c].split()
            nveg = int(data[1])
            veg[int(data[0])] = np.array([float(l.split()[1])
                                          for l in lines[c + 1:c + 2 * nveg + 1:2]])
            c = c + 2 * nveg + 1
    return veg



[docs]def readVariable(model, state, alat, alon, veg, bands, nlayer, varname):
    """Reads variable from VIC initial state."""
    readfun = {'swe': _readSwe,
               'soil_moist': _readSoilMoist, 'snow_cover': _readScf}
    out = np.zeros((len(alat), 1))
    for i in range(len(alat)):
        k = model.lgid[(alat[i], alon[i])]
        nveg = len(veg[k])
        nbands = len(bands[k])
        for vi in range(nveg + 1):
            for bi in range(nbands):
                # cell = state[k][2+vi+vi*nbands+bi]
                cell = state[k][1 + vi * nbands + bi]
                if vi < nveg:
                    out[i] += veg[k][vi] * bands[k][bi] * \
                        readfun[varname](cell, nlayer, False)
                else:
                    out[i] += (1.0 - sum(veg[k])) * bands[k][bi] * \
                        readfun[varname](cell, nlayer, True)
    return out



[docs]def updateVariable(model, state, x, xa, alat, alon, agid, veg, bands, nlayer, varname):
    """Updates variable in VIC initial state."""
    updatefun = {'swe': _updateSwe,
                 'soil_moist': _updateSoilMoist, 'snow_cover': _updateScf}
    if len(x.shape) > 1:
        x = x.reshape(len(x))
    for i in range(len(alat)):
        k = model.lgid[(alat[i], alon[i])]
        nveg = len(veg[k])
        nbands = len(bands[k])
        for vi in range(nveg + 1):
            for bi in range(nbands):
                # cell = state[k][2+vi+vi*nbands+bi]
                cell = state[k][1 + vi * nbands + bi]
                if vi < nveg:
                    state[k][
                        1 + vi * nbands + bi] = updatefun[varname](x[i], xa[i], cell, nlayer, False)
                else:
                    state[k][
                        1 + vi * nbands + bi] = updatefun[varname](x[i], xa[i], cell, nlayer, True)
    return state



[docs]def writeStateFile(filename, state, header):
    """Write state file after updating variable."""
    with open(filename, 'w') as fout:
        fout.write("{0}\n".format(header))
        for k in state.keys():
            for line in state[k]:
                fout.write("{0}\n".format(line.strip()))
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  Source code for vic.output

""" Module containing output templates for VIC.

.. module:: vic_output
   :synopsis: Definition of the VIC output module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

ebTemplate = """OUTFILE         eb      12
OUTVAR          OUT_NET_SHORT           %.4f    *       *
OUTVAR          OUT_NET_LONG            %.4f    *       *
OUTVAR          OUT_SHORTWAVE           %.4f    *       *
OUTVAR          OUT_LONGWAVE            %.4f    *       *
OUTVAR          OUT_LATENT              %.4f    *       *
OUTVAR          OUT_SENSIBLE            %.4f    *       *
OUTVAR          OUT_GRND_FLUX           %.4f    *       *
OUTVAR          OUT_MELT_ENERGY         %.4f    *       *
OUTVAR          OUT_RFRZ_ENERGY         %.4f    *       *
OUTVAR          OUT_ADVECTION           %.4f    *       *
OUTVAR          OUT_DELTAH              %.4f    *       *
OUTVAR          OUT_DELTACC             %.4f    *       *
"""

wbTemplate = """OUTFILE         wb      8
OUTVAR          OUT_SNOWF               %.6f    *       *
OUTVAR          OUT_RAINF               %.6f    *       *
OUTVAR          OUT_EVAP                %.6f    *       *
OUTVAR          OUT_RUNOFF              %.6f    *       *
OUTVAR          OUT_BASEFLOW            %.6f    *       *
OUTVAR          OUT_SNOW_MELT           %.6f    *       *
OUTVAR          OUT_REFREEZE            %.4f    *       *
OUTVAR          OUT_PREC                %.6f    *       *
"""

surTemplate = """OUTFILE         sur     10
OUTVAR          OUT_SNOW_SURF_TEMP      %.4f    *       *
OUTVAR          OUT_VEGT                %.4f    *       *
OUTVAR          OUT_BARESOILT           %.4f    *       *
OUTVAR          OUT_SURF_TEMP           %.4f    *       *
OUTVAR          OUT_AIR_TEMP            %.4f    *       *
OUTVAR          OUT_ALBEDO              %.4f    *       *
OUTVAR          OUT_SWE                 %.4f    *       *
OUTVAR          OUT_SNOW_CANOPY         %.4f    *       *
OUTVAR          OUT_SURFSTOR            %.4f    *       *
OUTVAR          OUT_WDEW                %.6f    *       *
"""

subTemplate = """OUTFILE         sub     6
OUTVAR          OUT_ROOTMOIST   %.4f    *       *
OUTVAR          OUT_SOIL_MOIST  %.4f    *       *
OUTVAR          OUT_SOIL_TEMP   %.4f    *       *
OUTVAR          OUT_SMLIQFRAC   %.4f    *       *
OUTVAR          OUT_SMFROZFRAC  %.4f    *       *
OUTVAR          OUT_SOIL_WET    %.4f    *       *
"""

evaTemplate = """OUTFILE         eva     8
OUTVAR          OUT_EVAP_CANOP  %.6f    *       *
OUTVAR          OUT_TRANSP_VEG  %.6f    *       *
OUTVAR          OUT_EVAP_BARE   %.6f    *       *
OUTVAR          OUT_LAKE_EVAP   %.6f    *       *
OUTVAR          OUT_WDEW        %.4f    *       *
OUTVAR          OUT_SUB_SNOW    %.6f    *       *
OUTVAR          OUT_SUB_CANOP   %.6f    *       *
OUTVAR          OUT_AERO_COND   %.4f    *       *
"""

cspTemplate = """OUTFILE         csp     5
OUTVAR          OUT_SNOW_COVER  %.4f    *       *
OUTVAR          OUT_FDEPTH      %.4f    *       *
OUTVAR          OUT_TDEPTH      %.4f    *       *
OUTVAR          OUT_SALBEDO     %.4f    *       *
OUTVAR          OUT_SNOW_DEPTH  %.4f    *       *
"""


[docs]def template(varlist):
    """Returns string of VIC output template."""
    out = "N_OUTFILES\t{0}\n".format(len(varlist))
    out += "\n"
    if "eb" in varlist:
        out += ebTemplate
    if "csp" in varlist:
        out += cspTemplate
    if "wb" in varlist:
        out += wbTemplate
    if "sur" in varlist:
        out += surTemplate
    if "sub" in varlist:
        out += subTemplate
    if "eva" in varlist:
        out += evaTemplate
    return out



[docs]def variableGroup(args):
    """Returns new list of variables by expanding variable that corresponds to group name."""
    groupvars = {'snow': ["swe", "salbedo", "snow_cover", "snow_depth"],
                 'drought': ["severity", "spi1", "spi3", "spi6", "spi12", "sri1", "sri3", "sri6", "sri12", "smdi", "dryspells"],
                 'soil': ["soil_moist", "soil_temp"],
                 'eb': ["net_short", "net_long", "latent", "sensible", "grnd_flux"],
                 'wb': ["rainf", "snowf", "evap", "runoff", "baseflow"]}
    for v in args:
        if v in groupvars:
            args.remove(v)
            for gv in groupvars[v]:
                if gv not in args:
                    args.append(gv)
    return args
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  Source code for kalman

""" RHEAS module containing the implementation of Kalman Filters

.. module:: kalman
   :synopsis: Implementation of Kalman filters

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import numpy as np
from scipy.linalg import sqrtm


[docs]class ENKF:

    def __init__(self, A, HA, d, E):
        """Initialize Ensemble Kalman Filter object using a state matrix *A*,
        a predicted measurement matrix *HA*, an observation vector *d*,
        and an observation error covariance matrix *R*."""
        if HA is not None:
            self.HA = HA
        else:
            self.HA = A
        self.A = np.mat(A)
        self.HA = np.mat(self.HA)
        self.d = np.mat(d)
        self.E = np.mat(E)
        self.ndim, self.nens = A.shape
        self.nobs = len(d)
        self.R = np.mat(
            np.diag(np.diag((1.0 / (self.nens - 1)) * self.E * self.E.T)))

[docs]    def analysis(self, dists):
        """Perform the analysis step of the Ensemble Kalman Filter and return
        an updated state matrix."""
        Dp = self.d + np.mean(self.E, axis=1) - self.HA
        HAp = self.HA - np.mean(self.HA, axis=1)
        HAY = HAp + self.E
        U, S, V = np.linalg.svd(HAY)
        i = np.where(np.cumsum(S) / np.sum(S[:self.nens]) > 0.999)[0]
        U = np.mat(U[:, :self.nens])
        L1 = np.mat(np.diag(1.0 / (S * S)))
        L1[i] = 0.0
        X1 = L1 * U.T
        X2 = X1 * Dp
        X3 = U * X2
        X4 = HAp.T * X3
        Ap = self.A - np.mean(self.A, axis=1)
        self.Aa = self.A + Ap * X4




[docs]class LETKF(ENKF):

[docs]    def analysis(self, dists):
        """Implements the Local Ensemble Transform Kalman Filter."""
        n = 1
        rho = 1.05
        localizer = lambda s: s
        Y = self.HA - np.mean(self.HA, axis=1)
        X = self.A - np.mean(self.A, axis=1)
        xa = np.zeros(self.A.shape)
        segs = [np.arange((i * n), min((i + 1) * n - 1, self.ndim - 1) + 1)
                for i in range(np.divide(self.ndim, n) + 1)]
        segs = [s for s in segs if len(s) > 0]
        for l in range(len(segs)):
            lx = segs[l]
            ly = range(self.nobs)  # localizer(segs[l])
            Xl = X[lx, :]
            Yl = Y[ly, :]
            Rl = np.diag(np.diag(np.array(self.R))[ly])
            C = Yl.T * np.linalg.pinv(Rl)
            P = np.linalg.pinv((self.nens - 1) *
                               np.eye(self.nens) / rho + C * Yl)
            W = np.real(sqrtm((self.nens - 1) * P))
            w = P * C * (np.mat(self.d[ly]) - np.mean(self.HA[ly, :], axis=1))
            W = W + w
            Xla = Xl * W + np.mean(self.A[lx, :], axis=1)
            xa[lx, :] = Xla
        self.Aa = xa




[docs]class SQRTENKF(ENKF):

[docs]    def analysis(self, dists):
        """Perform the analysis step of the Ensemble Kalman Filter and return
        an updated state matrix, using the square root algorithm from Evensen (2004)."""
        S = self.HA - np.mean(self.HA, axis=1)
        U0, S0, V0 = np.linalg.svd(S)
        S0 = 1.0 / S0
        i = np.where(np.cumsum(S0) / np.sum(S0) > 0.999)[0][0]
        S0[i:] = 0.0
        S0 = np.mat(np.diag(S0))
        U0 = np.mat(U0)
        X0 = S0 * U0.T * self.E
        U1, S1, V1 = np.linalg.svd(X0)
        U1 = np.mat(U1)
        X1 = U0 * S0.T * U1
        y0 = X1.T * (self.d - np.mean(self.HA, axis=1))
        S1i = np.mat(np.diag(1.0 / (1.0 + S1 ** 2.0)))
        y2 = S1i * y0
        y3 = X1 * y2
        y4 = S.T * y3
        Ap = self.A - np.mean(self.A, axis=1)
        xa = np.mean(self.A, axis=1) + Ap * y4
        S1q = np.mat(np.diag(np.sqrt(1.0 / (1.0 + S1 * S1))))
        X2 = S1q * X1.T * S
        U2, s2, V2 = np.linalg.svd(X2)
        _, _, Theta = np.linalg.svd(
            np.random.normal(0.0, 1.0, (self.nens, self.nens)))
        S2 = np.mat(np.zeros((self.nobs, self.nens)))
        S2[:self.nobs, :self.nobs] = np.mat(np.diag(s2))
        S2[S2 < 0.0] = 0.0
        I = np.mat(np.eye(self.nens))
        Stheta = np.sqrt(I - S2.T * S2) * Theta
        self.Aa = xa + Ap * V2.T * Stheta
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  Source code for vic.vic

""" Class definition for the VIC model interface

.. module:: vic
   :synopsis: Definition of the VIC model class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from __future__ import division
import output as vicoutput
from osgeo import ogr, gdal, osr
import decimal
import sys
import subprocess
import os
import string
from datetime import date, datetime, timedelta
import multiprocessing as mp
import shutil
import numpy as np
from collections import OrderedDict
import drought
import pandas
import dbio
import rpath
import random
from raster import TileReader
import logging


[docs]class VIC:

    def __init__(self, path, dbname, resolution, startyear, startmonth, startday,
                 endyear, endmonth, endday, name="", savestate="", nlayer=3):
        log = logging.getLogger(__name__)
        self.model_path = path
        self.nodata = -9999.
        if bool(name):
            self.name = name
        else:
            self.name = None
        self.startyear = startyear
        self.startmonth = startmonth
        self.startday = startday
        self.startdate = datetime(startyear, startmonth, startday)
        self.endyear = endyear
        self.endmonth = endmonth
        self.endday = endday
        self.enddate = datetime(endyear, endmonth, endday)
        self.nlayers = nlayer
        self.dbname = dbname
        db = dbio.connect(dbname)
        cur = db.cursor()
        cur.execute(
            "select resolution from vic.input order by abs(resolution - {0})".format(resolution))
        if not bool(cur.rowcount):
            log.error("No appropriate VIC input files found in the database. Exiting!")
            sys.exit()
        self.res = cur.fetchone()[0]
        cur.close()
        try:
            self.grid_decimal = - \
                (decimal.Decimal(self.res).as_tuple().exponent - 1)
        except:
            self.grid_decimal = - \
                (decimal.Decimal(str(self.res)).as_tuple().exponent - 1)
        self.lat = []
        self.lon = []
        self.gid = OrderedDict()
        self.lgid = OrderedDict()
        self.depths = OrderedDict()
        self.skipyear = 0
        self.elev = OrderedDict()
        self.statefile = ""

[docs]    def paramFromDB(self):
        """Retrieve file parameters from database."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        # cur = self.db.cursor()
        cur.execute(
            'select veglib,vegparam,snowbandfile from vic.input where resolution=%f;' % self.res)
        veglib, vegparam, snowbands = cur.fetchone()
        cur.close()
        db.close()
        return veglib, vegparam, snowbands


    def _getSnowbands(self, snowbands):
        """Find number of snow bands from file."""
        filename = "{0}/{1}".format(rpath.data, snowbands)
        with file(filename) as f:
            line = f.readline()
        return int((len(line.split()) - 1) / 3)

[docs]    def writeSoilFile(self, shapefile):
        """Write soil parameter file for current simulation based on basin shapefile."""
        ds = ogr.Open(shapefile)
        lyr = ds.GetLayer()
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute(
            "select * from information_schema.tables where table_name='basin' and table_schema=%s", (self.name,))
        if not bool(cur.rowcount):
            temptable = ''.join(random.SystemRandom().choice(
                string.ascii_letters) for _ in range(8))
            cur.execute(
                "create table {0}(gid serial primary key, geom geometry)".format(temptable))
            for i in range(lyr.GetFeatureCount()):
                f = lyr.GetNextFeature()
                g = f.GetGeometryRef()
                cur.execute("insert into {0}(geom) values(st_geomfromtext('{1}',4326))".format(
                    temptable, g.ExportToWkt()))
            sql = "select updategeometrysrid('{0}','geom',4326)".format(
                temptable)
            db.commit()
            cur.execute(
                "create index {0}_s on {0} using gist(geom)".format(temptable))
            ds = None
            cur.execute(
                "select schema_name from information_schema.schemata where schema_name='{0}'".format(self.name))
            if not bool(cur.rowcount):
                cur.execute("create schema {0}".format(self.name))
            sql = "create table {0}.basin (gid integer, elev real, depths real[], geom geometry(Point, 4326), line text, constraint {0}_gidkey primary key(gid),  CONSTRAINT enforce_dims_geom CHECK (st_ndims(geom) = 2), CONSTRAINT enforce_geotype_geom CHECK (geometrytype(geom) = 'POINT'::text OR geom IS NULL))".format(self.name)
            cur.execute(sql)
            sql = "insert into {0}.basin (gid, elev, depths, geom, line) select v.id,v.elev,v.depths,v.geom,v.line from vic.soils as v,{1} as t where st_intersects(v.geom,t.geom) and resolution={2}".format(
                self.name, temptable, self.res)
            cur.execute(sql)
            cur.execute("drop table {0}".format(temptable))
            db.commit()
            cur.execute(
                "create index basin_s on {0}.basin using gist(geom)".format(self.name))
            db.commit()
        sql = "select line,gid,st_y(geom),st_x(geom),elev,depths from {0}.basin order by gid".format(
            self.name)
        cur.execute(sql)
        lines = cur.fetchall()
        with open(self.model_path + '/soil.txt', 'w') as fout:
            for line in lines:
                gid, lat, lon, elev, depths = line[1:]
                fout.write("{0}\n".format(line[0]))
                self.lat.append(lat)
                self.lon.append(lon)
                self.gid[gid] = (lat, lon)
                self.lgid[(lat, lon)] = gid
                self.depths[gid] = depths
                self.elev[gid] = elev
        cur.execute("alter table {0}.basin drop column line".format(self.name))
        cur.close()
        db.close()


[docs]    def stateFile(self):
        """Retrieve state file path from database."""
        log = logging.getLogger(__name__)
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sql = "select filename from {0}.state where fdate = date '{1}-{2}-{3}'".format(
            self.name, self.startyear, self.startmonth, self.startday)
        try:
            cur.execute(sql)
            result = cur.fetchone()
        except:
            result = False
        if bool(result):
            filename = result[0]
        else:
            log.warning("No state file found for requested date, initializing from default.")
            filename = None
        cur.close()
        db.close()
        return filename


    def _stateToDb(self, statefilepath):
        """Add path to state file into database."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute(
            "select schema_name from information_schema.schemata where schema_name='{0}'".format(self.name))
        if not bool(cur.rowcount):
            cur.execute("create schema {0}".format(self.name))
            db.commit()
        cur.execute(
            "select table_name from information_schema.tables where table_schema='{0}' and table_name='state'".format(self.name))
        if not bool(cur.rowcount):
            sql = "create table {0}.state (filename text, fdate date)".format(
                self.name)
            cur.execute(sql)
            db.commit()
        statefile = "{0}/vic.state_{1:04d}{2:02d}{3:02d}".format(
            statefilepath, self.endyear, self.endmonth, self.endday)
        statedate = "{0}-{1}-{2}".format(self.endyear,
                                         self.endmonth, self.endday)
        cur.execute(
            "select * from {0}.state where fdate=date '{1}'".format(self.name, statedate))
        if bool(cur.rowcount):
            sql = "update {0}.state set filename='{1}' where fdate=date '{2}'".format(
                self.name, statefile, statedate)
        else:
            sql = "insert into {0}.state values ('{1}', date '{2}')".format(
                self.name, statefile, statedate)
        cur.execute(sql)
        db.commit()
        cur.close()
        db.close()

[docs]    def writeParamFile(self, nodes=3, time_step=24, save_state="", init_state=False, state_file="", save_state_to_db=False):
        """Write VIC global parameter file for current simulation."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute(
            'select rootzones from vic.input where resolution=%f;' % self.res)
        root_zones = cur.fetchone()[0]
        cur.close()
        db.close()
        # self.nlayers = nlayer
        fout = open(self.model_path + '/global.txt', 'w')
        fout.write("NLAYER\t{0:d}\n".format(self.nlayers))
        fout.write("NODES\t{0:d}\n".format(nodes))
        if time_step < 24:
            fout.write("TIME_STEP\t{0:d}\nSNOW_STEP\t{1:d}\n".format(
                time_step, time_step))
            fout.write("FULL_ENERGY\tTRUE\nFROZEN_SOIL\tTRUE\n")
        else:
            fout.write("TIME_STEP\t24\nSNOW_STEP\t3\n")
            fout.write("FULL_ENERGY\tFALSE\nFROZEN_SOIL\tFALSE\n")
        fout.write("STARTYEAR\t{0:04d}\n".format(self.startyear))
        fout.write("STARTMONTH\t{0:02d}\n".format(self.startmonth))
        fout.write("STARTDAY\t{0:02d}\n".format(self.startday))
        fout.write("ENDYEAR\t{0:04d}\n".format(self.endyear))
        fout.write("ENDMONTH\t{0:02d}\n".format(self.endmonth))
        fout.write("ENDDAY\t{0:02d}\n".format(self.endday))
        fout.write("IMPLICIT\tFALSE\nTFALLBACK\tTRUE\n")
        fout.write("SNOW_ALBEDO\tUSACE\nSNOW_DENSITY\tDENS_SNTHRM\n")
        fout.write("BLOWING\tFALSE\nCOMPUTE_TREELINE\tFALSE\n")
        fout.write("DIST_PRCP\tFALSE\nPREC_EXPT\t0.6\nCORRPREC\tFALSE\n")
        fout.write("MAX_SNOW_TEMP\t0.5\nMIN_RAIN_TEMP\t-0.5\n")
        fout.write("MIN_WIND_SPEED\t0.1\nAERO_RESIST_CANSNOW\tAR_406_FULL\n")
        if bool(state_file):
            statefile = state_file
        elif init_state:
            statefile = self.stateFile()
        else:
            statefile = None
        if statefile:
            fout.write("INIT_STATE\t{0:s}\n".format(statefile))
        if bool(save_state):
            if isinstance(save_state, str):
                if not os.path.isdir(save_state):
                    os.mkdir(save_state)
                fout.write("STATENAME\t{0}/vic.state\n".format(save_state))
            else:
                fout.write(
                    "STATENAME\t{0}/vic.state\n".format(self.model_path))
            fout.write("STATEYEAR\t{0:04d}\n".format(self.endyear))
            fout.write("STATEMONTH\t{0:02d}\n".format(self.endmonth))
            fout.write("STATEDAY\t{0:02d}\n".format(self.endday))
            self.statefile = "vic.state_{0:04d}{1:02d}{2:02d}".format(
                self.endyear, self.endmonth, self.endday)
            if save_state_to_db:
                self._stateToDb(save_state)
        fout.write("BINARY_STATE_FILE\tFALSE\n")
        fout.write(
            "FORCING1\t{0:s}/data_\n".format(self.model_path + "/forcings"))
        fout.write("FORCE_FORMAT\tASCII\nFORCE_ENDIAN\tLITTLE\nN_TYPES\t4\n")
        fout.write("FORCE_TYPE\tPREC\n")
        fout.write("FORCE_TYPE\tTMAX\n")
        fout.write("FORCE_TYPE\tTMIN\n")
        fout.write("FORCE_TYPE\tWIND\n")
        fout.write("FORCE_DT\t24\n")
        fout.write("FORCEYEAR\t{0:04d}\n".format(self.startyear))
        fout.write("FORCEMONTH\t{0:02d}\n".format(self.startmonth))
        fout.write("FORCEDAY\t{0:02d}\n".format(self.startday))
        fout.write("FORCEHOUR\t0\n")
        fout.write("GRID_DECIMAL\t{0:d}\n".format(self.grid_decimal))
        fout.write("WIND_H\t10.0\nMEASURE_H\t2.0\nALMA_INPUT\tFALSE\n")
        fout.write("SOIL\t{0:s}\n".format(self.model_path + "/soil.txt"))
        veglib, vegparam, snowbands = self.paramFromDB()
        fout.write("VEGLIB\t{0}/{1}\n".format(rpath.data, veglib))
        fout.write("VEGPARAM\t{0}/{1}\n".format(rpath.data, vegparam))
        fout.write("VEGPARAM_LAI\tTRUE\n")
        fout.write("ROOT_ZONES\t{0:d}\n".format(root_zones))
        fout.write("LAI_SRC\tLAI_FROM_VEGPARAM\n")
        nbands = self._getSnowbands(snowbands)
        fout.write(
            "SNOW_BAND\t{0:d}\t{1}/{2}\n".format(nbands, rpath.data, snowbands))
        fout.write("RESULT_DIR\t{0}/output\n".format(self.model_path))
        fout.write("OUT_STEP\t24\n")
        fout.write("BINARY_OUTPUT\tFALSE\n")
        fout.write("MOISTFRACT\tFALSE\n")
        fout.write(
            "COMPRESS\tFALSE\nALMA_OUTPUT\tFALSE\nPTR_HEADER\tFALSE\nPRT_SNOW_BAND\tFALSE\n")
        fout.write(vicoutput.template(["eb", "wb", "sub", "sur", "csp"]))
        fout.close()


[docs]    def createIndexTable(self, dataset):
        """Creates index table from raster row, column, and tile for each grid cell."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        sname, tname = dataset.split(".")
        cur.execute(
            "select * from raster_resampled where sname='{0}' and tname like '{1}_%' and resolution={2}".format(sname, tname, self.res))
        rtable = ".".join(cur.fetchone()[:2])
        cur.execute("select * from information_schema.tables where table_name='{0}_xy' and table_schema='public'".format(sname))
        if bool(cur.rowcount):
            cur.execute("drop table {0}_xy".format(sname))
            db.commit()
        sql = "create table {0}_xy as (select gid,st_worldtorastercoordx(rast,geom) as x,st_worldtorastercoordy(rast,geom) as y,rid as tile from {4},{5}.basin where fdate=date'{1}-{2}-{3}' and st_intersects(rast,geom))".format(
            sname, self.startyear, self.startmonth, self.startday, rtable, self.name)
        cur.execute(sql)
        cur.execute("create index {0}_xy_r on {0}_xy(tile)".format(sname))
        db.commit()
        cur.close()
        db.close()
        return rtable


    def _getTiles(self, itable):
        """Get raster tile IDs for the domain."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("select distinct(tile) from {0}".format(itable))
        tiles = [int(r[0]) for r in cur.fetchall()]
        cur.close()
        db.close()
        return tiles

    def _dropIndexTable(self, sname):
        """Deletes index table."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        cur.execute("drop table {0}_xy".format(sname))
        db.commit()
        cur.close()
        db.close()

    def _getTileData(self, rtable, t):
        """Retrieve data from *rtable* for specific tile *t*."""
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        var = rtable.split(".")[0]
        sql = "select gid,fdate,st_value(rast,x,y) from {0},{1}_xy where rid=tile and tile={8} and fdate>=date'{2}-{3}-{4}' and fdate<=date'{5}-{6}-{7}' order by gid,fdate".format(
            rtable, var, self.startyear, self.startmonth, self.startday, self.endyear, self.endmonth, self.endday, t)
        cur.execute(sql)
        data = cur.fetchall()
        return data

[docs]    def getForcings(self, options):
        """Get meteorological forcings from database."""
        log = logging.getLogger(__name__)
        if not ('precip' in options and 'temperature' in options and 'wind' in options):
            log.error("No data source provided for VIC forcings")
            sys.exit()
        datasets = ["precip." + options["precip"], "tmax." + options["temperature"],
                    "tmin." + options["temperature"], "wind." + options["wind"]]
        if 'lai' in options:
            datasets.append("lai" + options["lai"])
            self.lai = options['lai']
        options['tmax'] = options['temperature']
        options['tmin'] = options['temperature']
        rtables = {}
        for v in ['precip', 'tmax', 'tmin', 'wind']:
            rtables[v] = self.createIndexTable("{0}.{1}".format(v, options[v]))
        tiles = {v: self._getTiles("{0}_xy".format(v))
                 for v in ['precip', 'tmax', 'tmin', 'wind']}
        data = {}
        nprocs = mp.cpu_count()
        p = mp.Pool(nprocs)
        for v in tiles:
            reader = TileReader(self.dbname, rtables[
                                v], self.startyear, self.startmonth, self.startday, self.endyear, self.endmonth, self.endday)
            data[v] = p.map_async(reader, tiles[v])
        data = {v: [i for s in data[v].get() for i in s if i[2] is not None] for v in data}
        p.close()
        p.join()
        for s in data:
            self._dropIndexTable(s)
        self.precip = options['precip']
        self.temp = options['temperature']
        self.wind = options['wind']
        return data['precip'], data['tmax'], data['tmin'], data['wind']


[docs]    def writeForcings(self, prec, tmax, tmin, wind, lai=None):
        """Write VIC meteorological forcing data files."""
        log = logging.getLogger(__name__)
        if not os.path.exists(self.model_path + '/forcings'):
            os.mkdir(self.model_path + '/forcings')
        ndays = (date(self.endyear, self.endmonth, self.endday) -
                 date(self.startyear, self.startmonth, self.startday)).days + 1
        try:
            assert len(prec) == len(self.lat) * ndays and len(tmax) == len(self.lat) * ndays and len(tmin) == len(self.lat) * ndays and len(wind) == len(self.lat) * ndays
        except:
            log.error("Missing meteorological data in database for VIC simulation. Exiting...")
            sys.exit()
        cgid = None
        fout = None
        for i in range(len(prec)):
            gid = prec[i][0]
            if cgid is None or gid != cgid:
                if cgid is not None:
                    fout.close()
                cgid = gid
                filename = "data_{0:.{2}f}_{1:.{2}f}".format(
                    self.gid[gid][0], self.gid[gid][1], self.grid_decimal)
                fout = open(
                    "{0}/forcings/{1}".format(self.model_path, filename), 'w')
                log.info("writing " + filename)
                fout.write("{0:f} {1:.2f} {2:.2f} {3:.1f}\n".format(
                    prec[i][2], tmax[i][2], tmin[i][2], wind[i][2]))
            else:
                fout.write("{0:f} {1:.2f} {2:.2f} {3:.1f}\n".format(
                    prec[i][2], tmax[i][2], tmin[i][2], wind[i][2]))


[docs]    def run(self, vicexec):
        """Run VIC model."""
        log = logging.getLogger(__name__)
        log.info("Running VIC...")
        if not os.path.exists(self.model_path + '/output'):
            os.mkdir(self.model_path + '/output')
        proc = subprocess.Popen([vicexec, "-g", "{0}/global.txt".format(self.model_path)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
        out, err = proc.communicate()
        log.debug(out)

        # subprocess.call("{0} -g {1}/global.txt".format(vicexec, self.model_path), shell=True)

[docs]    def getOutputStruct(self, globalfile):
        """Creates a dictionary with output variable-file pairs."""
        fin = open(globalfile)
        prefix = None
        skipyear = 0
        c = 3  # Assumes daily output
        out = {}
        for line in fin:
            if line.find("OUTFILE") == 0:
                prefix = line.split()[1]
                c = 3
            elif line.find("SKIPYEAR") == 0:
                skipyear = int(line.split()[1])
            else:
                if len(line) > 1 and line[0] != "#" and prefix:
                    varname = line.split()[1].replace("OUT_", "").lower()
                    out[varname] = ("output/" + prefix, c)
                    if varname in ["soil_moist", "soil_temp", "smliqfrac", "smfrozfrac"]:
                        c += self.nlayers
                    else:
                        c += 1
        fin.close()
        out['tmax'] = ("forcings/data", 1)
        out['tmin'] = ("forcings/data", 2)
        out['rainf'] = ("forcings/data", 0)
        self.skipyear = skipyear
        return out


[docs]    def readOutput(self, args):
        """Reads VIC output for selected variables."""
        log = logging.getLogger(__name__)
        droughtvars = ["spi1", "spi3", "spi6", "spi12", "sri1", "sri3", "sri6", "sri12", "severity", "dryspells", "smdi"]
        layervars = ["soil_moist", "soil_temp", "smliqfrac", "smfrozfrac"]
        outvars = self.getOutputStruct(self.model_path + "/global.txt")
        outdata = {}
        if len(self.lat) > 0 and len(self.lon) > 0:
            nrows = int(np.round((max(self.lat) - min(self.lat)) / self.res) + 1)
            ncols = int(np.round((max(self.lon) - min(self.lon)) / self.res) + 1)
            nt = (date(self.endyear, self.endmonth, self.endday) -
                  date(self.startyear + self.skipyear, self.startmonth, self.startday)).days + 1
            args = vicoutput.variableGroup(args)
            if len(args) > 0:
                for var in args:
                    if var in outvars or var in droughtvars:
                        if var in layervars:
                            outdata[var] = np.zeros(
                                (nt, self.nlayers, nrows, ncols)) + self.nodata
                        else:
                            outdata[var] = np.zeros(
                                (nt, 1, nrows, ncols)) + self.nodata
                    else:
                        log.warning("Variable {0} not found in output files. Skipping import.".format(var))
                prefix = set([outvars[v][0]
                              for v in outdata.keys() if v not in droughtvars])
                for c in range(len(self.lat)):
                    pdata = {}
                    for p in prefix:
                        filename = "{0}/{1}_{2:.{4}f}_{3:.{4}f}".format(
                            self.model_path, p, self.lat[c], self.lon[c], self.grid_decimal)
                        # pdata[p] = np.loadtxt(filename)
                        pdata[p] = pandas.read_csv(
                            filename, delim_whitespace=True, header=None).values
                    i = int((max(self.lat) + self.res /
                             2.0 - self.lat[c]) / self.res)
                    j = int((self.lon[c] - min(self.lon) +
                             self.res / 2.0) / self.res)
                    for v in outdata:
                        if v in layervars:
                            for lyr in range(self.nlayers):
                                outdata[v][:, lyr, i, j] = pdata[
                                    outvars[v][0]][:, outvars[v][1] + lyr]
                        elif v in droughtvars:
                            outdata[v][:, 0, i, j] = drought.calc(
                                v, self, int(self.gid.keys()[c]))
                        else:
                            outdata[v][:, 0, i, j] = pdata[
                                outvars[v][0]][:, outvars[v][1]]
                    log.info("Read output for {0}|{1}".format(self.lat[c], self.lon[c]))
                dts = [date(self.startyear + self.skipyear, self.startmonth, self.startday) + timedelta(t) for t in range(nt)]
                year = [t.year for t in dts]
                month = [t.month for t in dts]
                day = [t.day for t in dts]
                outdata["date"] = np.array(
                    [datetime(int(year[t]), int(month[t]), int(day[t])) for t in range(len(year))])
        else:
            log.info("No pixels simulated, not saving any output!")
        return outdata


    def _writeRaster(self, data, filename):
        """Writes GeoTIFF raster temporarily so that it can be imported into the database."""
        nrows, ncols = data.shape
        driver = gdal.GetDriverByName("GTiff")
        ods = driver.Create(filename, ncols, nrows, 1, gdal.GDT_Float32)
        ods.SetGeoTransform([min(self.lon) - self.res / 2.0, self.res,
                             0, max(self.lat) + self.res / 2.0, 0, -self.res])
        srs = osr.SpatialReference()
        srs.SetWellKnownGeogCS("WGS84")
        ods.SetProjection(srs.ExportToWkt())
        ods.GetRasterBand(1).WriteArray(data)
        ods.GetRasterBand(1).SetNoDataValue(self.nodata)
        ods = None

[docs]    def writeToDB(self, data, dates, tablename, initialize, ensemble=False, skipsave=0):
        """Writes output data into database."""
        log = logging.getLogger(__name__)
        db = dbio.connect(self.dbname)
        cur = db.cursor()
        if dbio.tableExists(self.dbname, self.name, tablename) and ensemble and not dbio.columnExists(self.dbname, self.name, tablename, "ensemble"):
            log.warning("Table {0} exists but does not contain ensemble information. Overwriting entire table!")
            cur.execute("drop table {0}.{1}".format(self.name, tablename))
            db.commit()
        if dbio.tableExists(self.dbname, self.name, tablename):
            if initialize:
                for dt in [self.startdate + timedelta(t) for t in range((self.enddate - self.startdate).days+1)]:
                    dbio.deleteRasters(self.dbname, "{0}.{1}".format(self.name, tablename), dt)
        else:
            sql = "create table {0}.{1} (id serial not null primary key, rid int not null, fdate date not null, rast raster)".format(
                self.name, tablename)
            cur.execute(sql)
            if data.shape[1] > 1:
                cur.execute("alter table {0}.{1} add column layer int".format(self.name, tablename))
            if ensemble:
                cur.execute("alter table {0}.{1} add column ensemble int".format(self.name, tablename))
            db.commit()
        startyear, startmonth, startday = self.startyear, self.startmonth, self.startday
        if skipsave > 0:
            ts = date(self.startyear, self.startmonth,
                      self.startday) + timedelta(skipsave)
            data = data[skipsave:]
            startyear, startmonth, startday = ts.year, ts.month, ts.day
        tiffiles = []
        for t in range(data.shape[0]):
            dt = date(startyear, startmonth, startday) + timedelta(t)
            for lyr in range(data.shape[1]):
                filename = "{0}/{1}_{2}{3:02d}{4:02d}_{5:02d}.tif".format(
                    self.model_path, tablename, dt.year, dt.month, dt.day, lyr + 1)
                self._writeRaster(data[t, lyr, :, :], filename)
                tiffiles.append(filename)
        cmd = " ".join(["{0}/raster2pgsql".format(rpath.bins), "-s", "4326", "-F", "-d", "-t", "auto"] + tiffiles + ["temp", "|", "{0}/psql".format(rpath.bins), "-d", self.dbname])
        proc = subprocess.Popen(cmd, shell=True, stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
        sout, err = proc.communicate()
        log.debug(sout)
        cur.execute("alter table temp add column fdate date")
        cur.execute("update temp set fdate = date (concat_ws('-',substring(filename from {0} for 4),substring(filename from {1} for 2),substring(filename from {2} for 2)))".format(
            len(tablename) + 2, len(tablename) + 6, len(tablename) + 8))
        if data.shape[1] > 1:
            cur.execute("alter table temp add column layer int")
            cur.execute("update temp set layer=(substring(filename from {0} for 2))::int".format(
                len(tablename) + 11))
        cur.execute("select count(*) from temp")
        n = int(cur.fetchone()[0])
        ntiles = n / data.shape[0]
        if data.shape[1] > 1:
            cur.execute(
                "insert into {0}.{1} (rid,fdate,layer,rast) select ((rid+{2}) % {2})+1,fdate,layer,rast from temp".format(self.name, tablename, ntiles))
        else:
            cur.execute(
                "insert into {0}.{1} (rid,fdate,rast) select ((rid+{2}) % {2})+1,fdate,rast from temp".format(self.name, tablename, ntiles))
        if bool(ensemble):
            sql = "update {0}.{1} set ensemble = {2} where ensemble is null".format(
                self.name, tablename, int(ensemble))
            cur.execute(sql)
        cur.execute("drop index if exists {0}.{1}_dtidx".format(
            self.name, tablename))
        cur.execute("create index {1}_dtidx on {0}.{1}(fdate)".format(
            self.name, tablename))
        cur.execute("drop index if exists {0}.{1}_spidx".format(
            self.name, tablename))
        cur.execute("create index {1}_spidx on {0}.{1} using gist(st_convexhull(rast))".format(
            self.name, tablename))
        db.commit()
        cur.close()
        db.close()


[docs]    def save(self, saveto, args, initialize=True, skipsave=0):
        """Reads and saves selected output data variables into the database or a user-defined directory."""
        if saveto == "db":
            output = self.readOutput(args)
            for var in output:
                if var != "date":
                    self.writeToDB(output[var], output[
                                   "date"], "{0}".format(var), initialize, skipsave=skipsave)
        else:
            if initialize:
                if os.path.isdir(saveto):
                    shutil.rmtree(saveto)
            #     elif os.path.isfile(saveto):
            #         os.remove(saveto)
            # os.makedirs(saveto)
            # shutil.move(self.model_path+"/output", saveto)
            # shutil.move(self.model_path+"/forcings", saveto)
            shutil.copytree(self.model_path, saveto,
                            ignore=shutil.ignore_patterns("*.txt"))
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Class definition for the ensemble interface



		
class ensemble.Ensemble(nens, dbname, resolution, startyear, startmonth, startday, endyear, endmonth, endday, name='')[source]


		
		
initialize(options, basin, method, vicexe, saveindb=False, saveto='db', saveargs=[], overwrite=True, skipsave=0, initdays=90)[source]


		Initialize ensemble of VIC models using one of three methods:
1) deterministic (default): each ensemble member has an identical state
2) random: each ensemble member gets a random day from climatology
3) perturb: perturb precipitation and temperature









		
perturb(prec, tmax, tmin, wind, nens=None, perr=0.25, terr=2.0)[source]


		Perturb meteorological forcings.









		
readStateFiles()[source]


		Read initial state files for each ensemble member.









		
run(vicexe)[source]


		Run ensemble of VIC models using multi-threading.









		
save(saveto, args, initialize=True)[source]


		Reads and saves selected output data variables from the ensemble into the database
or a user-defined directory.









		
setDates(startyear, startmonth, startday, endyear, endmonth, endday)[source]


		Set simulation dates for entire ensemble.









		
setStateFiles(statefiles)[source]


		Set initial state files for each ensemble member.









		
updateStateFiles(data, alat, alon, agid)[source]


		Update initial state files with data.









		
writeForcings(method, options)[source]


		Write forcings for the ensemble based on method (ESP, BCSD).









		
writeParamFiles(savestate='')[source]


		Write model parameter file for each ensemble member.









		
writeSoilFiles(shapefile)[source]


		Write soil parameter files based on domain shapefile.
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  Source code for datasets.prism

""" RHEAS module for retrieving PRISM meteorological data.

.. module:: prism
   :synopsis: Retrieve PRISM meteorological data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""


from ftplib import FTP
import datasets
from datetime import datetime
import tempfile
import subprocess
import zipfile
import dbio
import logging


table = {"ppt": "precip.prism", "tmax": "tmax.prism", "tmin": "tmin.prism"}


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table['ppt'])
    return dts



def _downloadVariable(varname, dbname, dts, bbox):
    """Downloads the PRISM data products for a specific variable and a set of
    dates *dt*. *varname* can be ppt, tmax or tmin."""
    log = logging.getLogger(__name__)
    url = "prism.oregonstate.edu"
    ftp = FTP(url)
    ftp.login()
    ftp.cwd("daily/{0}".format(varname))
    outpath = tempfile.mkdtemp()
    years = list(set([t.year for t in dts]))
    for yr in years:
        ftp.cwd("{0}".format(yr))
        filenames = [f for f in ftp.nlst() if datetime.strptime(f.split("_")[-2], "%Y%m%d") >= dts[0] and datetime.strptime(f.split("_")[-2], "%Y%m%d") <= dts[-1]]
        for fname in filenames:
            dt = datetime.strptime(fname.split("_")[-2], "%Y%m%d")
            with open("{0}/{1}".format(outpath, fname), 'wb') as f:
                ftp.retrbinary("RETR {0}".format(fname), f.write)
            if fname.endswith("zip"):
                fz = zipfile.ZipFile("{0}/{1}".format(outpath, fname))
                lfilename = filter(lambda s: s.endswith("bil"), fz.namelist())[0]
                fz.extractall(outpath)
            else:
                lfilename = fname
            tfilename = lfilename.replace(".bil", ".tif")
            if bbox is not None:
                proc = subprocess.Popen(["gdal_translate", "-projwin", "{0}".format(bbox[0]), "{0}".format(bbox[3]), "{0}".format(bbox[2]), "{0}".format(bbox[1]), "{0}/{1}".format(outpath, lfilename), "{0}/{1}".format(outpath, tfilename)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                dbio.ingest(dbname, "{0}/{1}".format(outpath, tfilename), dt, table[varname], True)
            else:
                dbio.ingest(dbname, "{0}/{1}".format(outpath, lfilename), dt, table[varname], True)
        ftp.cwd("..")


[docs]def download(dbname, dts, bbox):
    """Downloads the PRISM data products for a set of
    dates *dt* and imports them into the PostGIS database *dbname*."""
    for varname in ["ppt", "tmax", "tmin"]:
        _downloadVariable(varname, dbname, dts, bbox)
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  Source code for datasets.decorators

""" Definition for RHEAS Datasets decorators.

.. module:: datasets.decorators
   :synopsis: Definition of the Datasets decorators

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from functools import wraps
import netCDF4 as netcdf4
import numpy as np
import tempfile
import shutil
import urllib
from osgeo import gdal
from datetime import datetime
from ftplib import FTP
import re
import datasets


[docs]def resetDatetime(dt):
    """Set time to 00:00 to align with daily data."""
    return datetime(dt.year, dt.month, dt.day, 0, 0)



[docs]def path(fetch):
    """Decorator for getting files from local path."""
    @wraps(fetch)
    def wrapper(*args, **kwargs):
        url, bbox, dt = fetch(*args, **kwargs)
        outpath = tempfile.mkdtemp()
        filename = url.format(dt.year, dt.month, dt.day)
        try:
            shutil.copy(filename, outpath)
            lfilename = filename.split("/")[-1]
        except:
            lfilename = None
        return outpath, lfilename, bbox, dt
    return wrapper



[docs]def http(fetch):
    """Decorator for downloading files from HTTP sites."""
    @wraps(fetch)
    def wrapper(*args, **kwargs):
        url, bbox, dt = fetch(*args, **kwargs)
        outpath = tempfile.mkdtemp()
        filename = url.format(dt.year, dt.month, dt.day)
        try:
            lfilename = filename.split("/")[-1]
            urllib.urlretrieve(filename, "{0}/{1}".format(outpath, lfilename))
        except:
            lfilename = None
        return outpath, lfilename, bbox, dt
    return wrapper



[docs]def ftp(fetch):
    """Decorator for downloading files from FTP sites."""
    @wraps(fetch)
    def wrapper(*args, **kwargs):
        url, bbox, dt = fetch(*args, **kwargs)
        ftpurl = url.split("/")[2]
        outpath = tempfile.mkdtemp()
        try:
            conn = FTP(ftpurl)
            conn.login()
            conn.cwd("/".join(url.split("/")[3:-1]).format(dt.year, dt.month, dt.day))
            name = url.split("/")[-1].format(dt.year, dt.month, dt.day)
            filenames = [f for f in conn.nlst() if re.match(r".*{0}.*".format(name), f) is not None]
            if len(filenames) > 0:
                filename = filenames[0]
                with open("{0}/{1}".format(outpath, filename), 'wb') as f:
                    conn.retrbinary("RETR {0}".format(filename), f.write)
                filenames.append("{0}/{1}".format(outpath, filename))
            else:
                filename = None
        except:
            filename = None
        return outpath, filename, bbox, dt
    return wrapper



[docs]def netcdf(fetch):
    """Decorator for fetching NetCDF files (local or from Opendap servers)."""
    @wraps(fetch)
    def wrapper(*args, **kwargs):
        url, varname, bbox, dt = fetch(*args, **kwargs)
        ds = netcdf4.Dataset(url)
        for var in ds.variables:
            if var.lower().startswith("lon") or var.lower() == "x":
                lonvar = var
            if var.lower().startswith("lat") or var.lower() == "y":
                latvar = var
            if var.lower().startswith("time") or var.lower() == "t":
                timevar = var
        lat = ds.variables[latvar][:]
        lon = ds.variables[lonvar][:]
        lon[lon > 180] -= 360
        res = abs(lat[0]-lat[1])  # assume rectangular grid
        i1, i2, j1, j2 = datasets.spatialSubset(np.sort(lat)[::-1], np.sort(lon), res, bbox)
        t = ds.variables[timevar]
        tt = netcdf4.num2date(t[:], units=t.units)
        ti = [tj for tj in range(len(tt)) if resetDatetime(tt[tj]) >= dt[0] and resetDatetime(tt[tj]) <= dt[1]]
        if len(ti) > 0:
            lati = np.argsort(lat)[::-1][i1:i2]
            loni = np.argsort(lon)[j1:j2]
            data = ds.variables[varname][ti, lati, loni]
            dt = tt[ti]
        else:
            data = None
            dt = None
        lat = np.sort(lat)[::-1][i1:i2]
        lon = np.sort(lon)[j1:j2]
        return data, lat, lon, dt
    return wrapper



[docs]def geotiff(fetch):
    """Decorator for reading data from raster files."""
    @wraps(fetch)
    def wrapper(*args, **kwargs):
        outpath, filename, bbox, dt = fetch(*args, **kwargs)
        if filename is not None:
            lfilename = datasets.uncompress(filename, outpath)
            f = gdal.Open("{0}/{1}".format(outpath, lfilename))
            xul, xres, _, yul, _, yres = f.GetGeoTransform()
            data = f.ReadAsArray()
            nr, nc = data.shape
            lat = np.arange(yul + yres/2.0, yul + yres * nr, yres)
            lon = np.arange(xul + xres/2.0, xul + xres * nc, xres)
            i1, i2, j1, j2 = datasets.spatialSubset(lat, lon, xres, bbox)
            data = data[i1:i2, j1:j2]
            lat = lat[i1:i2]
            lon = lon[j1:j2]
            shutil.rmtree(outpath)
        else:
            data = lat = lon = None
        return data, lat, lon, dt
    return wrapper
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  Source code for datasets.mod16

""" RHEAS module for retrieving MODIS evapotranspiration data (MOD16 product).

.. module:: mod16
   :synopsis: Retrieve MODIS evapotranspiration data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import modis
import tempfile
from ftplib import FTP
import subprocess
import glob
import shutil
import dbio
import datasets
from datetime import timedelta
import logging


table = "evap.mod16"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dts, bbox):
    """Downloads the MODIS evapotranspiration data product MOD16 for
    a set of dates *dt* and imports them into the PostGIS database *dbname*."""
    log = logging.getLogger(__name__)
    res = 0.01
    url = "ftp.ntsg.umt.edu"
    tiles = modis.findTiles(bbox)
    if tiles is not None:
        ftp = FTP(url)
        ftp.login()
        for dt in [dts[0] + timedelta(dti) for dti in range((dts[-1] - dts[0]).days + 1)]:
            try:
                ftp.cwd(
                    "pub/MODIS/NTSG_Products/MOD16/MOD16A2.105_MERRAGMAO/Y{0}".format(dt.year))
                days = ftp.nlst()
                datadir = "D{0}".format(dt.strftime("%j"))
                if datadir in days:
                    ftp.cwd(datadir)
                    files = [f for f in ftp.nlst() if any(
                        f.find("h{0:02d}v{1:02d}".format(t[1], t[0])) > 0 for t in tiles)]
                    outpath = tempfile.mkdtemp()
                    for fname in files:
                        with open("{0}/{1}".format(outpath, fname), 'wb') as f:
                            ftp.retrbinary("RETR {0}".format(fname), f.write)
                        proc = subprocess.Popen(["gdal_translate", "HDF4_EOS:EOS_GRID:{0}/{1}:MOD_Grid_MOD16A2:ET_1km".format(
                            outpath, fname), "{0}/{1}".format(outpath, fname).replace("hdf", "tif")], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                        out, err = proc.communicate()
                        log.debug(out)
                    tifs = glob.glob("{0}/*.tif".format(outpath))
                    proc = subprocess.Popen(
                        ["gdal_merge.py", "-o", "{0}/et.tif".format(outpath)] + tifs, stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                    out, err = proc.communicate()
                    log.debug(out)
                    proc = subprocess.Popen(["gdal_calc.py", "-A", "{0}/et.tif".format(outpath), "--outfile={0}/et1.tif".format(
                        outpath), "--NoDataValue=-9999", "--calc=\"(A<32701)*(0.1*A+9999)-9999\""], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                    out, err = proc.communicate()
                    log.debug(out)
                    proc = subprocess.Popen(["gdalwarp", "-t_srs", "'+proj=latlong +ellps=sphere'", "-tr", str(
                        res), str(-res), "{0}/et1.tif".format(outpath), "{0}/et2.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                    out, err = proc.communicate()
                    log.debug(out)
                    if bbox is None:
                        pstr = []
                    else:
                        pstr = ["-projwin", str(bbox[0]), str(bbox[3]), str(bbox[2]), str(bbox[1])]
                    proc = subprocess.Popen(["gdal_translate"] + pstr + ["-a_srs", "epsg:4326", "{0}/et2.tif".format(outpath), "{0}/et3.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                    out, err = proc.communicate()
                    log.debug(out)
                    dbio.ingest(
                        dbname, "{0}/et3.tif".format(outpath), dt, table, False)
                    shutil.rmtree(outpath)
            except:
                log.warning("MOD16 data not available for {0}. Skipping download!".format(
                    dt.strftime("%Y-%m-%d")))



[docs]class Mod16:

    def __init__(self):
        """Initialize MOD16 evapotranspiration object."""
        self.statevar = ["soil_moist"]
        self.obsvar = "evap"
        self.res = 0.01
        self.stddev = 1.0
        self.tablename = "evap.mod16"
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  Source code for datasets.mod10

"""Class definition for the MODIS snow cover fraction data type.

.. module:: mod10
   :synopsis: Definition of the MOD10 class

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import dbio
from datetime import timedelta
import datasets
from ftplib import FTP
import tempfile
import subprocess
import glob
import shutil
import modis
import logging


table = "snow.mod10"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dts, bbox):
    """Downloads the Terra MODIS snow cover fraction data product MOD10 for
    a specific date *dt* and imports them into the PostGIS database *dbname*."""
    log = logging.getLogger(__name__)
    res = 0.005
    url = "n5eil01u.ecs.nsidc.org"
    tiles = modis.findTiles(bbox)
    if tiles is not None:
        ftp = FTP(url)
        ftp.login()
        for dt in [dts[0] + timedelta(dti) for dti in range((dts[-1] - dts[0]).days + 1)]:
            try:
                ftp.cwd("SAN/MOST/MOD10A1.005/{1:04d}.{2:02d}.{3:02d}".format(url, dt.year, dt.month, dt.day))
                files = [f for f in ftp.nlst() if any(
                    f.find("h{0:02d}v{1:02d}".format(t[1], t[0])) > 0 for t in tiles)]
                files = filter(lambda s: s.endswith("hdf"), files)
                outpath = tempfile.mkdtemp()
                for fname in files:
                        with open("{0}/{1}".format(outpath, fname), 'wb') as f:
                            ftp.retrbinary("RETR {0}".format(fname), f.write)
                        proc = subprocess.Popen(["gdal_translate", "HDF4_EOS:EOS_GRID:{0}/{1}:MOD_Grid_Snow_500m:Fractional_Snow_Cover".format(outpath, fname), "{0}/{1}".format(outpath, fname).replace("hdf", "tif")], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                        out, err = proc.communicate()
                        log.debug(out)
                tifs = glob.glob("{0}/*.tif".format(outpath))
                proc = subprocess.Popen(
                    ["gdal_merge.py", "-a_nodata", "-9999", "-o", "{0}/snow.tif".format(outpath)] + tifs, stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                proc = subprocess.Popen(["gdal_calc.py", "-A", "{0}/snow.tif".format(outpath), "--outfile={0}/snow1.tif".format(
                    outpath), "--NoDataValue=-9999", "--calc=\"(A<101.0)*(A+9999.0)-9999.0\""], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                proc = subprocess.Popen(["gdalwarp", "-t_srs", "'+proj=latlong +ellps=sphere'", "-tr", str(
                    res), str(-res), "{0}/snow1.tif".format(outpath), "{0}/snow2.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                proc = subprocess.Popen(["gdal_translate", "-a_srs", "epsg:4326", "{0}/snow2.tif".format(outpath), "{0}/snow3.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                out, err = proc.communicate()
                log.debug(out)
                dbio.ingest(
                    dbname, "{0}/snow3.tif".format(outpath), dt, table, False)
                shutil.rmtree(outpath)
            except:
                log.warning("MOD10 data not available for {0}. Skipping download!".format(
                    dt.strftime("%Y-%m-%d")))



[docs]class Mod10(object):

    def __init__(self):
        """Initialize MOD10 snow cover fraction object."""
        self.statevar = ["swq"]
        self.obsvar = "snow_cover"
        self.res = 0.005
        self.stddev = 0.05
        self.tablename = table
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  Source code for datasets.modis

"""Module definition for MODIS tiles.

.. module:: modis
   :synopsis: Definition of the MODIS auxiliary module

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from osgeo import ogr
import logging

# Tile coordinate table (from http://modis-land.gsfc.nasa.gov/pdf/sn_bound_10deg.txt)
# iv  ih    lon_min    lon_max   lat_min   lat_max
tiles = [
    [0, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 6, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 7, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 8, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 9, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 10, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 11, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 12, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 13, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 14, -180.0000, -172.7151, 80.0000, 80.4083],
    [0, 15, -180.0000, -115.1274, 80.0000, 83.6250],
    [0, 16, -180.0000, -57.5397, 80.0000, 86.8167],
    [0, 17, -180.0000, 57.2957, 80.0000, 90.0000],
    [0, 18, -0.0040, 180.0000, 80.0000, 90.0000],
    [0, 19, 57.5877, 180.0000, 80.0000, 86.8167],
    [0, 20, 115.1754, 180.0000, 80.0000, 83.6250],
    [0, 21, 172.7631, 180.0000, 80.0000, 80.4083],
    [0, 22, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 23, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 24, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 25, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 26, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 27, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 28, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 29, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [0, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 6, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 7, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 8, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 9, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 10, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 11, -180.0000, -175.4039, 70.0000, 70.5333],
    [1, 12, -180.0000, -146.1659, 70.0000, 73.8750],
    [1, 13, -180.0000, -116.9278, 70.0000, 77.1667],
    [1, 14, -180.0000, -87.6898, 70.0000, 80.0000],
    [1, 15, -172.7631, -58.4517, 70.0000, 80.0000],
    [1, 16, -115.1754, -29.2137, 70.0000, 80.0000],
    [1, 17, -57.5877, 0.0480, 70.0000, 80.0000],
    [1, 18, 0.0000, 57.6357, 70.0000, 80.0000],
    [1, 19, 29.2380, 115.2234, 70.0000, 80.0000],
    [1, 20, 58.4761, 172.8111, 70.0000, 80.0000],
    [1, 21, 87.7141, 180.0000, 70.0000, 80.0000],
    [1, 22, 116.9522, 180.0000, 70.0000, 77.1583],
    [1, 23, 146.1902, 180.0000, 70.0000, 73.8750],
    [1, 24, 175.4283, 180.0000, 70.0000, 70.5333],
    [1, 25, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 26, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 27, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 28, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 29, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [1, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 6, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 7, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 8, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 9, -180.0000, -159.9833, 60.0000, 63.6167],
    [2, 10, -180.0000, -139.9833, 60.0000, 67.1167],
    [2, 11, -180.0000, -119.9833, 60.0000, 70.0000],
    [2, 12, -175.4283, -99.9833, 60.0000, 70.0000],
    [2, 13, -146.1902, -79.9833, 60.0000, 70.0000],
    [2, 14, -116.9522, -59.9833, 60.0000, 70.0000],
    [2, 15, -87.7141, -39.9833, 60.0000, 70.0000],
    [2, 16, -58.4761, -19.9833, 60.0000, 70.0000],
    [2, 17, -29.2380, 0.0244, 60.0000, 70.0000],
    [2, 18, 0.0000, 29.2624, 60.0000, 70.0000],
    [2, 19, 20.0000, 58.5005, 60.0000, 70.0000],
    [2, 20, 40.0000, 87.7385, 60.0000, 70.0000],
    [2, 21, 60.0000, 116.9765, 60.0000, 70.0000],
    [2, 22, 80.0000, 146.2146, 60.0000, 70.0000],
    [2, 23, 100.0000, 175.4526, 60.0000, 70.0000],
    [2, 24, 120.0000, 180.0000, 60.0000, 70.0000],
    [2, 25, 140.0000, 180.0000, 60.0000, 67.1167],
    [2, 26, 160.0000, 180.0000, 60.0000, 63.6167],
    [2, 27, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 28, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 29, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [2, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 6, -180.0000, -171.1167, 50.0000, 52.3333],
    [3, 7, -180.0000, -155.5594, 50.0000, 56.2583],
    [3, 8, -180.0000, -140.0022, 50.0000, 60.0000],
    [3, 9, -180.0000, -124.4449, 50.0000, 60.0000],
    [3, 10, -160.0000, -108.8877, 50.0000, 60.0000],
    [3, 11, -140.0000, -93.3305, 50.0000, 60.0000],
    [3, 12, -120.0000, -77.7732, 50.0000, 60.0000],
    [3, 13, -100.0000, -62.2160, 50.0000, 60.0000],
    [3, 14, -80.0000, -46.6588, 50.0000, 60.0000],
    [3, 15, -60.0000, -31.1015, 50.0000, 60.0000],
    [3, 16, -40.0000, -15.5443, 50.0000, 60.0000],
    [3, 17, -20.0000, 0.0167, 50.0000, 60.0000],
    [3, 18, 0.0000, 20.0167, 50.0000, 60.0000],
    [3, 19, 15.5572, 40.0167, 50.0000, 60.0000],
    [3, 20, 31.1145, 60.0167, 50.0000, 60.0000],
    [3, 21, 46.6717, 80.0167, 50.0000, 60.0000],
    [3, 22, 62.2290, 100.0167, 50.0000, 60.0000],
    [3, 23, 77.7862, 120.0167, 50.0000, 60.0000],
    [3, 24, 93.3434, 140.0167, 50.0000, 60.0000],
    [3, 25, 108.9007, 160.0167, 50.0000, 60.0000],
    [3, 26, 124.4579, 180.0000, 50.0000, 60.0000],
    [3, 27, 140.0151, 180.0000, 50.0000, 60.0000],
    [3, 28, 155.5724, 180.0000, 50.0000, 56.2500],
    [3, 29, 171.1296, 180.0000, 50.0000, 52.3333],
    [3, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [3, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 4, -180.0000, -169.6921, 40.0000, 43.7667],
    [4, 5, -180.0000, -156.6380, 40.0000, 48.1917],
    [4, 6, -180.0000, -143.5839, 40.0000, 50.0000],
    [4, 7, -171.1296, -130.5299, 40.0000, 50.0000],
    [4, 8, -155.5724, -117.4758, 40.0000, 50.0000],
    [4, 9, -140.0151, -104.4217, 40.0000, 50.0000],
    [4, 10, -124.4579, -91.3676, 40.0000, 50.0000],
    [4, 11, -108.9007, -78.3136, 40.0000, 50.0000],
    [4, 12, -93.3434, -65.2595, 40.0000, 50.0000],
    [4, 13, -77.7862, -52.2054, 40.0000, 50.0000],
    [4, 14, -62.2290, -39.1513, 40.0000, 50.0000],
    [4, 15, -46.6717, -26.0973, 40.0000, 50.0000],
    [4, 16, -31.1145, -13.0432, 40.0000, 50.0000],
    [4, 17, -15.5572, 0.0130, 40.0000, 50.0000],
    [4, 18, 0.0000, 15.5702, 40.0000, 50.0000],
    [4, 19, 13.0541, 31.1274, 40.0000, 50.0000],
    [4, 20, 26.1081, 46.6847, 40.0000, 50.0000],
    [4, 21, 39.1622, 62.2419, 40.0000, 50.0000],
    [4, 22, 52.2163, 77.7992, 40.0000, 50.0000],
    [4, 23, 65.2704, 93.3564, 40.0000, 50.0000],
    [4, 24, 78.3244, 108.9136, 40.0000, 50.0000],
    [4, 25, 91.3785, 124.4709, 40.0000, 50.0000],
    [4, 26, 104.4326, 140.0281, 40.0000, 50.0000],
    [4, 27, 117.4867, 155.5853, 40.0000, 50.0000],
    [4, 28, 130.5407, 171.1426, 40.0000, 50.0000],
    [4, 29, 143.5948, 180.0000, 40.0000, 50.0000],
    [4, 30, 156.6489, 180.0000, 40.0000, 48.1917],
    [4, 31, 169.7029, 180.0000, 40.0000, 43.7583],
    [4, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [4, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [5, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [5, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [5, 2, -180.0000, -173.1955, 30.0000, 33.5583],
    [5, 3, -180.0000, -161.6485, 30.0000, 38.9500],
    [5, 4, -180.0000, -150.1014, 30.0000, 40.0000],
    [5, 5, -169.7029, -138.5544, 30.0000, 40.0000],
    [5, 6, -156.6489, -127.0074, 30.0000, 40.0000],
    [5, 7, -143.5948, -115.4604, 30.0000, 40.0000],
    [5, 8, -130.5407, -103.9134, 30.0000, 40.0000],
    [5, 9, -117.4867, -92.3664, 30.0000, 40.0000],
    [5, 10, -104.4326, -80.8194, 30.0000, 40.0000],
    [5, 11, -91.3785, -69.2724, 30.0000, 40.0000],
    [5, 12, -78.3244, -57.7254, 30.0000, 40.0000],
    [5, 13, -65.2704, -46.1784, 30.0000, 40.0000],
    [5, 14, -52.2163, -34.6314, 30.0000, 40.0000],
    [5, 15, -39.1622, -23.0844, 30.0000, 40.0000],
    [5, 16, -26.1081, -11.5374, 30.0000, 40.0000],
    [5, 17, -13.0541, 0.0109, 30.0000, 40.0000],
    [5, 18, 0.0000, 13.0650, 30.0000, 40.0000],
    [5, 19, 11.5470, 26.1190, 30.0000, 40.0000],
    [5, 20, 23.0940, 39.1731, 30.0000, 40.0000],
    [5, 21, 34.6410, 52.2272, 30.0000, 40.0000],
    [5, 22, 46.1880, 65.2812, 30.0000, 40.0000],
    [5, 23, 57.7350, 78.3353, 30.0000, 40.0000],
    [5, 24, 69.2820, 91.3894, 30.0000, 40.0000],
    [5, 25, 80.8290, 104.4435, 30.0000, 40.0000],
    [5, 26, 92.3760, 117.4975, 30.0000, 40.0000],
    [5, 27, 103.9230, 130.5516, 30.0000, 40.0000],
    [5, 28, 115.4701, 143.6057, 30.0000, 40.0000],
    [5, 29, 127.0171, 156.6598, 30.0000, 40.0000],
    [5, 30, 138.5641, 169.7138, 30.0000, 40.0000],
    [5, 31, 150.1111, 180.0000, 30.0000, 40.0000],
    [5, 32, 161.6581, 180.0000, 30.0000, 38.9417],
    [5, 33, 173.2051, 180.0000, 30.0000, 33.5583],
    [5, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [5, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [6, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [6, 1, -180.0000, -170.2596, 20.0000, 27.2667],
    [6, 2, -180.0000, -159.6178, 20.0000, 30.0000],
    [6, 3, -173.2051, -148.9760, 20.0000, 30.0000],
    [6, 4, -161.6581, -138.3342, 20.0000, 30.0000],
    [6, 5, -150.1111, -127.6925, 20.0000, 30.0000],
    [6, 6, -138.5641, -117.0507, 20.0000, 30.0000],
    [6, 7, -127.0171, -106.4089, 20.0000, 30.0000],
    [6, 8, -115.4701, -95.7671, 20.0000, 30.0000],
    [6, 9, -103.9230, -85.1254, 20.0000, 30.0000],
    [6, 10, -92.3760, -74.4836, 20.0000, 30.0000],
    [6, 11, -80.8290, -63.8418, 20.0000, 30.0000],
    [6, 12, -69.2820, -53.2000, 20.0000, 30.0000],
    [6, 13, -57.7350, -42.5582, 20.0000, 30.0000],
    [6, 14, -46.1880, -31.9165, 20.0000, 30.0000],
    [6, 15, -34.6410, -21.2747, 20.0000, 30.0000],
    [6, 16, -23.0940, -10.6329, 20.0000, 30.0000],
    [6, 17, -11.5470, 0.0096, 20.0000, 30.0000],
    [6, 18, 0.0000, 11.5566, 20.0000, 30.0000],
    [6, 19, 10.6418, 23.1036, 20.0000, 30.0000],
    [6, 20, 21.2836, 34.6506, 20.0000, 30.0000],
    [6, 21, 31.9253, 46.1976, 20.0000, 30.0000],
    [6, 22, 42.5671, 57.7446, 20.0000, 30.0000],
    [6, 23, 53.2089, 69.2917, 20.0000, 30.0000],
    [6, 24, 63.8507, 80.8387, 20.0000, 30.0000],
    [6, 25, 74.4924, 92.3857, 20.0000, 30.0000],
    [6, 26, 85.1342, 103.9327, 20.0000, 30.0000],
    [6, 27, 95.7760, 115.4797, 20.0000, 30.0000],
    [6, 28, 106.4178, 127.0267, 20.0000, 30.0000],
    [6, 29, 117.0596, 138.5737, 20.0000, 30.0000],
    [6, 30, 127.7013, 150.1207, 20.0000, 30.0000],
    [6, 31, 138.3431, 161.6677, 20.0000, 30.0000],
    [6, 32, 148.9849, 173.2147, 20.0000, 30.0000],
    [6, 33, 159.6267, 180.0000, 20.0000, 30.0000],
    [6, 34, 170.2684, 180.0000, 20.0000, 27.2667],
    [6, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [7, 0, -180.0000, -172.6141, 10.0000, 19.1917],
    [7, 1, -180.0000, -162.4598, 10.0000, 20.0000],
    [7, 2, -170.2684, -152.3055, 10.0000, 20.0000],
    [7, 3, -159.6267, -142.1513, 10.0000, 20.0000],
    [7, 4, -148.9849, -131.9970, 10.0000, 20.0000],
    [7, 5, -138.3431, -121.8427, 10.0000, 20.0000],
    [7, 6, -127.7013, -111.6885, 10.0000, 20.0000],
    [7, 7, -117.0596, -101.5342, 10.0000, 20.0000],
    [7, 8, -106.4178, -91.3799, 10.0000, 20.0000],
    [7, 9, -95.7760, -81.2257, 10.0000, 20.0000],
    [7, 10, -85.1342, -71.0714, 10.0000, 20.0000],
    [7, 11, -74.4924, -60.9171, 10.0000, 20.0000],
    [7, 12, -63.8507, -50.7629, 10.0000, 20.0000],
    [7, 13, -53.2089, -40.6086, 10.0000, 20.0000],
    [7, 14, -42.5671, -30.4543, 10.0000, 20.0000],
    [7, 15, -31.9253, -20.3001, 10.0000, 20.0000],
    [7, 16, -21.2836, -10.1458, 10.0000, 20.0000],
    [7, 17, -10.6418, 0.0089, 10.0000, 20.0000],
    [7, 18, 0.0000, 10.6506, 10.0000, 20.0000],
    [7, 19, 10.1543, 21.2924, 10.0000, 20.0000],
    [7, 20, 20.3085, 31.9342, 10.0000, 20.0000],
    [7, 21, 30.4628, 42.5760, 10.0000, 20.0000],
    [7, 22, 40.6171, 53.2178, 10.0000, 20.0000],
    [7, 23, 50.7713, 63.8595, 10.0000, 20.0000],
    [7, 24, 60.9256, 74.5013, 10.0000, 20.0000],
    [7, 25, 71.0799, 85.1431, 10.0000, 20.0000],
    [7, 26, 81.2341, 95.7849, 10.0000, 20.0000],
    [7, 27, 91.3884, 106.4266, 10.0000, 20.0000],
    [7, 28, 101.5427, 117.0684, 10.0000, 20.0000],
    [7, 29, 111.6969, 127.7102, 10.0000, 20.0000],
    [7, 30, 121.8512, 138.3520, 10.0000, 20.0000],
    [7, 31, 132.0055, 148.9938, 10.0000, 20.0000],
    [7, 32, 142.1597, 159.6355, 10.0000, 20.0000],
    [7, 33, 152.3140, 170.2773, 10.0000, 20.0000],
    [7, 34, 162.4683, 180.0000, 10.0000, 20.0000],
    [7, 35, 172.6225, 180.0000, 10.0000, 19.1833],
    [8, 0, -180.0000, -169.9917, -0.0000, 10.0000],
    [8, 1, -172.6225, -159.9917, -0.0000, 10.0000],
    [8, 2, -162.4683, -149.9917, -0.0000, 10.0000],
    [8, 3, -152.3140, -139.9917, -0.0000, 10.0000],
    [8, 4, -142.1597, -129.9917, -0.0000, 10.0000],
    [8, 5, -132.0055, -119.9917, -0.0000, 10.0000],
    [8, 6, -121.8512, -109.9917, -0.0000, 10.0000],
    [8, 7, -111.6969, -99.9917, -0.0000, 10.0000],
    [8, 8, -101.5427, -89.9917, -0.0000, 10.0000],
    [8, 9, -91.3884, -79.9917, -0.0000, 10.0000],
    [8, 10, -81.2341, -69.9917, -0.0000, 10.0000],
    [8, 11, -71.0799, -59.9917, -0.0000, 10.0000],
    [8, 12, -60.9256, -49.9917, -0.0000, 10.0000],
    [8, 13, -50.7713, -39.9917, -0.0000, 10.0000],
    [8, 14, -40.6171, -29.9917, -0.0000, 10.0000],
    [8, 15, -30.4628, -19.9917, -0.0000, 10.0000],
    [8, 16, -20.3085, -9.9917, -0.0000, 10.0000],
    [8, 17, -10.1543, 0.0085, -0.0000, 10.0000],
    [8, 18, 0.0000, 10.1627, -0.0000, 10.0000],
    [8, 19, 10.0000, 20.3170, -0.0000, 10.0000],
    [8, 20, 20.0000, 30.4713, -0.0000, 10.0000],
    [8, 21, 30.0000, 40.6255, -0.0000, 10.0000],
    [8, 22, 40.0000, 50.7798, -0.0000, 10.0000],
    [8, 23, 50.0000, 60.9341, -0.0000, 10.0000],
    [8, 24, 60.0000, 71.0883, -0.0000, 10.0000],
    [8, 25, 70.0000, 81.2426, -0.0000, 10.0000],
    [8, 26, 80.0000, 91.3969, -0.0000, 10.0000],
    [8, 27, 90.0000, 101.5511, -0.0000, 10.0000],
    [8, 28, 100.0000, 111.7054, -0.0000, 10.0000],
    [8, 29, 110.0000, 121.8597, -0.0000, 10.0000],
    [8, 30, 120.0000, 132.0139, -0.0000, 10.0000],
    [8, 31, 130.0000, 142.1682, -0.0000, 10.0000],
    [8, 32, 140.0000, 152.3225, -0.0000, 10.0000],
    [8, 33, 150.0000, 162.4767, -0.0000, 10.0000],
    [8, 34, 160.0000, 172.6310, -0.0000, 10.0000],
    [8, 35, 170.0000, 180.0000, -0.0000, 10.0000],
    [9, 0, -180.0000, -169.9917, -10.0000, -0.0000],
    [9, 1, -172.6225, -159.9917, -10.0000, -0.0000],
    [9, 2, -162.4683, -149.9917, -10.0000, -0.0000],
    [9, 3, -152.3140, -139.9917, -10.0000, -0.0000],
    [9, 4, -142.1597, -129.9917, -10.0000, -0.0000],
    [9, 5, -132.0055, -119.9917, -10.0000, -0.0000],
    [9, 6, -121.8512, -109.9917, -10.0000, -0.0000],
    [9, 7, -111.6969, -99.9917, -10.0000, -0.0000],
    [9, 8, -101.5427, -89.9917, -10.0000, -0.0000],
    [9, 9, -91.3884, -79.9917, -10.0000, -0.0000],
    [9, 10, -81.2341, -69.9917, -10.0000, -0.0000],
    [9, 11, -71.0799, -59.9917, -10.0000, -0.0000],
    [9, 12, -60.9256, -49.9917, -10.0000, -0.0000],
    [9, 13, -50.7713, -39.9917, -10.0000, -0.0000],
    [9, 14, -40.6171, -29.9917, -10.0000, -0.0000],
    [9, 15, -30.4628, -19.9917, -10.0000, -0.0000],
    [9, 16, -20.3085, -9.9917, -10.0000, -0.0000],
    [9, 17, -10.1543, 0.0085, -10.0000, -0.0000],
    [9, 18, 0.0000, 10.1627, -10.0000, -0.0000],
    [9, 19, 10.0000, 20.3170, -10.0000, -0.0000],
    [9, 20, 20.0000, 30.4713, -10.0000, -0.0000],
    [9, 21, 30.0000, 40.6255, -10.0000, -0.0000],
    [9, 22, 40.0000, 50.7798, -10.0000, -0.0000],
    [9, 23, 50.0000, 60.9341, -10.0000, -0.0000],
    [9, 24, 60.0000, 71.0883, -10.0000, -0.0000],
    [9, 25, 70.0000, 81.2426, -10.0000, -0.0000],
    [9, 26, 80.0000, 91.3969, -10.0000, -0.0000],
    [9, 27, 90.0000, 101.5511, -10.0000, -0.0000],
    [9, 28, 100.0000, 111.7054, -10.0000, -0.0000],
    [9, 29, 110.0000, 121.8597, -10.0000, -0.0000],
    [9, 30, 120.0000, 132.0139, -10.0000, -0.0000],
    [9, 31, 130.0000, 142.1682, -10.0000, -0.0000],
    [9, 32, 140.0000, 152.3225, -10.0000, -0.0000],
    [9, 33, 150.0000, 162.4767, -10.0000, -0.0000],
    [9, 34, 160.0000, 172.6310, -10.0000, -0.0000],
    [9, 35, 170.0000, 180.0000, -10.0000, -0.0000],
    [10, 0, -180.0000, -172.6141, -19.1917, -10.0000],
    [10, 1, -180.0000, -162.4598, -20.0000, -10.0000],
    [10, 2, -170.2684, -152.3055, -20.0000, -10.0000],
    [10, 3, -159.6267, -142.1513, -20.0000, -10.0000],
    [10, 4, -148.9849, -131.9970, -20.0000, -10.0000],
    [10, 5, -138.3431, -121.8427, -20.0000, -10.0000],
    [10, 6, -127.7013, -111.6885, -20.0000, -10.0000],
    [10, 7, -117.0596, -101.5342, -20.0000, -10.0000],
    [10, 8, -106.4178, -91.3799, -20.0000, -10.0000],
    [10, 9, -95.7760, -81.2257, -20.0000, -10.0000],
    [10, 10, -85.1342, -71.0714, -20.0000, -10.0000],
    [10, 11, -74.4924, -60.9171, -20.0000, -10.0000],
    [10, 12, -63.8507, -50.7629, -20.0000, -10.0000],
    [10, 13, -53.2089, -40.6086, -20.0000, -10.0000],
    [10, 14, -42.5671, -30.4543, -20.0000, -10.0000],
    [10, 15, -31.9253, -20.3001, -20.0000, -10.0000],
    [10, 16, -21.2836, -10.1458, -20.0000, -10.0000],
    [10, 17, -10.6418, 0.0089, -20.0000, -10.0000],
    [10, 18, 0.0000, 10.6506, -20.0000, -10.0000],
    [10, 19, 10.1543, 21.2924, -20.0000, -10.0000],
    [10, 20, 20.3085, 31.9342, -20.0000, -10.0000],
    [10, 21, 30.4628, 42.5760, -20.0000, -10.0000],
    [10, 22, 40.6171, 53.2178, -20.0000, -10.0000],
    [10, 23, 50.7713, 63.8595, -20.0000, -10.0000],
    [10, 24, 60.9256, 74.5013, -20.0000, -10.0000],
    [10, 25, 71.0799, 85.1431, -20.0000, -10.0000],
    [10, 26, 81.2341, 95.7849, -20.0000, -10.0000],
    [10, 27, 91.3884, 106.4266, -20.0000, -10.0000],
    [10, 28, 101.5427, 117.0684, -20.0000, -10.0000],
    [10, 29, 111.6969, 127.7102, -20.0000, -10.0000],
    [10, 30, 121.8512, 138.3520, -20.0000, -10.0000],
    [10, 31, 132.0055, 148.9938, -20.0000, -10.0000],
    [10, 32, 142.1597, 159.6355, -20.0000, -10.0000],
    [10, 33, 152.3140, 170.2773, -20.0000, -10.0000],
    [10, 34, 162.4683, 180.0000, -20.0000, -10.0000],
    [10, 35, 172.6225, 180.0000, -19.1833, -10.0000],
    [11, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [11, 1, -180.0000, -170.2596, -27.2667, -20.0000],
    [11, 2, -180.0000, -159.6178, -30.0000, -20.0000],
    [11, 3, -173.2051, -148.9760, -30.0000, -20.0000],
    [11, 4, -161.6581, -138.3342, -30.0000, -20.0000],
    [11, 5, -150.1111, -127.6925, -30.0000, -20.0000],
    [11, 6, -138.5641, -117.0507, -30.0000, -20.0000],
    [11, 7, -127.0171, -106.4089, -30.0000, -20.0000],
    [11, 8, -115.4701, -95.7671, -30.0000, -20.0000],
    [11, 9, -103.9230, -85.1254, -30.0000, -20.0000],
    [11, 10, -92.3760, -74.4836, -30.0000, -20.0000],
    [11, 11, -80.8290, -63.8418, -30.0000, -20.0000],
    [11, 12, -69.2820, -53.2000, -30.0000, -20.0000],
    [11, 13, -57.7350, -42.5582, -30.0000, -20.0000],
    [11, 14, -46.1880, -31.9165, -30.0000, -20.0000],
    [11, 15, -34.6410, -21.2747, -30.0000, -20.0000],
    [11, 16, -23.0940, -10.6329, -30.0000, -20.0000],
    [11, 17, -11.5470, 0.0096, -30.0000, -20.0000],
    [11, 18, 0.0000, 11.5566, -30.0000, -20.0000],
    [11, 19, 10.6418, 23.1036, -30.0000, -20.0000],
    [11, 20, 21.2836, 34.6506, -30.0000, -20.0000],
    [11, 21, 31.9253, 46.1976, -30.0000, -20.0000],
    [11, 22, 42.5671, 57.7446, -30.0000, -20.0000],
    [11, 23, 53.2089, 69.2917, -30.0000, -20.0000],
    [11, 24, 63.8507, 80.8387, -30.0000, -20.0000],
    [11, 25, 74.4924, 92.3857, -30.0000, -20.0000],
    [11, 26, 85.1342, 103.9327, -30.0000, -20.0000],
    [11, 27, 95.7760, 115.4797, -30.0000, -20.0000],
    [11, 28, 106.4178, 127.0267, -30.0000, -20.0000],
    [11, 29, 117.0596, 138.5737, -30.0000, -20.0000],
    [11, 30, 127.7013, 150.1207, -30.0000, -20.0000],
    [11, 31, 138.3431, 161.6677, -30.0000, -20.0000],
    [11, 32, 148.9849, 173.2147, -30.0000, -20.0000],
    [11, 33, 159.6267, 180.0000, -30.0000, -20.0000],
    [11, 34, 170.2684, 180.0000, -27.2667, -20.0000],
    [11, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [12, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [12, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [12, 2, -180.0000, -173.1955, -33.5583, -30.0000],
    [12, 3, -180.0000, -161.6485, -38.9500, -30.0000],
    [12, 4, -180.0000, -150.1014, -40.0000, -30.0000],
    [12, 5, -169.7029, -138.5544, -40.0000, -30.0000],
    [12, 6, -156.6489, -127.0074, -40.0000, -30.0000],
    [12, 7, -143.5948, -115.4604, -40.0000, -30.0000],
    [12, 8, -130.5407, -103.9134, -40.0000, -30.0000],
    [12, 9, -117.4867, -92.3664, -40.0000, -30.0000],
    [12, 10, -104.4326, -80.8194, -40.0000, -30.0000],
    [12, 11, -91.3785, -69.2724, -40.0000, -30.0000],
    [12, 12, -78.3244, -57.7254, -40.0000, -30.0000],
    [12, 13, -65.2704, -46.1784, -40.0000, -30.0000],
    [12, 14, -52.2163, -34.6314, -40.0000, -30.0000],
    [12, 15, -39.1622, -23.0844, -40.0000, -30.0000],
    [12, 16, -26.1081, -11.5374, -40.0000, -30.0000],
    [12, 17, -13.0541, 0.0109, -40.0000, -30.0000],
    [12, 18, 0.0000, 13.0650, -40.0000, -30.0000],
    [12, 19, 11.5470, 26.1190, -40.0000, -30.0000],
    [12, 20, 23.0940, 39.1731, -40.0000, -30.0000],
    [12, 21, 34.6410, 52.2272, -40.0000, -30.0000],
    [12, 22, 46.1880, 65.2812, -40.0000, -30.0000],
    [12, 23, 57.7350, 78.3353, -40.0000, -30.0000],
    [12, 24, 69.2820, 91.3894, -40.0000, -30.0000],
    [12, 25, 80.8290, 104.4435, -40.0000, -30.0000],
    [12, 26, 92.3760, 117.4975, -40.0000, -30.0000],
    [12, 27, 103.9230, 130.5516, -40.0000, -30.0000],
    [12, 28, 115.4701, 143.6057, -40.0000, -30.0000],
    [12, 29, 127.0171, 156.6598, -40.0000, -30.0000],
    [12, 30, 138.5641, 169.7138, -40.0000, -30.0000],
    [12, 31, 150.1111, 180.0000, -40.0000, -30.0000],
    [12, 32, 161.6581, 180.0000, -38.9417, -30.0000],
    [12, 33, 173.2051, 180.0000, -33.5583, -30.0000],
    [12, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [12, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 4, -180.0000, -169.6921, -43.7667, -40.0000],
    [13, 5, -180.0000, -156.6380, -48.1917, -40.0000],
    [13, 6, -180.0000, -143.5839, -50.0000, -40.0000],
    [13, 7, -171.1296, -130.5299, -50.0000, -40.0000],
    [13, 8, -155.5724, -117.4758, -50.0000, -40.0000],
    [13, 9, -140.0151, -104.4217, -50.0000, -40.0000],
    [13, 10, -124.4579, -91.3676, -50.0000, -40.0000],
    [13, 11, -108.9007, -78.3136, -50.0000, -40.0000],
    [13, 12, -93.3434, -65.2595, -50.0000, -40.0000],
    [13, 13, -77.7862, -52.2054, -50.0000, -40.0000],
    [13, 14, -62.2290, -39.1513, -50.0000, -40.0000],
    [13, 15, -46.6717, -26.0973, -50.0000, -40.0000],
    [13, 16, -31.1145, -13.0432, -50.0000, -40.0000],
    [13, 17, -15.5572, 0.0130, -50.0000, -40.0000],
    [13, 18, 0.0000, 15.5702, -50.0000, -40.0000],
    [13, 19, 13.0541, 31.1274, -50.0000, -40.0000],
    [13, 20, 26.1081, 46.6847, -50.0000, -40.0000],
    [13, 21, 39.1622, 62.2419, -50.0000, -40.0000],
    [13, 22, 52.2163, 77.7992, -50.0000, -40.0000],
    [13, 23, 65.2704, 93.3564, -50.0000, -40.0000],
    [13, 24, 78.3244, 108.9136, -50.0000, -40.0000],
    [13, 25, 91.3785, 124.4709, -50.0000, -40.0000],
    [13, 26, 104.4326, 140.0281, -50.0000, -40.0000],
    [13, 27, 117.4867, 155.5853, -50.0000, -40.0000],
    [13, 28, 130.5407, 171.1426, -50.0000, -40.0000],
    [13, 29, 143.5948, 180.0000, -50.0000, -40.0000],
    [13, 30, 156.6489, 180.0000, -48.1917, -40.0000],
    [13, 31, 169.7029, 180.0000, -43.7583, -40.0000],
    [13, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [13, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 6, -180.0000, -171.1167, -52.3333, -50.0000],
    [14, 7, -180.0000, -155.5594, -56.2583, -50.0000],
    [14, 8, -180.0000, -140.0022, -60.0000, -50.0000],
    [14, 9, -180.0000, -124.4449, -60.0000, -50.0000],
    [14, 10, -160.0000, -108.8877, -60.0000, -50.0000],
    [14, 11, -140.0000, -93.3305, -60.0000, -50.0000],
    [14, 12, -120.0000, -77.7732, -60.0000, -50.0000],
    [14, 13, -100.0000, -62.2160, -60.0000, -50.0000],
    [14, 14, -80.0000, -46.6588, -60.0000, -50.0000],
    [14, 15, -60.0000, -31.1015, -60.0000, -50.0000],
    [14, 16, -40.0000, -15.5443, -60.0000, -50.0000],
    [14, 17, -20.0000, 0.0167, -60.0000, -50.0000],
    [14, 18, 0.0000, 20.0167, -60.0000, -50.0000],
    [14, 19, 15.5572, 40.0167, -60.0000, -50.0000],
    [14, 20, 31.1145, 60.0167, -60.0000, -50.0000],
    [14, 21, 46.6717, 80.0167, -60.0000, -50.0000],
    [14, 22, 62.2290, 100.0167, -60.0000, -50.0000],
    [14, 23, 77.7862, 120.0167, -60.0000, -50.0000],
    [14, 24, 93.3434, 140.0167, -60.0000, -50.0000],
    [14, 25, 108.9007, 160.0167, -60.0000, -50.0000],
    [14, 26, 124.4579, 180.0000, -60.0000, -50.0000],
    [14, 27, 140.0151, 180.0000, -60.0000, -50.0000],
    [14, 28, 155.5724, 180.0000, -56.2500, -50.0000],
    [14, 29, 171.1296, 180.0000, -52.3333, -50.0000],
    [14, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [14, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 6, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 7, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 8, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 9, -180.0000, -159.9833, -63.6167, -60.0000],
    [15, 10, -180.0000, -139.9833, -67.1167, -60.0000],
    [15, 11, -180.0000, -119.9833, -70.0000, -60.0000],
    [15, 12, -175.4283, -99.9833, -70.0000, -60.0000],
    [15, 13, -146.1902, -79.9833, -70.0000, -60.0000],
    [15, 14, -116.9522, -59.9833, -70.0000, -60.0000],
    [15, 15, -87.7141, -39.9833, -70.0000, -60.0000],
    [15, 16, -58.4761, -19.9833, -70.0000, -60.0000],
    [15, 17, -29.2380, 0.0244, -70.0000, -60.0000],
    [15, 18, 0.0000, 29.2624, -70.0000, -60.0000],
    [15, 19, 20.0000, 58.5005, -70.0000, -60.0000],
    [15, 20, 40.0000, 87.7385, -70.0000, -60.0000],
    [15, 21, 60.0000, 116.9765, -70.0000, -60.0000],
    [15, 22, 80.0000, 146.2146, -70.0000, -60.0000],
    [15, 23, 100.0000, 175.4526, -70.0000, -60.0000],
    [15, 24, 120.0000, 180.0000, -70.0000, -60.0000],
    [15, 25, 140.0000, 180.0000, -67.1167, -60.0000],
    [15, 26, 160.0000, 180.0000, -63.6167, -60.0000],
    [15, 27, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 28, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 29, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [15, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 6, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 7, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 8, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 9, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 10, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 11, -180.0000, -175.4039, -70.5333, -70.0000],
    [16, 12, -180.0000, -146.1659, -73.8750, -70.0000],
    [16, 13, -180.0000, -116.9278, -77.1667, -70.0000],
    [16, 14, -180.0000, -87.6898, -80.0000, -70.0000],
    [16, 15, -172.7631, -58.4517, -80.0000, -70.0000],
    [16, 16, -115.1754, -29.2137, -80.0000, -70.0000],
    [16, 17, -57.5877, 0.0480, -80.0000, -70.0000],
    [16, 18, 0.0000, 57.6357, -80.0000, -70.0000],
    [16, 19, 29.2380, 115.2234, -80.0000, -70.0000],
    [16, 20, 58.4761, 172.8111, -80.0000, -70.0000],
    [16, 21, 87.7141, 180.0000, -80.0000, -70.0000],
    [16, 22, 116.9522, 180.0000, -77.1583, -70.0000],
    [16, 23, 146.1902, 180.0000, -73.8750, -70.0000],
    [16, 24, 175.4283, 180.0000, -70.5333, -70.0000],
    [16, 25, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 26, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 27, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 28, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 29, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [16, 35, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 0, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 1, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 2, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 3, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 4, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 5, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 6, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 7, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 8, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 9, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 10, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 11, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 12, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 13, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 14, -180.0000, -172.7151, -80.4083, -80.0000],
    [17, 15, -180.0000, -115.1274, -83.6250, -80.0000],
    [17, 16, -180.0000, -57.5397, -86.8167, -80.0000],
    [17, 17, -180.0000, 57.2957, -90.0000, -80.0000],
    [17, 18, -0.0040, 180.0000, -90.0000, -80.0000],
    [17, 19, 57.5877, 180.0000, -86.8167, -80.0000],
    [17, 20, 115.1754, 180.0000, -83.6250, -80.0000],
    [17, 21, 172.7631, 180.0000, -80.4083, -80.0000],
    [17, 22, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 23, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 24, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 25, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 26, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 27, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 28, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 29, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 30, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 31, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 32, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 33, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 34, -999.0000, -999.0000, -99.0000, -99.0000],
    [17, 35, -999.0000, -999.0000, -99.0000, -99.0000]
]


[docs]def findTiles(bbox):
    """Returns the tile IDs that need to be downloaded for
    a given region bounded by *bbox*."""
    log = logging.getLogger(__name__)

    def intersects(bbox, tile):
        if tile[2] != -999.0 and tile[3] != -999.0 and tile[4] != -99.0 and tile[5] != -99.0:
            tiler = ogr.Geometry(ogr.wkbLinearRing)
            tiler.AddPoint(tile[2], tile[4])
            tiler.AddPoint(tile[3], tile[4])
            tiler.AddPoint(tile[3], tile[5])
            tiler.AddPoint(tile[2], tile[5])
            tiler.AddPoint(tile[2], tile[4])
            polyr = ogr.Geometry(ogr.wkbPolygon)
            polyr.AddGeometry(tiler)
            bboxr = ogr.Geometry(ogr.wkbLinearRing)
            bboxr.AddPoint(bbox[0], bbox[1])
            bboxr.AddPoint(bbox[2], bbox[1])
            bboxr.AddPoint(bbox[2], bbox[3])
            bboxr.AddPoint(bbox[0], bbox[3])
            bboxr.AddPoint(bbox[0], bbox[1])
            polyb = ogr.Geometry(ogr.wkbPolygon)
            polyb.AddGeometry(bboxr)
            return polyr.Intersects(polyb)
        else:
            return False
    if bbox is None:
        log.warning("No bounding box provided for MODIS dataset. Skipping download!")
        ids = None
    else:
        ids = [(t[0], t[1]) for t in tiles if intersects(bbox, t)]
    return ids
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  Source code for datasets.mcd15

""" RHEAS module for retrieving MODIS Leaf Area Index data (MCD15 product).

.. module:: mcd15
   :synopsis: Retrieve MODIS LAI data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import modis
import tempfile
import dbio
from lxml import html
import re
import subprocess
import glob
import shutil
import datasets
from datetime import timedelta
import requests
import logging


table = "lai.modis"
username = "rheas"
password = "nasaRhea5"


[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts



[docs]def download(dbname, dts, bbox):
    """Downloads the combined MODIS LAI data product MCD15 for
    a specific date *dt* and imports them into the PostGIS database *dbname*."""
    log = logging.getLogger(__name__)
    res = 0.01
    burl = "http://e4ftl01.cr.usgs.gov/MOTA/MCD15A2.005"
    tiles = modis.findTiles(bbox)
    if tiles is not None:
        for dt in [dts[0] + timedelta(dti) for dti in range((dts[-1] - dts[0]).days + 1)]:
            outpath = tempfile.mkdtemp()
            url = "{0}/{1:04d}.{2:02d}.{3:02d}".format(
                burl, dt.year, dt.month, dt.day)
            req = requests.get(url, auth=(username, password))
            if req.status_code == 200:
                dom = html.fromstring(req.text)
                files = [link for link in dom.xpath('//a/@href')]
                if len(files) > 0:
                    filenames = [filter(lambda s: re.findall(r'MCD.*h{0:02d}v{1:02d}.*hdf$'.format(t[1], t[0]), s), files) for t in tiles]
                    for filename in filenames:
                        if len(filename) > 0:
                            filename = filename[0]
                            proc = subprocess.Popen(["wget", "-L", "--load-cookies", ".cookiefile", "--save-cookies", ".cookiefile", "--user", username, "--password", password, "{0}/{1}".format(url, filename), "-O", "{0}/{1}".format(outpath, filename)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                            out, err = proc.communicate()
                            log.debug(out)
                            proc = subprocess.Popen(["gdal_translate", "HDF4_EOS:EOS_GRID:{0}/{1}:MOD_Grid_MOD15A2:Lai_1km".format(
                                outpath, filename), "{0}/{1}".format(outpath, filename).replace("hdf", "tif")], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                            out, err = proc.communicate()
                            log.debug(out)
                    tifs = glob.glob("{0}/*.tif".format(outpath))
                    if len(tifs) > 0:
                        proc = subprocess.Popen(["gdal_merge.py", "-o", "{0}/lai.tif".format(outpath)] + tifs, stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                        out, err = proc.communicate()
                        log.debug(out)
                        proc = subprocess.Popen(["gdal_calc.py", "-A", "{0}/lai.tif".format(outpath), "--outfile={0}/lai1.tif".format(outpath), "--NoDataValue=-9999", "--calc=\"(A<101.0)*(0.1*A+9999.0)-9999.0\""], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                        out, err = proc.communicate()
                        log.debug(out)
                        proc = subprocess.Popen(["gdalwarp", "-t_srs", "'+proj=latlong +ellps=sphere'", "-tr", str(res), str(-res), "{0}/lai1.tif".format(outpath), "{0}/lai2.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                        out, err = proc.communicate()
                        log.debug(out)
                        proc = subprocess.Popen(["gdal_translate", "-a_srs", "epsg:4326", "{0}/lai2.tif".format(outpath), "{0}/lai3.tif".format(outpath)], stdout=subprocess.PIPE, stderr=subprocess.STDOUT)
                        out, err = proc.communicate()
                        log.debug(out)
                        dbio.ingest(
                            dbname, "{0}/lai3.tif".format(outpath), dt, table, False)
                    shutil.rmtree(outpath)
            else:
                log.warning("MCD15 data not available for {0}. Skipping download!".format(
                    dt.strftime("%Y-%m-%d")))






          

      

      

    


    
        © Copyright 2015, Kostas Andreadis.
      Created using Sphinx 1.3.5.
    

  

_modules/datasets/rfe2.html


    
      Navigation


      
        		
          index


        		
          modules |


        		RHEAS 0.2 documentation »


          		Module code »


          		datasets »

 
      


    


    
      
          
            
  Source code for datasets.rfe2

""" RHEAS module for retrieving the RFEv2 rainfall data stored
    at the IRI Data Library.

.. module:: rfe2
   :synopsis: Retrieve RFEv2 rainfall data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from datasets.decorators import geotiff, http
from datetime import timedelta
import datasets


table = "precip.rfe2"


@geotiff
@http
[docs]def fetch(dbname, dt, bbox):
    """Downloads RFE2 rainfall data from the data server."""
    url = "http://ftp.cpc.ncep.noaa.gov/fews/fewsdata/africa/rfe2/geotiff/africa_rfe.{0:04d}{1:02d}{2:02d}.tif.zip"
    return url, bbox, dt



[docs]def download(dbname, dts, bbox=None):
    res = 0.10
    for dt in [dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]:
        data, lat, lon, t = fetch(dbname, dt, bbox)
        datasets.ingest(dbname, table, data, lat, lon, res, t)



[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts
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  Source code for datasets.ncep

""" RHEAS module for retrieving maximum and minimum
temperature from the NCEP Reanalysis stored at the IRI Data Library.

.. module:: ncep
   :synopsis: Retrieve NCEP meteorological data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import netCDF4 as netcdf
import numpy as np
import os
import dbio
import datasets
from decorators import resetDatetime
import logging
from datetime import timedelta, datetime


[docs]def dates(dbname):
    dts = datasets.dates(dbname, "wind.ncep")
    return dts



def _downloadVariable(varname, dbname, dt, bbox=None):
    """Download specific variable from the NCEP Reanalysis dataset."""
    log = logging.getLogger(__name__)
    res = 1.875
    baseurl = "http://www.esrl.noaa.gov/psd/thredds/dodsC/Datasets/ncep.reanalysis.dailyavgs/surface_gauss"
    if varname == "tmax":
        urls = ["{0}/tmax.2m.gauss.{1}.nc".format(baseurl, dt[0].year)]
        dsvar = ["tmax"]
    elif varname == "tmin":
        urls = ["{0}/tmin.2m.gauss.{1}.nc".format(baseurl, dt[0].year)]
        dsvar = ["tmin"]
    else:
        urls = ["{0}/uwnd.10m.gauss.{1}.nc".format(baseurl, dt[0].year), "{0}/vwnd.10m.gauss.{1}.nc".format(baseurl, dt[0].year)]
        dsvar = ["uwnd", "vwnd"]
    data = None
    for ui, url in enumerate(urls):
        pds = netcdf.Dataset(url)
        lat = pds.variables["lat"][:]
        lon = pds.variables["lon"][:]
        lon[lon > 180] -= 360.0
        i1, i2, j1, j2 = datasets.spatialSubset(np.sort(lat)[::-1], np.sort(lon), res, bbox)
        t = pds.variables["time"]
        tt = netcdf.num2date(t[:], units=t.units)
        ti = [tj for tj in range(len(tt)) if resetDatetime(tt[tj]) >= dt[0] and resetDatetime(tt[tj]) <= dt[1]]
        if len(ti) > 0:
            lati = np.argsort(lat)[::-1][i1:i2]
            loni = np.argsort(lon)[j1:j2]
            if data is None:
                data = pds.variables[dsvar[ui]][ti, lati, loni]
            else:
                data = np.sqrt(
                    data ** 2.0 + pds.variables[dsvar[ui]][ti, lati, loni] ** 2.0)
            if "temp" in dsvar:
                data -= 273.15
        lat = np.sort(lat)[::-1][i1:i2]
        lon = np.sort(lon)[j1:j2]
    table = "{0}.ncep".format(varname)
    for t in range(len(ti)):
        filename = dbio.writeGeotif(lat, lon, res, data[t, :, :])
        dbio.ingest(dbname, filename, tt[ti[t]], table)
        os.remove(filename)
    for dtt in [dt[0] + timedelta(days=tj) for tj in range((dt[-1]-dt[0]).days + 1)]:
        if dtt not in tt:
            log.warning("NCEP data not available for {0}. Skipping download!".format(
                dtt.strftime("%Y-%m-%d")))


[docs]def download(dbname, dts, bbox=None):
    """Downloads NCEP Reanalysis data from the IRI data server,
    and imports them into the database *db*. Optionally uses a bounding box to
    limit the region with [minlon, minlat, maxlon, maxlat]."""
    # for dt in [dts[0] + timedelta(tt) for tt in range((dts[1] - dts[0]).days + 1)]:
    years = range(dts[0].year, dts[-1].year + 1)
    for yr in years:
        dt = [max(datetime(yr, 1, 1), dts[0]), min(datetime(yr, 12, 31), dts[-1])]
        for varname in ["tmax", "tmin", "wind"]:
            _downloadVariable(varname, dbname, dt, bbox)
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  Source code for datasets.cmorph

""" RHEAS module for retrieving the CMORPH rainfall data (daily mean morphed) stored
    at the IRI Data Library.

.. module:: cmorph
   :synopsis: Retrieve CMORPH rainfall data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

from datasets.decorators import netcdf
from datetime import timedelta
import datasets


table = "precip.cmorph"


@netcdf
[docs]def fetch(dbname, dts, bbox):
    """Downloads CMORPH rainfall data from the IRI data server,
    and imports them into the database *db*. Optionally uses a bounding box to
    limit the region with [minlon, minlat, maxlon, maxlat]."""
    url = "http://iridl.ldeo.columbia.edu/SOURCES/.NOAA/.NCEP/.CPC/.CMORPH/.daily/.mean/.morphed/.cmorph/dods"
    varname = "cmorph"
    return url, varname, bbox, dts



[docs]def download(dbname, dts, bbox=None):
    res = 0.25
    data, lat, lon, dts = fetch(dbname, dts, bbox)
    for t, dt in enumerate([dts[0] + timedelta(tt) for tt in range((dts[-1] - dts[0]).days + 1)]):
        datasets.ingest(dbname, table, data[t, :, :], lat, lon, res, dt)



[docs]def dates(dbname):
    dts = datasets.dates(dbname, table)
    return dts
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  Source code for datasets.iri

""" RHEAS module for retrieving meteorological forecasts/hindcasts
from the IRI FD Seasonal Forecast Tercile Probabilities.

.. module:: iri
   :synopsis: Retrieve IRI meteorological forecast data

.. moduleauthor:: Kostas Andreadis <kandread@jpl.nasa.gov>

"""

import datasets
import dbio
import netCDF4 as netcdf
import os
import random
import string
import numpy as np
from datetime import date
from dateutil.relativedelta import relativedelta
import logging


[docs]def dates(dbname):
    dts = datasets.dates(dbname, "precip.iri")
    return dts



[docs]def ingest(dbname, filename, dt, lt, cname, stname):
    """Imports Geotif *filename* into database *dbname*."""
    db = dbio.connect(dbname)
    cur = db.cursor()
    schemaname, tablename = stname.split(".")
    cur.execute(
        "select * from information_schema.tables where table_schema='{0}' and table_name='{1}'".format(schemaname, tablename))
    if not bool(cur.rowcount):
        cur.execute("create table {0}.{1} (rid serial not null primary key, fdate date, tercile text, leadtime int, rast raster)".format(
            schemaname, tablename))
        db.commit()
    cur.execute("select * from {0} where fdate='{1}' and tercile = '{2}' and leadtime = {3}".format(stname, dt.strftime("%Y-%m-%d"), cname, lt))
    if bool(cur.rowcount):
        cur.execute("delete from {0} where fdate='{1}' and tercile = '{2}' and leadtime = {3}".format(stname, dt.strftime("%Y-%m-%d"), cname, lt))
        db.commit()
    dbio.ingest(dbname, filename, dt, stname, False, False)
    sql = "update {0} set tercile = '{1}' where tercile is null".format(
        stname, cname)
    cur.execute(sql)
    sql = "update {0} set leadtime = '{1}' where leadtime is null".format(
        stname, lt)
    cur.execute(sql)
    db.commit()
    cur.close()



[docs]def download(dbname, dts, bbox=None):
    """Downloads IRI forecast tercile probability data from the IRI data server,
    and imports them into the database *dbname*. Optionally uses a bounding box to
    limit the region with [minlon, minlat, maxlon, maxlat]."""
    leadtime = 3
    res = 2.5
    baseurl = "http://iridl.ldeo.columbia.edu/SOURCES/.IRI/.FD/.Seasonal_Forecast/.{0}/.prob/dods"
    table = {"Precipitation": "precip.iri", "Temperature": "tmax.iri"}
    for varname in ["Precipitation", "Temperature"]:
        purl = baseurl.format(varname)
        pds = netcdf.Dataset(purl)
        lat = pds.variables["Y"][:]
        lon = pds.variables["X"][:]
        lon[lon > 180] -= 360.0
        i1, i2, j1, j2 = datasets.spatialSubset(np.sort(lat)[::-1], np.sort(lon), res, bbox)
        lati = np.argsort(lat)[::-1][i1:i2]
        loni = np.argsort(lon)[j1:j2]
        lat = np.sort(lat)[::-1][i1:i2]
        lon = np.sort(lon)[j1:j2]
        t = pds.variables["F"][:]
        ti = [tt for tt in range(len(t)) if t[tt] >= ((dts[0].year - 1960) * 12 + dts[0].month - 0.5) and t[tt] <= ((dts[1].year - 1960) * 12 + dts[1].month - 0.5)]
        for tt in ti:
            dt = date(1960, 1, 1) + relativedelta(months=int(t[tt]))
            for m in range(leadtime):
                for ci, c in enumerate(["below", "normal", "above"]):
                    data = pds.variables["prob"][tt, m, lati, loni, ci]
                    filename = dbio.writeGeotif(lat, lon, res, data)
                    ingest(dbname, filename, dt, m + 1, c, table[varname])
                    os.remove(filename)



def _getResampledTables(dbname, options, res):
    """Find names of resampled raster tables."""
    rtables = {}
    db = dbio.connect(dbname)
    cur = db.cursor()
    for v in ['precip', 'tmax', 'tmin', 'wind']:
        tname = options['vic'][v]
        cur.execute(
            "select * from raster_resampled where sname='{0}' and tname like '{1}%' and resolution={2}".format(v, tname, res))
        rtables[v] = cur.fetchone()[1]
    cur.close()
    db.close()
    return rtables


def _deleteTableIfExists(dbname, sname, tname):
    """Check if table exists and delete it."""
    db = dbio.connect(dbname)
    cur = db.cursor()
    cur.execute(
        "select * from information_schema.tables where table_schema='{0}' and table_name='{1}'".format(sname, tname))
    if bool(cur.rowcount):
        cur.execute("drop table {0}.{1}".format(sname, tname))
        db.commit()
    cur.close()
    db.close()


def _resampleClimatology(dbname, ptable, name, dt0):
    """Resample finer scale climatology to IRI spatial resolution."""
    tilesize = 10
    res = 2.5
    db = dbio.connect(dbname)
    cur = db.cursor()
    cur.execute(
        "select * from pg_catalog.pg_class c inner join pg_catalog.pg_namespace n on c.relnamespace=n.oid where n.nspname='precip' and c.relname='{0}_iri'".format(ptable))
    if not bool(cur.rowcount):
        sql = "create table precip.{1}_iri as (with f as (select fdate,st_tile(st_rescale(rast,{0},'average'),{2},{2}) as rast from precip.{1}) select fdate,rast,dense_rank() over (order by st_upperleftx(rast),st_upperlefty(rast)) as rid from f)".format(
            res, ptable, tilesize)
        cur.execute(sql)
        cur.execute(
            "create index {0}_iri_r on precip.{0}_iri(rid)".format(ptable))
        cur.execute(
            "create index {0}_iri_t on precip.{0}_iri(fdate)".format(ptable))
        db.commit()
    _deleteTableIfExists(dbname, 'precip', "{0}_iri_xy".format(ptable))
    sql = "create table precip.{0}_iri_xy as (select gid,st_worldtorastercoordx(rast,geom) as x,st_worldtorastercoordy(rast,geom) as y,rid as tile from precip.{0}_iri,{1}.basin where fdate=date'{2}-{3}-{4}' and st_intersects(rast,geom))".format(
        ptable, name, dt0.year, dt0.month, dt0.day)
    cur.execute(sql)
    db.commit()
    cur.execute(
        "create index {0}_iri_xy_r on precip.{0}_iri_xy(tile)".format(ptable))
    db.commit()
    cur.close()
    db.close()


def _getForcings(e, dbname, ptable, rtables, name, dt0, dt1):
    """Extract meteorological forcings for ensemble member."""
    db = dbio.connect(dbname)
    cur = db.cursor()
    data = {}
    for v in ['precip', 'tmax', 'tmin', 'wind']:
        temptable = ''.join(random.SystemRandom().choice(
            string.ascii_letters) for _ in range(8))
        sql = "create table {7} as (with f as (select gid,st_worldtorastercoordx(rast,geom) as xf,st_worldtorastercoordy(rast,geom) as yf,rid as ftile from {6}.{0},{1}.basin where fdate=date'{2}-{3}-{4}' and st_intersects(rast,geom)) select c.gid,xf,yf,x,y,ftile as tile from f inner join precip.{5}_iri_xy as c on c.gid=f.gid)".format(
            rtables[v], name, dt0.year, dt0.month, dt0.day, ptable, v, temptable)
        cur.execute(sql)
        db.commit()
        cur.execute("create index {0}_r on {0}(tile)".format(temptable))
        db.commit()
        sql = "select gid,fdate,st_value(rast,xf,yf) from {6}.{0},{7} as xy inner join iri_years as i on xy.x=i.x and xy.y=i.y where ens={2} and rid=tile and fdate>=date(concat_ws('-',yr,'{3}-{4}')) and fdate<=(date(concat_ws('-',yr,'{3}-{4}'))+interval'{5} days') order by gid,fdate".format(
            rtables[v], ptable, e + 1, dt0.month, dt0.day, (dt1 - dt0).days, v, temptable)
        cur.execute(sql)
        data[v] = cur.fetchall()
        cur.execute("drop table {0}".format(temptable))
        db.commit()
    cur.close()
    db.close()
    return data


[docs]def generate(options, models):
    """Generate meteorological forecast forcings by resampling fine-scale climatology."""
    log = logging.getLogger(__name__)
    options['vic']['tmax'] = options['vic']['temperature']
    options['vic']['tmin'] = options['vic']['temperature']
    leadtime = 3
    db = dbio.connect(models.dbname)
    cur = db.cursor()
    name = models.name
    dt0 = date(models.startyear, models.startmonth, models.startday)
    dt1 = date(models.endyear, models.endmonth, models.endday)
    dtf = dt0 - relativedelta(months=1)  # forecast initialization date
    months = [(dt0 + relativedelta(months=t)).month for t in range(leadtime)]
    # check if forecast date exists in IRI data
    sql = "select count(*) from precip.iri where fdate=date '{0}-{1}-{2}'".format(
        dtf.year, dtf.month, dtf.day)
    cur.execute(sql)
    if bool(cur.rowcount):
        ptable = options['vic']['precip']
        # find resampled raster tables
        rtables = _getResampledTables(models.dbname, options, models.res)
        # resample climatology to IRI spatial resolution as a table
        _resampleClimatology(models.dbname, ptable, name, dt0)
        # calculate the annual accumulated precipitation using only the months
        # within the forecast period
        _deleteTableIfExists(models.dbname, 'public', 'iri_psum')
        sql = "create table iri_psum as (with f as (select distinct x,y,tile from precip.{0}_iri_xy) select x,y,date_part('year',fdate) as yr,sum(st_value(rast,x,y)) as psum,row_number() over (partition by x,y) as rid from f,precip.{0}_iri where rid=tile and ({1}) group by x,y,yr order by x,y,psum)".format(
            ptable, " or ".join(["date_part('month',fdate)={0}".format(m) for m in months]))
        cur.execute(sql)
        db.commit()
        # retrieve probabilities from IRI seasonal forecast
        _deleteTableIfExists(models.dbname, 'public', 'iri_probs')
        sql = "create table iri_probs as (with f as (select x,y,st_pixelaspoint(rast,x,y) as geom from precip.{0}_iri_xy,precip.{0}_iri where rid=tile and fdate=date'{1}-{2}-{3}') select x,y,st_value(rast,geom) as prob,tercile,leadtime from f,precip.iri where fdate=date'{1}-{2}-{3}')".format(
            ptable, dt0.year, dt0.month, dt0.day)
            # ptable, dt0.year, dt0.month, dt0.day, dtf.year, dtf.month, dtf.day)
        cur.execute(sql)
        cur.execute("alter table iri_probs add column pg int")
        for ti, t in enumerate(['below', 'normal', 'above']):
            cur.execute(
                "update iri_probs set pg={0} where tercile='{1}'".format(ti + 1, t))
        db.commit()
        # get number of years in climatology
        cur.execute("select count(distinct(yr)) from iri_psum")
        nyears = int(cur.fetchone()[0])
        # assign probability weights to each year
        # FIXME: It seems like the IRI NetCDFs have null values for lead times
        # > 1 month. Just using lead time of 1 month for now
        _deleteTableIfExists(models.dbname, 'public', 'iri_pw')
        sql = "create table iri_pw as (with s as (select x,y,yr,psum,rid/({0}/3+1)+1 as pg from iri_psum) select s.x,s.y,s.yr,psum,1.0/{1}*prob/100.0 as weight from s inner join iri_probs as p on p.x=s.x and p.y=s.y and s.pg=p.pg where leadtime=1)".format(
            nyears, nyears / 3.0)
        cur.execute(sql)
        db.commit()
        # sample years based on probability weights
        _deleteTableIfExists(models.dbname, 'public', 'iri_years')
        sql = "create table iri_years as (with f as (select x,y,yr,sum(weight) over (partition by x,y order by psum) as w1, sum(weight) over (partition by x,y order by psum) - weight as w2 from iri_pw), r as (select n as ens,random() as s from generate_series(1,{0}) as x(n)) select x,y,yr,ens from f,r where s>=w2 and s<w1)".format(
            models.nens)
        cur.execute(sql)
        db.commit()
        # retrieve and write forcing data
        for e in range(models.nens):
            data = _getForcings(e, models.dbname, ptable,
                                rtables, name, dt0, dt1)
            models[e].writeForcings(data['precip'], data['tmax'], data[
                                    'tmin'], data['wind'])
    else:
        log.warning("IRI forecast was not issued for requested date {0}.".format(dt0))
    # Clean-up temporary tables
    cur.execute("drop table precip.{0}_iri_xy".format(ptable))
    cur.execute("drop table iri_psum")
    cur.execute("drop table iri_probs")
    cur.execute("drop table iri_years")
    cur.close()
    db.close()
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