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This system description document contains a description of the GOES Surface and Insolation Products (GET-D) data processing system.  A system overview contains information on the GET-D application, GET-D input and output products, and an operational scenario of how the GET-D system runs.  Subsequent sections describe the system operating environment, system processes, and system programs.

Additional information on GET-D input and output products may be found in the GET-D Interface Control Document (ICD).  Information on servers from which inputs are downloaded is contained in the ICD. Information on installing and compiling the GET-D system, along with system monitoring, recovery of processing failures, and long-term maintenance, may be found in the GET-D System Maintenance Manual.

This SDD is based on SDD for GET-D version 1.0 by Z. Li, NOAA, Aug 2015.
1.0 SYSTEM OVERVIEW TC "1.0 SYSTEM OVERVIEW" \f C \l "1" 
1.1 Application Overview TC "1.1 Application Overview" \f C \l "2" 
The GOES Evapotraspiration (ET) and Drought Product (GET-D) processing system is a near real-time operational system for generating products related to drought monitoring. Data from the GOES-EAST and GOES-WEST Imager instrument, are the primary inputs. Outputs include (among others) daily fluxes for the ET, and composited Evaporative Stress Indexes (ESI). Other fluxes such as latent heat are calculated from GOES surface radiance using Atmosphere-Land Exchange Inversion model (ALEXI).  The primary output products are the daily ET, and 2, 4, 8, 12 weeks composite Evaporative stress index (ESI). 
This version 1.0 of the GET-D system is developed from the research codes with updates to use the LAI information from VIIRS reflectance data. The coverage is extended to the North American domain with 8 km spatial resolution.
1.3 Operational Scenario TC "1.3 Operational Scenario" \f C \l "2" 
The GET-D system is fully automated, requiring no regular operator intervention. System features processing of all the inputs (CFS, GENHEM, GWNHEM, GSIP, VIIRS, and IMS snow mask). Each day, the system downloads GOES-East and GOES-West Imager Northern Hemisphere Extended domains after all the data processing were done. The inputs of NCEP Global Forecast System (CFS) forecast fields are downloaded every 6 hours. GSIP L2 product are downloaded every hour. VIIRS GVF EVI data and IMS Snow coverage are downloaded daily.
Table 1. Satellite input data files.
	Data Source
	Specifications
	Resolution
	Format
	Size
(Daily)

	CFS
	Forecast hour 

00 and 03 at 

00, 06, 12, 18
	0.5 degree
	GRIB2
	120 MB

	GOES East
	Band 01, 02, 04
	4km
	McIDAS
	500 GB

	GOES West
	Band 01, 02, 04
	4km
	McIDAS
	500 GB

	GSIP
	L2 product
	4km
	NetCDF
	20GB

	VIIRS
	GVF EVI
	375m
	HDF5
	2.5 GB

	IMS
	Daily Northern Hemisphere Snow and Ice Analysis
	24 km
	ASCII
	1 MB


Pre-processing of the CFS forecast fields, GSIP and IMS Snow is performed upon all the downloads of the daily files. For example, CFS pre-processing will not start until all the 8 data files are downloaded. 
The GET-D main processing generates a composite of visible (Channel-1) data (for each domain) from the previous 28 days by selecting the darkest Channel-1 pixel within the 28 days.  Through the process of selecting the darkest pixel, clouds are removed. (This composite is referred to as the clear composite, but is also sometimes referred to as the 28-day composite, or dark composite). GET-D processing calculates cloud properties, radiative fluxes and surface temperature from the inputs.  The main processing utilizes the GET-D software, provided by University of Wisconsin.  In all, there are 49 parameters written to the output file.  Outputs are generated for each domain and hour in three output data formats (HDF, binary, netCDF) and gzip-compressed.  Images are also generated for most of the 49 output parameters for routine production monitoring and science monitoring.
Every day, at specific hour, global daily average (GDA) processing starts. It uses 6-domain GET-D V3 output kept for this purpose on the system disk for 72 consecutive hours. 
The globe is divided by meridians into 4 zones of best viewing conditions for each of 4 GET-D satellites. On such a meridian, the viewing angles of neighboring satellites are equal. The meridians are chosen to correspond to local time boundaries. 

Within a zone, only data from the best-viewing satellite are used. For every local time zone, the data from the best-viewing satellite are used for 0-24 period of local time. Therefore, each zone uses 24+n hourly outputs of corresponding GET-D domain, where n denotes the zone length in hours.
GDA processing uses only netCDF format of GET-D data and outputs daily ET and ESI results in both netCDF and GRBI2 file formats.
Processing is scheduled through the shell scripts. Processing failures are reported automatically to operations personnel through email warning messages.  Recovery of failures requires the manual use of recovery scripts and drivers.  There is one recovery script for each stage of download and processing.  Driver scripts combine the recovery scripts to recover any type of failure, including processing failures, delayed inputs, and disk crashes (lost outputs).  All failures are recoverable as long as the inputs are available.  Recovery can be made over any time range (e.g. outputs lost for X days).  Recovery processing runs simultaneously with the current near-realtime processing, i.e. recovery processing does not interfere with current GET-D processing.
Also the operations personnel may routinely browse through the GET-D monitoring web site.  The HTML code for displaying the images (generated during GET-D production) has been provided to OSDPD. Routine monitoring will ensure the system is running normally.

More detail on system monitoring, recovery, and system maintenance is available in the GET-D System Maintenance Manual.

Information on compiling and running GET-D is available in the GET-D System Maintenance Manual.
2.0 OPERATING ENVIRONMENT TC "2.0 OPERATING ENVIRONMENT" \f C \l "1" 


2.1 Hardware Environment TC "2.1 Hardware Environment" \f C \l "2" 
GET-D process for each day was tested on a 64-bit Linux machine with 80 CPUs and 128 GB memory. Full-size GET-D system took up to ??? processors (a function of time overlap between individual processes) and less than ??? GB of memory. The longest GET-D process (GSIP data processing) was performed around 30 minutes, mainly due to I/O processes. Full-size GET-D process consumed about 320 GB of disk space a day for all outputs (gzipped) and system inputs remaining on the disk. The largest data is from VIIRS reflectance inputs which takes about 300 GB. With the usage of the GVF EVI inputs, the data size is reduced to about 20 GB.   The break-up of daily disk use on test machine (about 110 GB) is as follows: (i) Input data must be stored for 7 days - 140 GB; (ii) Intermediate data should be stored for 7 days - ; (iii) processed output is up to 20 GB; (iv) ancillary data 500 GB. Robust configuration would add 5-day storage for all inputs to enable reprocessing, and at least 5-day storage for outputs. This calls for assignment of about 1000 GB of disk space for GET-D run.

The system time should be set to UTC.
2.2 Software Environment TC "2.2 Software Environment" \f C \l "2" 
2.2.1 Operating System

The GET-D system runs on the Linux operating system.  STAR uses Red Hat Enterprise 5.8.  The GET-D processing scripts are written in C shell.
2.2.2 Programming Languages and Compilers

The GNU Fortran compiler version 4.4.7 or higher is required. It should use 4-byte default integer. Other required programming languages include C and IDL (for image product generation).  For C, STAR uses the gcc compiler.
2.2.3 Libraries

The software libraries for Hierarchical Data Format (HDF-4), Network Common Data Format (netCDF-3) and GRIB2 format are required.
2.2.4 Additional Software

Additional software needed are GRADS (version 2.1) and wgrib2.
2.3 Directory Description TC "2.3 Directory Description" \f C \l "2" 
The GET-D system includes the following subdirectories under the GET-D main directory:

bin/

include/

lib/

These directories are created when installing the NETCDF, GRIB2 and HDF5 libraries. They contain the library files needed by GET-D programs.
run/
Program executables, configuration files and scripts used to run the program. 
Location of GET-D processing scripts, symbolic links needed for Fortran execution, and file listings for data composite processing (text files).  In addition, the GET-D main processing temporary files and created (and deleted) here.
Location of scripts for copying GET-D results to other network locations.  

IDL/
Location where IDL processing codes for GOES Imager data are downloaded. Upon download, the GOES data will be processed with these codes. 
IDL program files for image generation. 
src/

Source code for each program that is part of the GET-D processing system. Object and include directories are present.

alexi90/

FORTRAN 90 code of ALEXI model.
obj/


Object files during the compiling process.

c_tools/

C codes for some utilities used in GETD processing.

evi/

CPP codes for VIIRS EVI aggregation.

baseforcing/

core/

interp/

params/
postprocess/
utils/


FORTRAN 90 source codes for GET-D project.
lib/include/

GRIB2 library include file used for GET-D compiling.

make/

Make file to compile the GET-D executable programs.
data/ 

Location where input, intermediate and output data are stored. It contains the following directories.
ALEXI_LAI/
LAI inputs for ALEXI model run in North America domain.

ALEXI_LST/
Land surface inputs for ALEXI model run in North America domain.

ALEXI_MET/
Meteorological inputs for ALEXI model run in North America domain.

ALEXI_SNOW/
Snow mask inputs for ALEXI model run in North America domain.

CFS /

CFS files downloaded from NCEP (in subdirectory /CFS_ftp) in GRIB2 format. It is in global domain.

CFS_COMMON/

Processed CFS data in binary format. 

climo/

EAST_MASK/
WEST_MASK/

This is a temporary directory contains the climatology data files for daily GOES data processing needs. The data are copied from the static/

ET/

GET-D output daily ET and other fluxes binary data files.

ESI/

GET-D output daily and composite ESI binary data files.

EVI/

EVI extracted from global domain into North America domain in binary format.

GOES/
EAST/
WEST/

GOES Imager data are downloaded. Upon download, the GOES data are stored in subdirectories EAST (GENHEM) and WEST(GWNHEM).
GSIP/

EAST/
WEST/

GSIP data files are downloaded and saved here with original NETCDF format.

UTP/

Processed the 24 hours insolation data are stored here in binary format.

LST/
EAST/

WEST/

GOES land surface temperature after atmospheric correction for two morning times.
static/

Static data files containing climatology, land mask and other data needed for GET-D processing.


ESI/

Retrospective data used for ESI anomaly calculation.


inso/

Climatology insolation data for two morning times.

EAST_MASK/
CHAN_DIFF_NEG_DIFF_SMOOTH  

MAX_TB11_SMOOTH  

VIS_ALBEDO_SMTH

CHAN_DIFF_POS_DIFF_SMOOTH  

SUNRISE


WEST_MASK/

CHAN_DIFF_NEG_DIFF_SMOOTH  

MAX_TB11_SMOOTH  

VIS_ALBEDO_SMTH

CHAN_DIFF_POS_DIFF_SMOOTH  

SUNRISE


Climatology data in GOES domains to used for cloud masking.

product/
Output images for webpage usage.
Output data files in NETCDF and GRIB2 format.

SNOWMASK/

IMS Snow files downloaded in ASCII format.  

TRAD/
EAST/

WEST/

GOES surface radiance for two morning times.

weekly_evi/
VIIRS global GVF EVI data in binary format.
tmp/

A temporaty file holding intermediate data
3.0 PROCESS DESCRIPTION TC "3.0 PROCESS DESCRIPTION" \f C \l "1" 


    The GET-D processing system consists of three stages: Input data download and pre-processing, ET computation with ALEXI model and ESI computation, and post-processing. All the processes occur once a day.
The above processes are carried out through a group of C-Shell scripts located in the run/ directory.  These processing scripts are described below.
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Figure 1. GETD daily processing system
3.1 Input Data Download and Pre-processing 

3.1.1 CFS

The start script that starts the CFS download and pre-processing is ????.
After downloaded the input CFS GRIB2 files, the following scripts are executed to extract the meteorological variables for GET-D.

run_daily_SUNTIMES.csh

Generate the sunrise time for the North American (NA) domain and two morning times.

Input files: 
	File name and format
	Description

	sunrise8km_local.cfg
	Configuration file


Intermediate files: 
None

Output files: 

	File name and format
	Description

	/data/ALEXI_MET/YYYYDDD/rise15


	Morning time 1.5 hours after sun rise in local time zone.

	/data/ALEXI_MET/YYYYDDD/rise55
	Morning time 1.5 hours before noon in local time zone.


run_daily_CFS_STEP1.csh
Extract the global CFS 3 hours data in GRIB2 format into 24 hours data in common grid in binary format.
Input files: 

	File name and format
	Description

	GETD_CFS_STEP1.cfg
	Configuration file

	CFSR.cfg
	Configuration file

	/data/CFS/CFSR_20150624_0000_000.grb2

…

/data/CFS/CFSR_20150625_1800_003.grb2


	CFS daily inputs in GRIB2 format.

	/data/static/CFS_landcover_2012.dat
	CFS land cover mask


Intermediate files: 

	File name and format
	Description

	CFSR_UGRD00.dat

….

CFSR_UGRD21.dat


	CFS meteorological variables in global domain in binary format.


Output files: 

	File name and format
	Description

	/data/CFS_COMMON/

height_profile.bin  

pressure_profile.bin  

spfh_profile.bin  

temp_profile.bin

lwdn.bin           

psfc_series.bin       

sun_rise15.bin    

wind_surface.bin

pot_profile.bin     

q2_series.bin         

t2_series.bin
	CFS meteorological variables in common grid in binary format.


run_daily_CFS_STEP2.csh

Extract the common grid data into NA domain for local time.
Input files: 

	File name and format
	Description

	GETD_CFS_STEP2_8km.cfg
	Configuration file

	/data/CFS_COMMON/[YYYYDOY]/ 
t2_series.bin
psfc_series.bin

q2_series.bin

lwdn.bin

wind_surface.bin

temp_profile.bin

pot_profile.bin


	CFS daily inputs in common grid in binary format on day 1 and day 2.

	data/static/region_lc.dat
	Regional land cover file


Intermediate files: 

none

Output files: 

	File name and format
	Description

	GETD_CFS_STEP2_8km.cfg
	Configuration file

	/data/ALEXI_MET/[YYYYDOY]/ 

potential_temp_profile

height_profile

psfc_24h

spfh_24h

temp_24h

wind_24h

lwdn_24h

inso_24h

lwdn55

lwdn15

wind55

wind15

spfh55

spfh15

psfc55

psfc15

temp55

temp15

inso55

inso15

rise55

rise15
	Daily meteorological variables.


3.1.2 GOES
run_daily_IDL.csh
This routine reads in the mcidas GOES area data and writes the data into GOES hourly band data in binary format for GET-D processing. The IDL programs executed are
/IDL/EAST/run_east_band1.pro, run_east_band2.pro and run_east_band4.pro.

/IDL/WEST/run_east_band1.pro, run_east_band2.pro and run_east_band4.pro.

Input files needed: 

	File name and format
	Description

	/data/ GOES_IMAGER/EAST

AREA_GENHEM_3_2015299_0845

……
	GOES EAST AREA files.

	/data/ GOES_IMAGER/WEST

AREA_GWNHEM_6_2015299_1100

……
	GOES WEST AREA files.


Intermediate files: 

none

Output files: 

	File name and format
	Description

	/data/GOES/EAST

GOES_2015_299_BAND2_DC_0045_3464_1827

……

/data/GOES/WEST

GOES_2015_299_BAND2_DC_0045_3464_1827

……
	GOES BAND 1, 2, 4 and lon, lat hourly files.


run_daily_GOES_STEP1.csh
Generate the clear sky surface radiance and cloud mask for GOES EAST and WEST hourly band data.
Input files: 
	File name and format
	Description

	GOES_EAST.cfg
GOES_WEST.cfg
	Configuration files

	/data/GOES/EAST

GOES_2015_299_BAND2_DC_0045_3464_1827

……

/data/GOES/WEST

GOES_2015_299_BAND2_DC_0045_3464_1827

……
	GOES BAND 1, 2, 4 and lon, lat hourly files.

	/data/static/EAST_MASK/MAX_TB11_SMOOTH

/data/static/EAST_MASK/CHAN_DIFF_NEG_DIFF_SMOOTH

/data/static/EAST_MASK/CHAN_DIFF_POS_DIFF_SMOOTH

/data/static/EAST_MASK/VIS_ALBEDO_SMTH

/data/static/EAST_MASK/SUNRISE
	Climatology data for GOES EAST cloud mask.

	/data/static/WEST_MASK/MAX_TB11_SMOOTH

/data/static/WEST_MASK/CHAN_DIFF_NEG_DIFF_SMOOTH

/data/static/WEST_MASK/CHAN_DIFF_POS_DIFF_SMOOTH

/data/static/WEST_MASK/VIS_ALBEDO_SMTH

/data/static/WEST_MASK/SUNRISE
	Climatology data for GOES WEST cloud mask.


Intermediate files: 
	File name and format
	Description

	/data/climo/EAST_MASK/

current_albedo1115.dat

current_max_tb111130.dat

current_neg_diff1130.dat

……

/data/climo/WEST_MASK/

current_albedo1115.dat

current_max_tb111130.dat

current_neg_diff1130.dat

……


	Hourly climatology data used to generate the cloud masks.

	east_files.txt

west_files.txt
	List of file names used in the cloud mask mapping.


Output files: 

	File name and format
	Description

	/data/ TRAD/EAST/
trad1.dat  trad2.dat
/data/TRAD/WEST/
trad1.dat  trad2.dat
	Surface brightness at two morning times 1 and 2.


run_daily_GOES_STEP2.csh
Using MET data and TRAD to do the atmospheric correction to get land surface temperature (LST).
Input files: 
	File name and format
	Description

	ATMO_EAST8km.cfg

ATMO_WEST8km.cfg
	Configuration files.

	/data/ TRAD/EAST/

trad1.dat  trad2.dat

/data/TRAD/WEST/

trad1.dat  trad2.dat
	Surface brightness at two morning times 1 and 2.

	/data/ALEXI_MET/[YYYYDOY]/ 

height_profile.bin
temp_profile.bin

pressure_profile.bin

spfh_profile.bin
	Meteorological profile data.


Intermediate files: 
	File name and format
	Description

	/data/ tmp/

lst1.dat  lst2.dat

tcorr1.dat, tcorr2.dat
dlst
	Land surface temperature at two morning times 1 and 2.

Temperature corrected by atmospheric effects.

Difference between two morning temperatures.


Output files: 

	File name and format
	Description

	/data/ LST/EAST/

lst1.dat  lst2.dat

/data/LST/WEST/

lst1.dat  lst2.dat
	Land surface temperature at two morning times 1 and 2.


run_daily_GOES_STEP3.csh
Combine the GOES EAST and WEST data into the NA domain.
Input files: 
	File name and format
	Description

	GETD_combine_GOES8km.cfg
	Configuration files

	/data/static/

landmask_UMD.1gd4r
	Land mask file. 

	/data/ LST/EAST/

lst1.dat  lst2.dat

/data/LST/WEST/

lst1.dat  lst2.dat
	Land surface temperature at two morning times 1 and 2.


Intermediate files: 
	File name and format
	Description

	out_8km.dat
	EAST and WEST combined results.


Output files: 

	File name and format
	Description

	/data/ ALEXI_MET/[YYYYDOY]/

lst1.dat  lst2.dat


	Land surface temperature at two morning times 1 and 2 in the NA domain.


3.1.3 GSIP
run_daily_GSIP_STEP1_2.csh
Extract the GSIP insolation data from GSIP EAST and WEST into NA domain for 24 hours in UTP time.
Input files: 
	File name and format
	Description

	GSIP_EAST_NA.cfg
GSIP_WEST_NA.cfg

GETD_combine_GSIP8km.cfg

GSIP_step2_NA.cfg
	Configuration files

	/data/ GSIP/EAST/

gsipL2_goes13_GENHEM****.nc

/data/ GSIP/WEST/

gsipL2_goes15_GWNHEM****.nc


	EAST and WEST Hourly GSIP L2 data in NETCDF format.


Intermediate files: 
	File name and format
	Description

	inso_east_na.dat
	Hourly insolation in the EAST and WEST domain in UTP time.




Output files: 

	File name and format
	Description

	/data/ GSIP/UTP/

inso_na_24h_2015320.dat
	24 hours insolation in the NA domain in UTP time.


run_daily_GSIP_STEP3.csh

Get the GSIP insolation data into NA domain with local 24 hours.

Input files: 

	File name and format
	Description

	GSIP_step3_NA.cfg
	Configuration files

	/data/ GSIP/UTP/

inso_na_24h_2015320.dat

inso_na_24h_2015321.dat
	Two days 24 hours insolation in the NA domain in UTP time.

	/data/ ALEXI_MET/[YYYYDOY]/

rise15.bin

rise55.bin
	Local sunrise time in the morning.


Intermediate files: 

	File name and format
	Description

	inso_local_24h.dat

inso15.dat

inso55.dat
	Morning and 24 hours insolation in the EAST and WEST domain in local time.




Output files: 

	File name and format
	Description

	/data/ ALEXI_MET/[YYYYDOY]/

Inso_24h


	24 hours insolation in the NA domain in local time.


3.1.4 VIIRS EVI
run_daily_aggEVI.csh
Generate the global EVI data in binary format from GVF EVI granule inputs.
Input files needed: 

	File name and format
	Description

	EVI_temp.para
	Configuration files

	temp.EVItilelist_s20151105_e20151111.txt
	Tile list file.

	GVF-EVI_s20151105_e20151111_h00v01_c201511132002370.h5
……

GVF-EVI_s20151105_e20151111_h00v02_c201511132002400.h5
	GVF hdf5 files

	data/static/

VIIRS_global_GVF_climatology.h5
	Climatology data.


Intermediate files: 

none

Output files: 

	File name and format
	Description

	/data/weekly_evi/
GVF-WKL-GLB_v1r0_npp_s20151110_e20151116_c201511181046430.dat
	Global EVI data


run_daily_VIIRS_EVI.csh
EVI is extracted to the NA domain.

Input files needed: 

	File name and format
	Description

	VEVI_global1km.cfg
	Configuration files

	/data/weekly_evi/

GVF-WKL-GLB_v1r0_npp_s20151110_e20151116_c201511181046430.dat
	Global EVI data in 0.036º. 


Intermediate files: 

	File name and format
	Description

	/data/ tmp /

evi_na8km.dat

evi_global.dat

	Temporary file used for extract the NA domain.


Output files: 

	File name and format
	Description

	/data/EVI/

VEVI_NA8km_2015322.dat VEVI_NA8km_ [YYYYDOY].dat


	NA domain EVI data in 8km.


run_daily_VIIRS_LAI.csh
Convert the EVI to LAI in the NA domain.
Input files: 

	File name and format
	Description

	LAI_na8km.cfg
	Configuration files

	/data/EVI/

VEVI_NA8km_2015322.dat VEVI_NA8km_ [YYYYDOY].dat


	NA domain EVI data in 8km.

	EVI_b0.dat

EVI_b1.dat
	Regression parameter files


Intermediate files: 

	File name and format
	Description

	/data/ tmp /

lai_8km.dat
	Temporary file used for extract the NA domain.


Output files: 

	File name and format
	Description

	/data/ALEXI_LAI/[YYYYDDD]/VLAI
	8km LAI in the NA domain.


3.1.5 SNOW
run_daily_SNOWMASK.csh
Snow mask is remapped from the IMS Snow polar stereographic grid to GET-D’s pixel-level latitude-longitude grid and extracted to the NA domain.
Input files: 

	File name and format
	Description

	snow24km_8km.cfg
	Configuration files

	/data/ SNOWMASK

VEVI_NA8km_2015322.dat VEVI_NA8km_ [YYYYDOY].dat


	NA domain EVI data in 8km.

	EVI_b0.dat

EVI_b1.dat
	Regression parameter files


Intermediate files: 
	File name and format
	Description

	/data/ tmp /

snow_mask.bin
ims_24km.asc
	Temporary file used for extract the snow mask in the NA domain.


Output files: 

	File name and format
	Description

	/data/ALEXI_ SNOW /[YYYYDDD]/ snow_mask
	8km snow mask in the NA domain.


3.2 ET computation with ALEXI model
run_VLAI_ALEXI.csh
Compute the ET using all the inputs under ALEXI_MET, ALEXI_LAI, ALEXI_SNOW, ALEXI_LST. The outputs are stored in ET and ESI for post-processing.
Input data files: 

	File name and format
	Description

	GETD_NA_8km_VLAI.cfg
	Configuration files

	/data/ALEXI_LAI/[YYYYDDD]/VLAI

/data/ALEXI_MET/[YYYYDDD]

/data/ALEXI_LST/[YYYYDDD]

lst15  lst55

/data/ALEXI_SNOW/[YYYYDDD]

snowmask

/data/static/inso/[YYYYDDD]


	Input data files.

	na8km.domain
	Domain information.

	out_var.list
	Output variable lists.

	/data/static/
landcover_UMD.1gd4r

region_lc.dat

region_aleafn.dat

RSLN_NAMR.dat

RSLV_NAMR.dat

FINAL_RS_CORR_NAMR_WARM_T5T21.dat

region_xl.dat

view_angle.dat


	Static parameter files.


Intermediate files: 

none

Output files: 

	File name and format
	Description

	/data/ET/[YYYYDDD]/
EDAY.bin  

HDAY.bin 

LWUPDAY.bin  

region_qc.bin  

SNETDAY.bin

GDAY.bin

LWDNDAY.bin

SDDAY.bin

XLE2.bin

/data/ESI

XLE2.bin


	8km FLUXes in the NA domain.


3.3  ESI Computation and Post-Processing Steps
run_daily_ESI_compute.csh
Compute the daily fraction of PET with produced ET.
Input files: 

	File name and format
	Description

	ESI_refET8km.cfg
	Configuration files

	/data/ALEXI_MET/[YYYYDDD]

Inso55
Temp55

Spfh55

Psfc55

Wind55

/data/ESI/[YYYYDDD]

XLE2.bin
	Input data files.

	na8km.domain
	Domain information.

	out_var.list
	Output variable lists.


Intermediate files: 

none

Output files: 

	File name and format
	Description

	/data/ESI/[YYYYDDD]/ESI.bin  

/data/ESI/[YYYYDDD]/REF_ET.bin


	8km reference ET and ESI in the NA domain.


run_daily_ESI_smooth.csh
Smooth the daily ESI with retrospective data.

Input files: 
	File name and format
	Description

	smooth_VLAI_ESI8km.cfg
	Configuration files

	/data/ESI/[YYYYDDD]/ESI.bin  


	8km fraction reference ET in the NA domain.

	/data/ALEXI_SNOW/[YYYYDDD]/ 

snow_mask


	Snow mask in the NA domain.


Intermediate files: 
none
Output files: 

	File name and format
	Description

	/data/ESI/[YYYYDOY]/

FPPM_SMN365.bin
	Daily smoothed fPET data in 8km NA domain.


run_daily_ESI_composite.csh
Generate the 2, 4, 8, 12 weeks composite data using retrospective data.

Input files: 
	File name and format
	Description

	GETD_composite_ESI8km.cfg
	Configuration files

	/data/ESI/[YYYYDOY]/

FPPM_SMN365.bin
	Daily ESI data in 8km NA domain.

	/data/static/ESI

AVG_SMN_2001_2014

SD_SMN_2001_2014
	Climatology ESI data.


Intermediate files: 
none
Output files: 
	File name and format
	Description

	/data/ET/[YYYYDOY]/

ESI_1week.bin

NA_DFPPM_02WEEK.dat

NA_DFPPM_04WEEK.dat

NA_DFPPM_08WEEK.dat

NA_DFPPM_12WEEK.dat

ESI_qc.dat


	ESI 1 week composite
ESI 2, 4, 8, 12 weeks composite
ESI qc


run_gen_images.csh
Generate the ESI image for display.

Input files: 

	File name and format
	Description

	GETD_pack_8km.cfg
	Configuration files

	/data/ET/[YYYYDOY]/
NA_DFPPM_02WEEK.dat

NA_DFPPM_04WEEK.dat

NA_DFPPM_08WEEK.dat

NA_DFPPM_12WEEK.dat


	ESI data in 8km NA domain.

	EVI_b0.dat

EVI_b1.dat
	Regression parameter files


Intermediate files: 

none

Output files: 

	File name and format
	Description

	/data/product/[YYYY]/[MM]/ 

20151118_02Week.png
20151118_04Week.png

20151118_08Week.png

20151118_12Week.png
	PNG files


run_daily_GETD_pack.csh
Pack the binary outputs into NETCDF4 and GRIB2 file.
Input files: 
	File name and format
	Description

	GETD_pack_8km.cfg
	Configuration files

	/data/ET/[YYYYDOY]/

NA_DFPPM_02WEEK.dat

NA_DFPPM_04WEEK.dat

NA_DFPPM_08WEEK.dat

NA_DFPPM_12WEEK.dat


	ESI data in 8km NA domain.

	EVI_b0.dat

EVI_b1.dat
	Regression parameter files


Intermediate files: 
none
Output files: 
	File name and format
	Description

	/data/product/

GETD_NETCDF_[YYYYDOY].nc

GETD_NETCDF_[YYYYDOY].grb2


	Output products in NETCDF and GRIB2 file formats.


4.0 PROGRAM DESCRIPTION TC "4.0 PROGRAM DESCRIPTION" \f C \l "1" 
The GET-D system consists of two FOTRAN programs, one CPP program and three C programs that carry out the data processing tasks.  

4.1 Main GET-D Processing Program
The FOTRAN program getd.x conducts the main GET-D data processing.  The generation of land surface temperature, meteorological variables used for calculating ET, vegetation LAI, snow mask occurs in the NA domain.
4.1.1 Source codes

The source codes are in the following directories under /src:

utils/matrix_mod.f90

utils/fft_mod.f90

utils/satangle.f90

utils/spfh_from_rh.f90

utils/sunrise_mod.f90

utils/type_kinds.f90

utils/file_io_mod.f90

interp/convert_matrix.f90

interp/bilinear_interp_input.f90

interp/compute_earth_coord.f90

interp/compute_earth_coord_lambert.f90

utils/map_utils.f90

interp/compute_grid_coord_lambert.f90

interp/compute_grid_coord_mod.f90

interp/compute_grid_coord.f90

interp/nearest_neighbor.f90

interp/compute_grid_coord_lonlat.f90

interp/bilinear_interp.f90

baseforcing/GFS/GFS_cal_profile_mod.f90

baseforcing/GFS/GFS_io_mod.f90

baseforcing/GFS/GFS_interp_mod.f90

baseforcing/GFS/GFS_forcing_mod.f90

baseforcing/NARR/NARR_interp_mod.f90

baseforcing/NARR/NARR_forcing_mod.f90

baseforcing/NARR/NARR_io_mod.f90

baseforcing/NARR/NARR_cal_profile_mod.f90

baseforcing/GOES/GOES_data_mod.f90

baseforcing/GOES/GOES_io_mod.f90

baseforcing/GOES/GOES_interp_mod.f90

baseforcing/GOES/GOES_atmospheric_mod.f90

baseforcing/GOES/GOES_combine_mod.f90

baseforcing/GOES/GOES_get_grid_mod.f90

baseforcing/GOES/GOES_cloud_mask_mod.f90

baseforcing/GSIP/GSIP_io_mod.f90

baseforcing/GSIP/GSIP_data_mod.f90

baseforcing/GSIP/GSIP_interp_mod.f90

baseforcing/SNOWMASK/snowmask_mod.f90

core/GETD_common_grid_mod.f90

core/GETD_log_mod.f90

core/GETD_constants_mod.f90

core/GETD_alexi_grid_mod.f90

core/GETD_daily_mod.f90

core/GETD_io_mod.f90

core/GETD_main.f90

core/GETD_core_mod.f90

params/landcover/land_mask_mod.f90

params/lai/LAI_data_mod.f90

postprocess/ESI_data_mod.f90

postprocess/ESI_composite_mod.f90

postprocess/ESI_smooth_mod.f90

postprocess/pack_outputs_mod.f90

4.1.2 Compiling command

The Make file is src/make/Makefile. Update the library paths if necessary. Use the option ‘getd’ to compile the getd.x file.
$Make getd
An executable file getd.x is under ‘run’ directory.

4.1.3 Operational commands:

Usage: ./getd.x [OPTION...] [FILE] [YEAR] [DOY]

 [OPTION...] - GETD has the following options:

   -combine     use the configuration [FILE] to combine

                the GOES EAST/WEST data into the domain.

   -a           use the configuration [FILE] to compute

                the GOES EAST/WEST brightness temperature

                to land surface temperature.

   -goes        use the configuration [FILE] to process

                the GOES EAST/WEST data.

   -m           use the configuration [FILE] to process

                the regional meteorological data.

   -l           use the configuration [FILE] to process

                the regional landcover data.

   -gsip        use the configuration [FILE] to process

                the GSIP NETCDF data(insolation).

   -sunrise     use the configuration [FILE] to generate

                the sun rise time.

   -snow        use the configuration [FILE] to process

                the snow mask.

   -v           use the configuration [FILE] to process

                the regional vegetation data(LAI).

   -refet       use the configuration [FILE] to

                compute reference ET and ESI

   -smooth      use the configuration [FILE] to smooth the ESI

   -composite   use the configuration [FILE] to compute the composite ESI

   -output      use the configuration [FILE] to

                pack the binary files into GRIB2/NETCDF
4.2 ALEXI Program
The FOTRAN program alexi.x conducts the main GET-D data processing.  The generation of land surface temperature, meteorological variables used for calculating ET, vegetation LAI, snow mask occurs in the NA domain.

4.2.1 Source codes

The source codes are in the src directory:

alexi90/ALEXI_constants_mod.f90

alexi90/type_kinds.f90

alexi90/ALEXI_log_mod.f90

alexi90/ALEXI_data_mod.f90

alexi90/file_io_mod.f90

alexi90/ALEXI_pbl_mod.f90

alexi90/ALEXI_io_mod.f90

alexi90/ALEXI_atmos_mod.f90

alexi90/ALEXI_rad_mod.f90

alexi90/ALEXI_utl_mod.f90

alexi90/ALEXI_core_mod.f90

alexi90/ALEXI_region_utl_mod.f90

alexi90/ALEXI_region_io_mod.f90

alexi90/ALEXI_region_mod.f90

alexi90/ALEXI_run_mod.f90

alexi90/ALEXI_main.f90
4.2.2 Compiling command

The Make file is src/Makefile. Update the library paths if necessary. Use the option ‘alexi’ to compile the alexi.x file.

$Make alexi
An executable file alexi.x should be under ‘run’ directory.

4.2.3 Operational commands:

To run the ALEXI model, execute the following command:

Usage: ./alexi.x [OPTION...] [FILE]

 [OPTION...] - ALEXI has the following running modes

 Single site mode: input is ASCII file, outputs to the screen

   -s [FILE]   use input data in [FILE] to compute daily ET this is for ALEXI90 inputs only.

   -l [FILE]   use input land cover parameters in [FILE] to compute daily ET.
 Region mode: inputs/outputs are binary files

   -r0 [FILE] [YEAR] [DOY]    region ESI model

   -r1 [FILE] [YEAR] [DOY]    region ET model use soil resistance correction

                                                  [FILE] regional configuration file

                                                  [YEAR][DOY] on Year and DOY

 Examples:

alexi.x -s alexi_site.in                   #Compute ET from ASCII file alexi_site.in
                                                      #and landcover.txt(default)

alexi.x -s alexi_site.in -l lc00.txt   #Compute ET from alexi_site.in and use the

                                                      #land cover parameters in the lc00.txt

alexi.x -r0 na8km.cfg 2014 183    #Compute ET map from data files listed

                                                      #in na8km.cfg for day 2014 183
4.3 EVI aggregation Program
The CPP program evi.x conducts the main GET-D data processing.  The generation of land surface temperature, meteorological variables used for calculating ET, vegetation LAI, snow mask occurs in the NA domain.

4.3.1 Source codes

The source codes are in the following directories:

evi/aggGVF_main.cpp

evi/EVI.cpp

evi/GVF.cpp

evi/nc4GVF.cpp

evi/error.cpp

evi/gvfclimat.cpp

evi/GVFUtil.cpp

evi/aggGVF_main.cpp

evi/EVI.cpp

evi/GVF.cpp

evi/nc4GVF.cpp

evi/error.cpp

evi/gvfclimat.cpp

evi/GVFUtil.cpp

evi/error.h

evi/GVFCommonDef.h

evi/nc4GVF.h

evi/EVI.h

evi/GVF.h

evi/observation.h

evi/gvfclimat.h

evi/GVFUtil.h

evi/parameter.h

4.3.2 Compiling command

The Make file is src/Makefile. Update the library paths if necessary. Use the option ‘evi’ to compile the getd.x file.

$Make evi
4.3.3 Operational commands:

To run the EVI aggregation command, a parameter file needs to be generated to provide inputs. A example content of the file (EVI_temp.para) is:

yyyymmdd1 = 20151019

yyyymmdd7 = 20151025

extent    = global

ver_rev   = v1r0

tilelist  = /data/data123/zpli/UnitTest/data/weekly_evi/temp.EVItilelist_s20151019_e20151025.txt

GVFclimatology = /data/data123/zli/UnitTest/data/static/VIIRS_global_GVF_climatology.h5

gvf_dsr   =

area_spec = Areas_for_Statistics.txt

uuid      = 437821d2-92b0-498d-9a10-873c88423140

outdir    = /data/data123/zpli/UnitTest/data/weekly_evi/2015298

A CSHELL script file run_daily_aggEVI.csh can be used to do the process automatically.
$./
4.4 Other programs
There are three C programs that are used in the GET-D CSHELL scripts to help processing the data. 

4.4.1 Source codes

The C codes are under directory c_tools.

./c_tools/doy.c

./c_tools/isleap.c

./c_tools/month_day.c
4.3.2 Compiling command

The Make file is src/Makefile. Use the option ‘c_tools’ to compile the files.

$Make c_tools
Three files will be generated under run directory

doy.x
isleap.x
month_day.x
4.4.3 Operational commands:

The usage of the commands are:
Usage: ./doy.x <year> <month> <day>
Usage: ./isleap.x <year>
Usage: ./month_day.x <year> <doy>
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