VIIRS Polar Winds Upgrade for Tandem Processing
ASF Modifications and Processing Overview
This document is intended to provide background and information about both the modifications required to expand the Algorithm Services Framework (ASF) and the processing logistics employed to run the Tandem VIIRS Polar Winds (VPW) process to produce Atmospheric Motion Vector (AMV) datasets from the JPSS VIIRS satellites. 

The current operational processing of Polar Winds operates on image triplets built from successive passes from each JPSS VIIRS satellite currently in orbit (i.e., NPP, NOAA20, NOAA21) with an orbital period of ~101-minutes. This delivery will update that processing to allow for the winds image triplet to be assembled using a combination of imagery from all three VIIRS satellites. Using combinations of imagery to construct the image triplets dramatically improves the latency, geographic coverage, and overall quality of the VPW product.

The current VIIRS satellite constellation allows for the possibility of three Tandem VPW image triplet configurations: Single-Satellite, Dual-Satellite and Three-Satellite Tandem processing. The Dual and Three-Satellite configurations provide wind vector observations from the polar imaging with higher temporal resolution and greater geographic coverage than is available from the current operational polar AMV product (i.e., Single-Satellite only). However, the up-front data handling and processing steps are quite different from previous implementations of the VPW. This document is being provided to offer a brief accounting of the processing scripts employed and ASF algorithm modifications instituted to generate the Tandem-VPW. A high-level overview of the primary steps to produce these new wind sets is also provided. 

In addition to the modifications required for processing the Tandem-VPW, this handoff also includes modifications to the nested-tracking DBSCAN clustering method. Although not specifically required for running the Tandem-VPW, these additional modifications were shown to provide significant improvements to the wind retrievals, particularly for Polar winds. As such, the Winds Team felt it was an important addition to the R2O Tandem-VPW code handoff. 

Additionally, a request to add the CloudyPixels variable to the winds NetCDF output file is also included in this handoff. This request was made previously to ASSISTT but was not incorporated into the framework before the transition of everything out of the ASF began. As such, this request is included here simply to ensure that this variable does, in fact, make it into the operational Tandem-VPW code set. 


ASF Algorithm Modifications
The descriptions of the modifications contained in this handoff will be broken into three sections. The first being what is required to expand the ASF to enable processing of the Tandem-VPW. The second will describe the DBSCAN updates to nested-tracking. And the third will cover the addition of the CloudyPixels variable to the output file, although as mentioned above, this modification request was made to ASSISTT in mid-2024. It is simply being included here to ensure it gets folded into any new code set. 


Tandem-VPW ASF Modifications
As the bulk of the effort to run the Tandem-VPW is focused on the upfront handling of data inputs via bash scripts, the actual ASF code modifications themselves are straightforward. There are five winds-specific science modules, three winds-specific xml configuration modules, two  Python modules, and four Python ini files that are updated (described below) for this processing. 

All modified ASF modules, new Tandem-VPW processing scripts, and test datasets are contained in tarballs posted to the directory below: 

Modified ASF Modules:
/data/smcd8/abailey/ASSISTT_Handoff_Directories/Tandem_VPW_R2O_Handoff/Tandem-VPW_ASF_Mods.tar

Contains:
AMV_EN_feature_tracking_utils_m.f90
AMV_EN_processPre.f90
AMV_EN_target_selection_m.f90
AMV_EN_winds_inc.f90
AMV_EN_XPATH_m.f90

Config-WINDS_UNIT.xml
POLAR_REMAP_READER.xml
VIIRS-WINDS_AMV_EN.xml

winds.ini
winds_j01_proj.ini*
winds_j02_proj.ini*
winds_npp_proj.ini*

winds_projection.py
winds.py

NOTE: These modifications were made to the STAR GitLab ASF commit:  
commit bfa5b4ffc26490f5a7c0c3075d95db3dd2037815 (HEAD -> main, tag: v1.9.0, origin/main, origin/HEAD)
Author: ci-runner-asf <ci-runner-asf@git.star.nesdis.noaa.gov>
Date:   Wed Nov 27 21:20:24 2024 +0000
    bump: release 1.8.0 → 1.9.0


Tandem-VPW Processing Scripts
/data/smcd8/abailey/ASSISTT_Handoff_Directories/Tandem_VPW_R2O_Handoff/Tandem-VPW_Processing_Scripts.tar

Contains: 
VIIRS_NRT_run_Cloud_and_Projection.scr
VIIRS_NRT_run_Tandem_Winds.scr

VIIRS_NRT_Check_and_Link_Composite_Images.bash
VIIRS_NRT_Find_Granules.bash
VIIRS_NRT_Find_Tandem_Triplets.bash
VIIRS_NRT_Remove_Duplicate_Composites.bash
VIIRS_NRT_Tandem_Winds_Cleanup.bash

Although a general overview of the primary code changes is given below, to see the specifics of the individual code changes made within each ASF module listed here, it is recommended that a simple search of the modified code for the term ‘aab Tandem mod’ be employed. Each modified line in the code has been tagged with this comment. 

AMV_EN_processPre.f90
Driver to handle pre-processing tasks for the winds algorithm. This module is modified to set the reverse (Time_Interval_minus) and forward (Time_Interval_plus) timesteps from the actual current triplet being processed for polar winds rather than using a fixed Orbital Period value. 

AMV_EN_target_selection_m.f90
Module to select image features that will subsequently be tracked to derive atmospheric motion. The variable TandemTriplet is added to this code and is used to designate the Tandem-VPW image triplet configuration being processed (i.e., Single-Satellite, Dual-Satellite, Three-Satellite). It is passed into the calls to the Nested_Tracking subroutine. 

AMV_EN_winds_inc.f90
Module that contains variables used by the winds algorithm. Three new variables are added to set the Correlation Coefficient value for cloud-track Polar Winds based on the Tandem-VPW image triplet configuration being processed.  

   ! CorrCoeff values for Tandem VPW
   REAL(DOUBLE), PARAMETER :: CORR_COEFF_5X5_POLAR_CLD_S  = 0.6  ! Single-Sat Triplet
   REAL(DOUBLE), PARAMETER :: CORR_COEFF_5X5_POLAR_CLD_D  = 0.7  ! Dual-Sat Triplet
   REAL(DOUBLE), PARAMETER :: CORR_COEFF_5X5_POLAR_CLD_T  = 0.8  ! Three-Sat Triplet

AMV_EN_XPATH_m.f90
Module to set data labels used by the framework. The TANDEM_TRIPLET data label is added and set for use by the framework. 

Config-WINDS_UNIT.xml
Configuration XML code for the winds algorithm. The change for this module is to simply comment out the setting of ENV_OUTPUT_DIRECTORY, map_directory and granule_input_dir. These values are now satellite-dependent and set in the Clouds/Projection bash driver script and individual projection .ini files listed below. 

POLAR_REMAP_READER.xml
XML configuration module for reading in polar stereographic projection. There are no actual changes made to this code. A comment was simply added indicating the OrbitalPeriod variable is no longer used to set triplet timestep intervals for polar winds. Those timesteps are now calculated from the triplet itself in the winds algorithm preprocessing code.

VIIRS-WINDS_AMV_EN.xml_Tandem_mod
XML configuration file for Winds algorithm. A line is added to set the Tandem_Triplet configuration to be passed to the winds algorithm. 

winds.ini
Python ini file used only when running the configuration section for winds. 

The map_directory is set to the Tandem Composite Image Repository. 

map_directory=./Temporary_Data/Tandem_Winds_Processing/

For Tandem winds processing we set ENV_SATELLITE to NOAA-20. The ENV_TANDEM_TRIPLET value is set dynamically in the winds processing script VIIRS_run_NRT_Tandem_Winds.scr prior to calling the winds python code. It is set depending on the current triplet configuration being processed as shown below.
‘S’	- running Single satellite winds
‘D’	- running Dual satellite winds (i.e., combo of NPP-NOAA20-NOAA21)
‘T’	- running Three satellite winds (NOAA21-NPP-NOAA20)


winds_j01_proj.ini; winds_j02_proj.ini; winds_npp_proj.ini
Channel specific Python ini files used only when running the Cloud/Projection configuration section for winds processing. The channel specific files were created due to processing conflicts encountered when running the clouds/projection step simultaneously via separate cron jobs for each satellite. 

The projections are generated from satellite-specific cloud (unit1) granule input:

granule_input_dir=./Intermediate_Data/npp/
granule_input_dir=./Intermediate_Data/j01/
granule_input_dir=./Intermediate_Data/j02/

And written to satellite-specific working directories:

map_directory=Temporary_Data/npp_maps/
map_directory=Temporary_Data/j01_maps/
map_directory=Temporary_Data/j02_maps/

winds_projection.py
Python code used to generate the pole-crossing composite images. The only modification made to this code was to add a requirement that there be a minimum of 10 granules present (out of the typical 14) from the cloud algorithm processing step (unit1) before making the composite image. This is added to avoid processing winds on incomplete composite images.  

winds.py
Python code used to generate the wind vectors. This code was modified to no longer use a hard-coded value for the ORBIT_PERIOD variable. It now accesses the tandem image triplet configuration variable, ENV_TANDEM_TRIPLET, to set the orbit period. ENV_TANDEM_TRIPLET indicates the current tandem triplet configuration being processed and is set in the winds processing script 'VIIRS_run_NRT_Tandem_Winds.scr' prior to calling the winds python code. It is set depending on the current triplet configuration being processed as shown below:

Single-Satellite winds	- ORBIT_PERIOD = 101 minutes
Dual-Satellite winds	- ORBIT_PERIOD = 50.50 minutes
Three-Satellite winds	- ORBIT_PERIOD = 25.25 minutes


Tandem-VPW Test Datasets 
Tandem composite images are provided to run each Tandem-VPW triplet configuration (i.e., Single, Dual, and Three-Sat) along with the winds algorithm output (NetCDF format) for channels M11 and M15. Sample GIF images of the plotted winds are also provided in the tarball:
/data/smcd8/abailey/ASSISTT_Handoff_Directories/Tandem_VPW_R2O_Handoff/Tandem-VPW_Handoff_Test_Data.tar.gz

Contains: 
Tandem-VPW_Handoff_Test_Data/Dual:
nps_NOAA20_VIIRS_750M_Granule_3305x3305_2025298_2047_30.nc*
nps_NOAA20_VIIRS_750M_Granule_3305x3305_2025298_2228_29.nc*
nps_NOAA21_VIIRS_750M_Granule_3305x3305_2025298_2138_42.nc*
Tandem_NP_2025298_2138_D-NOAA20-NOAA21-NOAA20_M11.gif*
Tandem_NP_2025298_2138_D-NOAA20-NOAA21-NOAA20_M15.gif*
TANDEM_POLAR_3305x3305_NPS_2025298_2138_42_WINDS_AMV_EN-M11CT.nc*
TANDEM_POLAR_3305x3305_NPS_2025298_2138_42_WINDS_AMV_EN-M15CT.nc*

Tandem-VPW_Handoff_Test_Data/Single:
nps_NPP_VIIRS_750M_Granule_3305x3305_2025298_1521_45.nc*
nps_NPP_VIIRS_750M_Granule_3305x3305_2025298_1702_44.nc*
nps_NPP_VIIRS_750M_Granule_3305x3305_2025298_1845_09.nc*
Tandem_NP_2025298_1702_S-NPP-NPP-NPP_M11.gif*
Tandem_NP_2025298_1702_S-NPP-NPP-NPP_M15.gif*
TANDEM_POLAR_3305x3305_NPS_2025298_1702_44_WINDS_AMV_EN-M11CT.nc*
TANDEM_POLAR_3305x3305_NPS_2025298_1702_44_WINDS_AMV_EN-M15CT.nc*

Tandem-VPW_Handoff_Test_Data/Three:
nps_NOAA20_VIIRS_750M_Granule_3305x3305_2025298_2228_29.nc*
nps_NOAA21_VIIRS_750M_Granule_3305x3305_2025298_2138_42.nc*
nps_NPP_VIIRS_750M_Granule_3305x3305_2025298_2207_10.nc*
Tandem_NP_2025298_2207_T-NOAA21-NPP-NOAA20_M11.gif*
Tandem_NP_2025298_2207_T-NOAA21-NPP-NOAA20_M15.gif*
TANDEM_POLAR_3305x3305_NPS_2025298_2207_10_WINDS_AMV_EN-M11CT.nc*
TANDEM_POLAR_3305x3305_NPS_2025298_2207_10_WINDS_AMV_EN-M15CT.nc*


Tandem-VPW Processing Overview
The current operational processing of Polar Winds operates on image triplets built from successive passes from each JPSS VIIRS satellite currently in orbit (i.e., NPP, NOAA20, NOAA21) with a time interval of ~101-minutes. This update to Tandem-VPW processing will now allow for the winds image triplet to be assembled using a combination of imagery from all three JPSS VIIRS satellites. The current constellation of these satellites allows for three different triplet configurations: 

· Single-Satellite 
	- All three images in the winds triplet come from a single JPSS satellite.
	- Time-step of ~101 minutes between images
	- This is the current operational processing configuration

· Dual-Satellite
- The winds image triplet is a combination of images from NOAA-20 and NOAA-21. (i.e., NOAA21-NOAA20-NOAA21 or NOAA20-NOAA21-NOAA20)  
	- Time-step of ~50 minutes between images
- The smaller timestep allows for higher quality AMVs, more overlap in imagery with better spatial coverage and reduced latency when compared to Single-Satellite configuration.

· Three-Satellite
	- The images in the winds triplet come from all three JPSS satellites. 
- Only possible with NPP as the central image of the triplet (i.e., NOAA21-NPP-NOAA20)
	- Time-step of ~25 minutes between images
- The even smaller timestep allows for higher quality AMVs, more overlap in imagery with better spatial coverage and reduced latency when compared to Single and Dual-Satellite processing. 

The Tandem-VPW processing is split into two major components. The Cloud Algorithm/Projection processing component and the Wind Algorithm processing component, with each running via cron entries.

· Cloud Algorithms/Projection processing
	- Runs via cron every 60-minutes with separate entries for each satellite. 
- Populates a common Tandem Composite Image Repository with the pole-crossing composite imagery generated from each satellite. 

· Winds Algorithm processing
	- Runs via cron every 60 minutes
	- Queries the Tandem Composite Image Repository for all possible	triplet combinations to process for winds. It runs based on a series of selection rules and will form the "best" configuration for TandemVPW processing based on the current available imagery. 



Tandem-VPW Processing Scripts in this handoff
VIIRS_NRT_run_Cloud_and_Projection.scr
This is the driver script for the Tandem-VPW Cloud and Projection processing steps for NPP, NOAA20 or NOAA21. It is scheduled via cron and submits a series of scripts (based on user input) to pull VIIRS granules from the Star Central Data Repository (SCDR), run the cloud algorithms, remap those granules to polar stereographic projection, and stitch them together to create the pole-crossing images used to form the winds processing image triplets. These images are then staged to a common repository to be accessed by the VPW Tandem Winds processing (run via a separate cron entry). 

VIIRS_NRT_run_Tandem_Winds.scr
This is the driver script for the Tandem-VPW wind vector processing step. It is scheduled via cron and submits a series of scripts to process wind datasets from pole-crossing images created and posted to a common image repository via the script VIIRS_NRT_run_Cloud-and-Projection.scr (scheduled separately via cron).

VIIRS_NRT_Check_and_Link_Composite_Images.bash
This script filters out any composites that are near duplicates in the final output directories (satellite-specific) and then soft links those composite images to the VPW Tandem Image Triplet Repository. It also archives VIIRS composite imagery to a local STAR archive for the months of Jan, Apr, Jul, Oct for later research. 

VIIRS_NRT_Find_Granules.bash
This script searches SCDR for VIIRS granules within +/- 30 minutes of a user specified time and within 50 degrees of either pole, generating a list of files that are then copied to the local L1B working directory. Required inputs include the satellite name ("npp", "j01" or "j02"), the date (yyyyddd) and time (hhmm). All L1B granule file types required to process VPW are copied to the working L1B satellite directory.

VIIRS_NRT_Find_Tandem_Triplets.bash
This script searches through the VIIRS Tandem composite image repository to identify
all possible triplet combinations to process for winds. It's based on a series of selection rules and will form the "best" configuration for Tandem processing from the current available imagery. There are three possible Tandem configurations: Three-Sat, Dual-Sat, or Single-Sat processing. The file listing is processed separately for possible triplet combinations for each pole.

VIIRS_NRT_Remove_Duplicate_Composites.bash
This script identifies and lists near-duplicate composite files that can get created in the composite directories during the processing of granules. Any duplicate images that have a nominal timestamp within 10 minutes of each other are removed.

VIIRS_NRT_Tandem_Winds_Cleanup.bash
Script for NRT VPW processing to run a cleanup for L1B, PS Projections, or the Winds processing step. For the L1b step it cleans up all L1B files at the start of each cycle. For the Projection step it cleans up all the Cloud granules no longer needed based on the most recently generated composite image (sat dependent). For the Winds step it cleans up all composite images that have already been processed for winds. It cleans up the npp, j01, j02, and tandem image repository composite images based on the most recently produced tandem winds dataset (for both poles).


Running the Tandem-VPW Processing
Certain aspects of running the Tandem-VPW described in this section are, obviously, specific to the STAR research environment. It is assumed and expected that this implementation will require adjustments to the scripting, particularly with regards to the up-front handling and staging of data acquired via SCDR (L1B, GFS, etc.). As such, what is presented here is expected to serve primarily as a guide to the initial processing environment setup, as well as a description of the major steps executed by the provided processing scripts. 

Initial processing environment setup
The scripts that are used in this handoff expect an initial directory tree structure to be set up for the major steps described above. The following directories and sub-directories should be set up within the main processing directory as shown below. 

run_ASF_VIIRS_Tandem_Winds/	- Main Tandem-VPW processing directory
j01/	- directory for L1B granule data from NOAA20
j02/	- directory for L1B granule data from NOAA21
npp/	- directory for L1B granule data from NPP

Intermediate_Data/
j01/	- Granule Output from Cloud Algorithms from NOAA20
j02/	- Granule Output from Cloud Algorithms from NOAA21
npp/	- Granule Output from Cloud Algorithms from NPP

Temporary_Data/
j01_maps/	- Remapped Polar-Stereo Composite Images from NOAA20
j02_maps/	- Remapped Polar-Stereo Composite Images from NOAA20
npp_maps/	- Remapped Polar-Stereo Composite Images from NOAA20
Tandem_maps/- Tandem Composite Image repository (soft-linked images from the *_maps directories). 
Tandem_Winds_Processing/	- Working directory used during the winds algorithm processing to hold the current Tandem Triplet 
	Output/	- All output and log files from running the Winds Algorithm
cron_logs/	- directory for the cron log output from running the processing scripts.


Cloud and Projection Algorithm Processing Steps
The driver script VIIRS_NRT_run_Cloud_and_Projection.scr is scheduled via cron to run separately for each of the three JPSS satellites every 60-minutes. With each run it processes the L1B granules, runs the cloud algorithms, and subsequent remapping/stitching of that output into polar-stereographic, pole-crossing composite projections for each satellite. This step will be quite different in the NCCF than what is run in the STAR research environment. Nonetheless, the primary take away from this step in the Tandem-VPW process is the creation of a common image repository populated with composite imagery from NPP, NOAA20, and NOAA21. This repository is used by the winds algorithm to build the various Tandem Image Triplets from the available imagery when running the winds processing step. 

Winds Processing Step
The driver script VIIRS_NRT_run_Tandem_Winds.scr is scheduled to run via cron every 60 minutes. With each submission it queries the tandem common image repository which has been populated with pole-crossing composite imagery via the script VIIRS_NRT_run_Cloud-and-Projection.scr (scheduled separately via cron). 

It performs this search using the script VIIRS_NRT_Find_Tandem_Triplets.bash, which evaluates the image repository to identify all possible triplet combinations to process for winds. The triplet is formed based on a series of selection rules and will form the "best" configuration for Tandem processing from the current available imagery. There are three possible Tandem configurations: Single-Sat, Dual-Sat, or Three-Sat processing. The file listing is processed separately for possible triplet combinations for each pole.

The linked images in the Tandem composite image repository have all been renamed to NOAA20 to simplify handling the winds processing within the algorithm. However, this script makes use of the linked filenames to identify the source of each file - NPP, NOAA20, or NOAA21 - to apply the selection rules. The linked list looks something like this:

"../j02_maps/nps_NOAA21_VIIRS_750M_Granule_3305x3305_2025230_0922_38.nc"
"../npp_maps/nps_NPP_VIIRS_750M_Granule_3305x3305_2025230_0949_41.nc"
"../j01_maps/nps_NOAA20_VIIRS_750M_Granule_3305x3305_2025230_1012_26.nc"
"../j02_maps/nps_NOAA21_VIIRS_750M_Granule_3305x3305_2025230_1105_04.nc"
"../npp_maps/nps_NPP_VIIRS_750M_Granule_3305x3305_2025230_1130_40.nc"
"../j01_maps/nps_NOAA20_VIIRS_750M_Granule_3305x3305_2025230_1153_56.nc"
"../j02_maps/nps_NOAA21_VIIRS_750M_Granule_3305x3305_2025230_1246_04.nc"

The selection rules are as follows:

1) If the middle image of the triplet is from NPP, there are two possible configurations for the triplet.
Three-Sat Tandem:	Triplet is comprised of images from all three satellites with a time step of roughly 25-minutes.
Single-Sat:	If Three-Sat is not possible, all three triplet images come from NPP with a time step of roughly 101-minutes.

2) If the middle image of the triplet is from NOAA20, there are two possible configurations for the triplet.
Dual-Sat Tandem:	Triplet is comprised of the first and third images from NOAA21 but only if the time step is roughly 50-minutes.
Single-Sat:	If Dual-Sat is not possible, all three triplet images come from NOAA20 with a time step of roughly 101-minutes.

3) If the middle image of the triplet is from NOAA21, there are two possible configurations for the triplet.
Dual-Sat Tandem:	Triplet is comprised of the first and third images from NOAA20 but only if the time step is roughly 50-minutes.
Single-Sat:	If Dual-Sat is not possible, all three triplet images come from NOAA21 with a time step of roughly 101-minutes.

For all three cases above, if neither configuration is possible, processing moves to the next file in the list until all current files in the tandem composite image repository have been processed. In an ideal world where all processing is nominal, the current JPSS constellation will generate a Three-Sat Triplet configuration dataset at a ~101-minute cadence and a Dual-Sat Triplet configuration dataset at a ~50-minute cadence. The Single-Sat configuration processing now occurs primarily as a fallback to when the Dual or Three-Sat configuration cannot be processed. 

Once all possible triplets available to process have been identified for this cycle, the winds algorithm will loop through them all and generate the AMV datasets for both the North and South Poles. The output NetCDF file is also renamed to reflect that it is from the Tandem-VPW processing, and the global attribute satellite_name is set to indicate the triplet configuration that was used in the processing:  

Single-Sat:	satellite_name =	"Tandem: NPP-NPP-NPP"
					"Tandem: NOAA20-NOAA20-NOAA20"
"Tandem: NOAA21-NOAA21-NOAA21"
Dual-Sat:	satellite_name =	"Tandem: NOAA21-NOAA20-NOAA21"
					"Tandem: NOAA20-NOAA21-NOAA20"
Three-Sat:	satellite_name =	"Tandem: NOAA21-NPP-NOAA20"


The winds algorithm processing finishes up with some housekeeping and cleanup of all composite images that have been processed for winds with this cycle. It cleans up the directories containing the composite imagery for NPP (npp), NOAA20 (j01), and NOAA21 (j02), as well as the Tandem common repository. It does this based on the timestamp of the most recently produced tandem winds dataset (for both NP and SP).


DBSCAN ASF Modifications
In addition to the modifications required for processing the Tandem-VPW, this handoff also includes modifications to the nested-tracking DBSCAN clustering method. Although not specifically required for running the Tandem-VPW, these additional modifications were shown to provide significant improvements to the wind retrievals, particularly for Polar winds. As such, the Winds Team felt it was an important addition to the R2O Tandem-VPW code handoff.

For this modification, significant changes are made to the nested tracking algorithm to enable analysis of the displacements from both time steps (reverse and forward) simultaneously by the DBSCAN cluster analysis algorithm. In the original version of the software the displacements from each time step were analyzed separately by DBSCAN and the resulting output averaged together. 

This change necessitates doubling the size of the "SetOfPoints" data array, which is passed to DBSCAN, as well as the various arrays of the "DBSCAN_Out" data structure. The SetOfPoints" array now holds the x- and y- displacements (and cloud pixel data) from the reverse time step at the same time as the x- and y- displacements (and cloud pixel data) from the forward time step before DBSCAN is called. This means DBSCAN is now called only once for each AMV. In the original version of the software DBSCAN was called twice.

A new variable "vector" is added to both the "SetOfPoints" array and the "DBSCAN_Out" data structure to indicate the source (1=reverse time step, 2=forward time step) of each point in the combined sample. The "vector" variable is added to the code primarily to facilitate the computation of various statistics, such as the average u- and v-component wind, associated with each time step. A second neighborhood radius parameter, EPS_GEO_VZ, is added and is specific to the ABI visible winds.

In addition to the above changes, the thresholds for the gradient check performed in the Target_QC subroutine are lowered and the spatial coherency check disabled to increase coverage in low contrast, spatially coherent cloud scenes.

In total 5 code modules are modified.

Modified ASF Modules:
/data/smcd8/abailey/ASSISTT_Handoff_Directories/Tandem_VPW_R2O_Handoff/ DBSCAN_ASF_Mods.tar

Contains:
AMV_EN_DBSCAN_m.f90
AMV_EN_feature_tracking_utils_m.f90
AMV_EN_target_selection_m.f90
AMV_EN_target_selection_utils_m.f90
AMV_EN_winds_inc.f90

NOTE: These modifications were made to the STAR GitLab ASF commit:  
commit bfa5b4ffc26490f5a7c0c3075d95db3dd2037815 (HEAD -> main, tag: v1.9.0, origin/main, origin/HEAD)
Author: ci-runner-asf <ci-runner-asf@git.star.nesdis.noaa.gov>
Date:   Wed Nov 27 21:20:24 2024 +0000
    bump: release 1.8.0 → 1.9.0

The updated modules listed above specific to the DBSCAN modifications contain the comment “aab Tandem (dbscan)” identifying each location in the code where these changes were made. Simply search through the code for this comment to identify them. 


CloudyPixels ASF Modifications
In mid-2024, the Winds AWG determined that it would be useful to add the "CloudyPixels" variable ('number of cloudy pixels in target box') to the DMW output. At that time a request was made to ASSISTT to include this modification in a future update to the ASF. However, with all the work required transitioning everything out of the framework over the past year, the Winds AWG wanted to ensure this simple change does, in fact, get included in the new code.   

Certainly, the details of how to add a variable to the winds output NetCDF file do not need to be described in detail here. Nonetheless, please contact the Winds AWG with any questions or concerns. 


Summary
Code modifications required to expand the ASF to enable processing of the Tandem-VPW, along with changes to the DBSCAN method used by the nested-tracking algorithm, and the addition of the CloudyPixels variable to the winds NetCDF output file were presented. 

Obviously, there are aspects and sections of the processing steps outlined in the scripts provided in this hand-off that are specific to the STAR research environment. Any questions about this processing and adopting it to a different environment should be directed to Andrew.Bailey@noaa.gov or Jaime.Daniels@noaa.gov. 

