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Step-7

In this presentation … 

● Overview of the Land 
Verification Toolkit (LVT) and 
case setup.

● LVT config file options;  
● Running LVT for the open-

loop (OL) and and data 
assimilation (DA) cases;

● Comparing the OL and DA 
output.



Running LVT:  Our Testcase Overview
● Next, we compare the output from our open-loop (Step 2) and data 

assimilation (Step 6) runs, using the Land Verification Toolkit (LVT), which is 
part of the LISF software.

● We will read in to LVT the model output files generated in Steps 2 and 6 
and compare the two experiments, along with the SMAP DA observations.

● Since LVT is a verification and validation software, you will need to plot 
the output with a visualization software, such as Python, Matlab, GrADS.

● Several features and options exist in LVT, so we greatly recommend users
to review our online documentation found at:
http://lis.gsfc.nasa.gov

http://modelingguru.nasa.gov
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http://lis.gsfc.nasa.gov/
http://modelingguru.nasa.gov


Download necessary files to run this step …
1) Download the ”Step 3” tarred-gzipped file from the LIS testcases webpage 
(“testcase7_lvt_expcomp.tgz”).

2)  Unpack the testcase files into your working directory, $WORKING_DIR

3) Once unpacked, you will see the following directories and files:
• lvt.config.ol.da è LVT config file for the OL and DA model output

• lvt.config_smapDAobs è LVT config file for the DA observations used in the DA run

• METRICS.TBL è This LVT text file provides the statistical metric ‘select’ options

• TS_LOCATIONS.TXT è This file specifies areal or single point locations for time-series

• target_STATS.ol.da è Directory containing processed LIS OL and DA output

• target_STATS.smapDAobs è Directory containing processed SMAP DA obs

• Target LVT log files è two log files that were previously produced and provided 
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OL vs. SMAP DA Run Comparison

Step 1: Data comparison – Open Loop vs. SMAP-DA run,  
(lvt.config.ol.da)

#Overall driver options
LVT running mode:                       "Data intercomparison"
Map projection of the LVT analysis:     latlon
LVT output format:                     netcdf
LVT output methodology:               "2d gridspace"

Analysis data sources:               "LIS output"  "LIS output"
…

#     Datastream 1             |            Datastream 2
LVT datastream attributes table::
SoilMoist 1 1  m3/m3   - 1 4   SoilMoist 1 1  m3/m3 - 1 4
RootMoist 1 1  m3/m3   - 1 1  RootMoist 1 1  m3/m3 - 1 1
::

Step 2: Process DA observations, for same time 
period, same region/stations (lvt.config.smapDAobs) 

#Overall driver options
LVT running mode:                       "Data intercomparison"
Map projection of the LVT analysis:     latlon
LVT output format:                     netcdf
LVT output methodology:                 "2d gridspace"

Analysis data sources:           "LIS DAOBS"  "none" 
## DATA STREAM INPUTS ....

#Observation
LIS DAOBS output directory:  ./SMAPDA_OUTPUT/DAOBS 
LIS DAOBS domain file:       ../INPUT/lis_input.nldas.noah36.d01.nc
LIS DAOBS instance index:     1
LIS DAOBS use scaled obs:     1
LIS DAOBS output interval:    "15mn"
LIS DAOBS observation type:   "soil moisture"



Running LVT for our two cases
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• First, run LVT to process and look at the OL vs. DA soil moisture output:

./LVT lvt.config.ol.da

• Was the run successful?
o Yes ⇒ Great job!  

○ No ⇒ look at the error message and lvtlog_ol_da.0000 file 

• The output will be found in the directory:  STATS.ol.da

• The processed files should include point data for “Fort Cobb” and “Little 
Washita”, which were specified in the TS_LOCATIONS.txt file. 

• You can compare the output files with those found in the “target” 
directories:  target_STATS.ol.da



Running LVT for our two cases
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• Next run LVT to process the SMAP DA observations to be easily 
compared with our model output:

./LVT lvt.config.smapDAobs

• Was the run successful?
o Yes ⇒ Great job!  
○ No ⇒ look at the error message and lvtlog_ol_da.0000 file 

• The output will be found in the directory:  STATS.smapDAobs

• You can compare the output files with those found in the “target” 
directories:  target_STATS.smapDAobs



OL vs. SMAP: SMAP Assimilation Plots
To plot the output files, you can use almost any visualization package or software, 
e.g., Python, Matlab, GrADS, IDL, NCL. 

Two sample scripts are provided for plotting in Matlab (plot_TS.m) and gnuplot
(plot_noah36_smapda_littlewashita.plt).

Below, two example figures are shown, which were plotted with Python.



discover35> more MEAN_SUMMARY_STATS.dat 

---------------------------------------------------------

VAR: soil_moisture_content_v_soil_moisture_content

---------------------------------------------------------

ALL:    0.20605E+00 +/- 0.34978E-02   0.99531E+02

Little_Was   0.20483E+00 +/- - 0.99531E+02

Fort_Cobb:   0.22596E+00 +/- - 0.99531E+02

---------------------------------------------------------

VAR: DS2_soil_moisture_content_v_soil_moisture_content

---------------------------------------------------------

ALL:    0.18673E+00 +/- 0.20791E-01   0.99531E+02

Little_Was   0.18190E+00 +/- - 0.99531E+02

Fort_Cobb:   0.19157E+00 +/- - 0.99531E+02

Examine LVT output  

This file contains mean over regions or 
stations from model and from observations.

Columns 1 to 4 represent the location name, 
average value for that location, confidence 
interval, number of points contributing to the 
average



ASCII time series file 

discover34> more MEAN_Little_Washita.dat

2017 01 02 00 00   0.167289E+00 -0.999900E+04  0.167289E+00  0.167289E+00  0.000000E+00 -0.999900E+04  
0.154833E+00 -0.999900E+04  0.154833E+00  0.154833E+00 -0.999900E+04 -0.999900E+04 

2017 01 03 00 00   0.175021E+00 -0.999900E+04  0.175021E+00  0.175021E+00  0.000000E+00 -0.999900E+04  
0.168958E+00 -0.999900E+04  0.168958E+00  0.168958E+00 -0.999900E+04 -0.999900E+04 

2017 01 04 00 00   0.178459E+00 -0.999900E+04  0.178459E+00  0.178459E+00  0.000000E+00 -0.999900E+04  
0.165292E+00 -0.999900E+04  0.165292E+00  0.165292E+00 -0.999900E+04 -0.999900E+04 



Additional Background on the LVT 
Configuration File 
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• Next, we provide some additional explanations of the lvt.config file 
options and features.

• Additional details can be found in the LVT user’s guides, which can 
be found at the LIS website and on ModelingGuru.



LVT configuration file



Configuration: Time specification



Configuration: Analysis domain

•Specifies the extents of the LVT analysis domain

•The config entries are dependent on the chosen LVT map projection 

•The LVT analysis domain can be a subset of the domain specified in 

the ‘Input domain and mask data file’

•The spatial resolution of the LVT analysis domain can be different 
from the spatial resolution of the ‘Input domain and mask data file’

• LVT will generate the landmask for the analysis domain by 
interpolating/upscaling the ‘LANDMASK’ field

The input NetCDF file used to create the gridspace in 
LVT

Should contain a field called “LANDMASK” with a 0/1 
landmask representation

The global attributes/dimensions of this file should 
contain relevant map projection and domain extent 
information



Configuration: Data sources

• Two data sources must always be specified, separated by spaces

“LIS output” “LIS output”

“LIS output” “none”

“LIS output” “NLDAS2”

“NLDAS2”  “CMC”

“NLDAS2”   “GDAS2”



Configuration: Datastream attributes table

Variable from datastream 1 Variable from datastream 2



Configuration: Vertical averaging, external masking



Configuration: Output frequency

h=0 h=6h=3 h=12 h=0 h=0
d=1 d=2 d=30

……
Datastream 1

Datastream 2

Metric

}} }
……

Output value of metric



Configuration: Time series output

Style 3: Specify 1-d tile bounding indices

Style 5: Regions defined by a categorical 
mapStyle 4: List of lat/lons to specify a region

Style 1: Specify lat/lon bounding boxes Style 2: Specify column/row bounding indices



Configuration: Metrics attributes

#name          total in-time writeTS extractTS threshold SC ADC short_name



Finally, details of the datastreams…


